-1- TRANSFER APPARATUS FOR HANDLI NG ELECTRONI C COVPONENTS Field of the
I nvention 5 The present invention relates to apparatus and nethods for
processing el ectronic conponents such as sem conductor packages, and in
particular, to the singulation, inspection, sorting and of fl oadi ng of the
el ectroni c conponents. 10 Backgroundiand Prior Art The sorting of

el ectroni c conponents, such as packages that have been singulated on a
nounting tape or a singulation jig, is one of the key back-end processes
for the manufacture of Chip-Scale Packages ("CSP') like Ball Gid 15
Array (" BPRANSPERIISS ARATUS' BORTHANDIONG BEECTRENIQ cMbS n a CSP
package, ttere a tead or pad op SUl OT_ ITELR ectri cal
connections with other devices, as well as a nold side (bottom surface)
conpri si A ncapsul ant for protecting the internal circuitry. The nold
side is —%gldgl&stﬁei%%. .Q.'?y referred to as a marking side as | abels or other
i nforgrati on may be nmarked onto this surface of the package. Inspection
results on the | ead/ball side and nold/ marking side are commonly used as
sorting the pemsent inertiauielatag to apparatusmndyaethagieSor precesting elsséianicor med t o
determn €S, | o [ e
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t hroughput. Typically, after sorting and inspecting, good packages are

of fl oaded to a container, such as a tray or tube container, and rejected
packﬂges?gé!_@gr&i"ﬁpgﬁ@ﬁﬁoggnof in areject bin. Further, reworked units nay
be transterre 0 yet another tray or bin. -2 Conventional package
processi ng machi nes sort and inspect the packages

The sorting of electronic components, such as packages that have been

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.

In a 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 protecting the internal circuitry. The mold side is

20 also commonly referred to as a marking side as labels or other 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 sorting
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 tray 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.



i ndividual ly. The packages are al so picked up and transferred to the
various stations as well as offl oaded separately. The throughput of such
processing machines is significantly lowered as a result. An exanple of a
met hod to pick-up 5 and sort singul ated el ectronic packages individually
is illustrated in US Patent Nunber -2-190, 446 entitled "System for
Processing El ectronic Devices". Singul ated packages are individually

pi cked up froma tape and placed onto  holders at a certain segnent of a
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holder, which may render inspection results unreliable as a result of the quality of

the glass and contamination through use.

Ancother 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 singuiated 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 preferred 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 transfer the packages to a position

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



opposite the offl oadi ng device for mark inspection. The packages are
further -3 transferred to a tray or a tube according to the inspection
results. This nmethod is undesirable as a conplicated pick head design
using several notors to drive individual vacuum pads in the z-direction
is needed. Mre expensive fabricatied- nethods are required since the
not or channel includes the notor itself, encoder 5 and a driver.

Additionally, while the pick-up rate of individual packages is quite fast
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tray, tube, reject bin, or canister according to the inspection results.
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15  transfer track and the packages are separated into separate units to be picked up
individually at the end of the track. The lead/ball surface inspection can be
conducted before offloading units to either a tray, tube, reject bin, or canister
according to the inspection results. As different conversion kits are required for
different packages, this method involves high costs. The setup and conversion

20 are also difficult, requiring major leveling adjustments from the singulation 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 6f 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 multiple sides of the packages (such as their bottom and top

surfaces and four side surfaces) efficiently and cost effectively.



handl i ng si ngul at ed packages in groups instead of individually and which
allow 30 full inspection of multiple sides of the packages (such as their
bottomand 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 transfler apparatus for a handling system
for efficient pick-and-place operations of groups of singulated 5

el ectroni c conponents, while overcom ng at | east some of the shortcom ngs
of the 2uemassefdhednvantions  According to a first aspect of the invention,
there is provided an apparatus for transferring a plurality of electronic
conponents, conprising a row of pick heads 10 operative to pick up the
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w dth of the pick heads. 15 According to a second aspect of the invention,
there i shpatoresaid piondithod of transferring a plurality of electronic
conponents, conprising the steps of sinultaneously picking up the

el ectronic conponents with a row of pick heads at a first |ocation,
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which are parallel to a length of the row of pick heads whereby to adjust a pitch
width of the pick heads.

15
According to a second aspect of the invention, there is provided a method of
transferring a plurality of electronic components, comprising the steps of
simuitaneously 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



-5- Brief Description of the Drawi ngs The present invention will be
readily appreciated by reference to the detailed description of the
preferred enbodi nents of the invention when considered with 5 the
acconpanying drawings, in which: FIG 1 is a plan view (in the x-y axes)
of an inspection apparatus for sorti-fig, = i nspecting and of fl oadi ng

si ngul at ed packages according to the preferred enbodi nent of the

invention; 10 FIG, 2 |s a side view (in the x-z axes) of the inspection
apparatﬁm@g@ﬂm 31 illustrate side views (in the x-z
axes) of a working sequence of the transfer of the singul ated packages
froma flipping platformto buffer boats 15 followed by inspection and
of f | oadi Tle piesend isvandioh avid g aeddilyeappreciaidd bpdefesende ta ke idetgiledt i on
apparatus of. FIG .1 FlGs. AA to AF illustrate plan views (jn the x-y
eey - of desigfan R ecrsiSiiad gropnifents anTid MEnfof Rt iteklsted b5 ¥ om
t he lpuf fige al@@gmpbﬁYiﬁgfdim@mgg,riﬁfvﬁﬁémd 20 enbodi mrent of the offloader in
the formof 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

enbodi ng : f; ] h r : I ' HFE1G 6 10s
a plan VFI?WO{ i'%]g'?%'gﬁ x‘}-lé}ﬁca@(rats e”)é:y %ésguﬁoﬁiagrﬁ@egﬁi ﬁngﬁaE%%)?n%n@éﬁ '| oadi ng
armin aingpectingcantli offfoadingn sirqylatgd opackagesx angomdivtgorto atheorpiefegretio a
preferred  enbodinppt of the invention; 30 FIG 7 is a side view (in the
x-z axes§mBpdimeat gﬁ?‘@dﬁ‘("r'ﬁ'oﬂitch adj ustment offloading armof FIG 6; and
-6- fgG 8 is a plan view (in the x-y axes) of the automatic pitch
adj ust nment _

FIG. 2 is a side view (in the x-z axes) of the inspection 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 inspection 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;

FI1Gs. 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 adjustment offloading
arm in a first configuration having one indexing motor according to a pfeferred

embodiment of the invention;

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



of floading armin a second configuration having dual indexing notors.

Det ai | ed Description of the Preferred Enbodi nents of the Invention 5 The

preferred enbodi nents of the present invention will be described

hereinafter wth reference to the acconpanying drawings. FIG 1 is a plan

view (in the x-y axes) of an inspectifon apparatus 10 for sorting, 10

I nspecting and of fl oading el ectronic conponents in the form of singulated

packages_ 12 Qcordln to the preferred. e dlne t o t he i nven FIG 2
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1. The iSRRG bR iMBRRAESNd o urmamﬁ@ﬁndaeanﬁaém MdtGs, nanmely the

onl oad and front processes nodul e and a package oftl oad nodul e. The

onl oad and front 15 processes nDduIe i ncludes an unloading arm14, a

dual buffer boats
E&CT ' ' TOTC ay-of packages 12.

-Prefeyably the buffer boats 18, 20 can rotate 90 180 or 270 fromthe

original_orientation to suitably orientate the _packages 12 for downstream

proc essebhe preferrad emﬁ?ﬁ@%@’ﬁ%ﬁ Q’teaﬁrieéﬁmi IRveHionswill rheoqesggbgd Rereinaftars ace

i nspect i e package offload nodule

conpri Se\@%dfjeg%!ﬂeﬁ?e]gtﬂé?ﬂoﬁg)ﬂﬁ@:dr}hgvmyi 24 for transferring a plurality
of packages 12, a gang precisor 26, a second inspection station such as a
bal | ection devi.ce 28 a s 30,,.32. 25 The ckages 12 are
o ngul at el ds BlRgriFa ey AxesEBreh IrepRcich el 10 A M. cis
al | fghe |ﬁé|5‘éﬂt|h§t 8Ad pamlsaanﬂg é%cfrbﬁlﬁ“ bbmpéhémyl r:htltﬁ@ forrél &f eﬁ@tnéteads them
onto the fl |p|ng] platform 16 with their nol i des facing downwards. The
f1ippi ngpqﬂkage@ﬂ acgordingt thﬁ@refsmedg?éﬁchnmeet:@f th@dn\tgntlpamﬂ@oZtmat their
nmol d si f r: oRnb I urface

| nspect |%§é§8é eV é@&%z p‘%egi t?lﬂﬂ%ml\ag%éﬁir’?nt ﬁéﬁ%ﬁysr thé{f Ht?orﬂt)r irrt‘séf er the
packageSmbﬂ)emdonmppatﬂtosRO@mrtlwdeHMmrhatrhmoduleb marhélyrthd oateadldhd 26nht Af t er

the buffer boats 18, 20 -7-
) processesS module and a package offload module. The onload and front

15 processes 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 platferm 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 nold
surfaces pointing upwards in the y-direction to the nold surface

i nspection device 21 at the back of the inspection apparatus 10 for nold
surface inspection. The nold surface inspection device 21 is novable in
the x-direction to inspect packages-¥2 5 held on one of the buffer boats
18, 20. After nDId surface |nspect|on the buffer boats 18, 20 transport

t he pack g]’l the of taﬁ i nspecti o% aﬁg r at usmleo ere the
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pick arms wi th each arm bearing a row of offloading pi ck heads 34, 36,

each pi dke hagly of the inspegtien apearatus 19 for mold swdanadinspectianm paelsndd al i gned

or t hogony HaXe %p%cb@?gégce ?% |§%V§B%| the S’(fdutelaﬁ'oﬁ Y n?;éectl eas?ag$q§ 34, 36.

The row I S opera ve'to ITst and
secosd rhal@omfonemlﬂwﬁlsﬁér%dammsadl rst Iocatlon such as fromthe buffer
15 boats 18, 20 and pl ace the packages 12 at a second | ocation such as at
the offloaders 30, 32. During a pick-up sequence, the row of offl oading

pi ck hegﬁ% o |d%®rﬁb&mﬁ1déeuén thebifel Bl 1 3K RARDOIE! dleKhHESs b ! St

vacuum moves the secon row of 20 'vacuum pads ative to a
second rtowheMigdie lod dfeesinspectonbappsratied 0 wharechheémeaoofﬂwadmg armsda, hogonal

tothel th of, t ckhads 4, _36,. and pck

Cocond 1iiteror hahdi IopeR upBhg fekads L2, TS ipdh wnodiha B 2248458° the
pac H@ge&:oh?pr%eeadtbm@tlbrpﬁﬁﬁ myds@dehppich%rgenﬂutm@a@hm Bdaringl a ré@dfage
orientation alignment to maintain angul ar consi stency of the packages 25

12. Al qfﬂ@aqmmgéseaﬂ@ 3136 WCB ffécﬁoh@%d Hekuging at leg@t brst and chﬁédr

ffl oadi 26
of 1 0203 Bl nBASyBudhan & TULARSOUSEY B 19y dRstoirgci sor 20
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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 the 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 the 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 simultaneously by the gang précisor 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



-8- 28 for inspection before the inspected packages 12 are noved to the
of fl oaders 30, 32. The placing of the packages 12 at the of fl oaders 30,
32 conprises the successive steps of placing the first row of packages 12
onto the offloaders 30, 5 32, noving the second row of vacuum pads 38
relative to the offloaders 30, 32 in8x direction which is orthogonal to
the length of the row of pick heads 34, 36, and thereafter placing the
second row, of s.12 onto th of f | oader Ato 3
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before 1 nspec t the I nspection canera o i nspecti on device
28. 20 In FIG. 3B, the fllpplng pl atform 16 f|IpS all the packages 12 on

th | at | d si f th k
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| NSPRLt | PahsFETGT tﬁe%f in e@@abkag@o@‘frbﬂﬂthedmyplﬁﬁ pﬂé}fdrﬁf 16 /S BRCHUMG t he
packages 12 held t i ck heads 36. The pitc wi dt h between t he pick

heads 36Pgals 38 a%fcélw@@l bysmﬁaeq’m. aﬁdz@fﬂoa@ng@éthﬁ sipgtlatadipackages J2ew of
the i “S%Ctgé c{%@%“?%?obﬁ 8f fhel mﬁe%tn‘aﬂf@fpard?a?%tdfwet he nﬁ’%‘i‘éagﬁsthéz The

packages 1 I ng pla dto I ti onsS 'over one of

t he dual urﬂuédmg ahnalt4stré1&fer3mluthetslrr@wratdd packages 1zntd:1lh@ﬂ|ﬂﬁng ]Bhﬂfofml ppi ng
pl at f or

lovve onto the first buffe 8 whi c celvesthe

B ol at 11 Al REUIET SHIoRNG, 31 ERETHTSPIcEICh NSARS h NS A SPOVR A but f o
boatq5l8 REOEEREISHAAl 18'RhNe a second offloading arm 24 comprising pick heads 36
which are holding the packages 12 proceeds along the x-direction to the gang
précisor 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 inspection
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 flipping platform 16
is lowered onto the first buffer boat 18 which receives 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



direction to the nold surface inspection station 21 at the back of the

I nspection -9- apparatus 10 for nold surface inspection. Inspection of the
packages 12 held by the pick heads 36 of the second of fl oadi ng arm 24
continues at the ball inspection device 28 with the packages 12 being

i nspected singly or in groups by thé&inspection canera. 5 1n FIG 3D
after nold surface inspection of the packages 12, the first buffer boat

18 noves along the y-axis to the mddle of the inspection apparatus 10
under th%OPaF?tIU§t1oofP¥ MU shdacs ImSPeCcan: cRspRctes qiﬁhgﬁéc‘iﬁg%f h?@\ﬁé/ of

packagesind 2ok Rddss 360 lof kinBeadlsnd offlthRingu Ghr 28088niiesNdLARE Bah  he
y-direction so that the pick 10 heads 34 ¢an pick up consecutive rows of
packagesinspediiehaleyiaehizB with dhe packagesi tigbeing inspciedosiegy ©r i groyps Hyy
x-direction towards the offloading stations 30, 32. The buffer boat 18
conti nue etlr&sqe\ﬁﬁgac‘aweﬁe y-direction until every row of packages 12 has
been mi cked up by the offloading arnms 22, 24 and inspection of all the
packages 12 held by the pick heads 34, 36 of the first and second 15

of f | oadi g 1& BB 2fter maldyyfasednsrantionaf dbe packaaessid ithe fiss deffeohodevi ce
28. Si , i . | & p of
si ngul a%%ggg%zdg%sth%gg %Hngg&ﬁ%e'ﬂﬁ%g t!\‘é 'ﬁ acﬁlgﬁ%ﬁfé%ﬁ'&n?gbﬁaég@ t he

si ngul at firgt pflokdingsariri?22mehidH picke dipbond benfore ppive of pheltdgesm 2 Gith IR0 Af t er

havi i.cked f K 12 f the first buyff
poat  10PicK a4 3w Rulteripal 1A o i Viditeciah SOt 185 P 1 or
al 1 ofrenheds 34'an PREKAIShsEAURNEHRR dfipackhodd P2 BafERe ithdRrst bitRadREONd

of fl oading arm 24 has 'noved along the x-diTfection to t first | oader
30 afteramhe?2i prseeds atongf thehs-dingatitrndewartg thel efflogdingestatiansnd0,082.1 oadi ng

Fr anof er 1% TLGeL (P o 2 reniiHa o oder 36 tokayer B trlf S8R Tevor ™ o ¢ ne
ol d surpaskages Ipas saenspiskddip B thé offib@dcdn®f 22, 24 and inspection of
all the packages 12 held by the pick heads 34, 36 of the first and second
15 offloading arms 22, 24 has been conducted at the ball inspection device 28.
Simultaneously, the unloading arm 14 positions the next strip of singulated

packages 12 onto the flipping platform 16.

In FIG. 3E, the singulated packages 12 are flipped by the flipping platform 16.
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 inspection of the
packages 12 held by the second offloading 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



t he i nspection apparatus 10 for nold surface inspection. The first

of fl oading 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 nmeantinme, the -10- second offl oading arm 24 noves to the first
buffer boat 18 to pick up another ond0-or nore rows of packages 12 from
the buffer boat 18. In FIG 3G the flipping platform 16 receives the next

f si | at 5 K 2 1 t I L ng. 14. The dual
O o sepehRosing Sr RS e il BheC T Gk i Sty o
boat 18 behBreroNsCH faKkhGss PAGAPERR thafer bbaimg he second buffer boat 20.

The second offl oading arm 24 picks up at |east one row of packages 12
fromthe first buffer boat 18. In the neantinme, the packages 12 on the

buf f er bpat-, 20 e, transport t e L d _syrface, inspecti gn s{ation
21 for iﬁ'sé):«lét 4, ol BRERRL Pl 16 rrreles, s meyt diolp G SatRista ' 50
and g ocpaskages 1p!fame theanipaginggem 14£ Thé dudi dffléidng arhé 202l prckdgyi ces
according to the inspection results. H, the second buffer boat 20

| In FIG 3H, the
t r anspor 8k thenpagkagesgbs onthed if%'@““fﬁroﬁﬂ% 6% before pigkingnecRackageapldar at us
10 aft j ' f ' ' A first
10, 211 o nbASREEO BULAGOA0Ae! THe GaEnd BRRSBIGEAm 9848 Lot Fe 1115t
anot her ome row ofopackages 1 fioac kisey disst1Buffeni baatt 18 pgadkegesadtinéethd by t he

d of f | oadi 4 ' ted at the hall | tion device 28.
T Pl G eackapes i gdures bonl 20 8f Eendherliedamad SBRRR PaPESIAR caded
to tyg ZQtaﬂcE)/rfl 293@e inspBciitl.| ahalfirseamibading driV22méed ankadfisades JAs been

pi cked up by the first offloading arm22 for inspection and offl oadi ng.
The cycl and r pioceedss.to3place i3 packegesat2 dintthalifferent wofflording gdevieasl 4

receives new sk el p. ' | afed packages 12. 25 FIGs. 4A to 4F
iIIustra?gcoﬁﬁ'gﬂ%F@%g{’?ﬁlqﬁ%ésgﬁ? axes) of a working sequence of the
transfer of singul ated packages 12 fromthe buffer boat 18, 20 to a first

preferred _embodi ment of the offloader in the formof an offload tray 40.
In FIG WG 3. the second buffer boat 20 transports the packages 12 to the middle of

15 the inspection apparatus 10 after inspection by the mold surface inspection
device 21. The first offloading arm 22 is positioned over the buffer boat 20 ready
to pick up another one or more rows of packages 12 while the packages 12 held
by the second offloading arm 24 are inspected at the ball inspection device 28.
In FIG. 3l, the packages 12 on the second offloading arm 24 are unloaded to the

20 offloader 30 while at least one row of the packages 12 has been picked up by the
first offloading arm 22 for inspection and offloading. The cycle from FIGs. 3A to
3l is repeated when the unloading arm 14 receives a new strip of singulated

packages 12.

25 FIGs. 4A to 4F illustrate plan views (in the x-y axes) of a working sequence of the
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 tray 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



row vacuum pads of the pick heads 34 on the first linear offloading arm 22
picks up a first row of singul ated packages 12 fromone of the buffer
boats 18, 20. 30 -11- In FIG 4B, the buffer boat 18, 20 indexes in the
y-direction to a position under a second row of vacuum pads of the pick
heads 34. The second row of vacuum -p&ds on the pick heads 34 pick up

anot her row of packages 12. In FIG 4C, the first pick heads 34 nove over

t he ball inggection device 28 for inspection of the 5 packages 12 held on
t he pi ckinfelé4834he ppfier baatd, Odndexesgn g §-dirpglionte arpositiom yndsr & he
vacuum p, ' I i 38 are
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| nSpast egackials Yiz0helon e Rk Wodseal ARy B Gk dhedss Thepbitdy up @

second row of packages 12 romthe buffer In FIG" 4E, the
first piwidthehthe sacuvsy pads 3Brandhenceathet pigy heads F4omeid &y theeracugm

of f | oade 3 t e Lr of Kk L Pt he,tray 40.
Pl acemenég%sf g? @ig &gliqg%@io [l%nj%n{hﬁﬁ\}és{ §H¥&?§£ |%§§ ec#gﬁﬁééﬁ ﬂgbf?l“{ 8ﬁﬂ\ﬁ d%/h of
the pi ckinspectidn Saneray Aethaosaraé dithd, the @ecesd @ik Medds 36 pidkclp wifitsh of the
pockets of the - tray 40 or other offload nmedia. In FIG_4F;. the offload
tray 40 fovyekeackagesni 9o thg deak bufferdipals 18020 deifis. ¢Re theFIRAINNGY of
packages t Wr .0 oAty tihe. s al Ik | ection
and ﬁ?t cﬂ%&?%g%ﬁd ?)J? tﬁ%g@rt?%%%%ggnégﬁstol%ewgﬁgagﬁsf%éy gg@gnd pi ck
heads 36gmups ahikdutheesecindt piek habts 3Gnpipkaip arsedend cew2dr. padkagesdiZence

from FI Gs. 0. 4F i 5 repeated for the next buffer boat 18, 20 after all
t he pac%ﬁ@iﬁﬁ%” ﬁ(/léc’%é@naﬁffl oaded. 25 FIGs. 5A to 5F illustrate plan
views (in the x-y axes) of the transfer of singulated packages 12 to a

second preferred enbodi nent of the offloader in the formof an
In FIG. 4E, the first pick heads 34 move to the offload tray 40 on one of the

16 offloaders 30, 32 to place the first row of packages 12 into the tray 40.
Placement 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
tray 40 or other offload media. In FIG. 4F, the offload.tray 40 indexes in the y-
direction so as to receive the second row of packages 12 from the first pick

20 heads 34. At the same time, inspection and pitch adjustment of the remaining
packages 12 held on the second pick heads 36 are conducted at the ball
inspection device 28. The sequence from FIGs. 4A to 4F is repeated for the next
buffer boat 18, 20 after all the packages 12 have been offloaded.

25 FIGs. 5A to 5F illustrate plan views (in the x-y axes) of the transfer of singulated
packages 12 to a second preferred embodiment of the offioader in the form of an
offload tube 44. In FIG. 5A, a buffer shutter 42 moves to a receiving position to
receive 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 buffer shutter 42.

After the pick heads 34, 36 have moved away, the buffer shutter 42 moves in the



of fload tube 44. In FIG 5A, a buffer shutter 42 noves to a receiving
position to receive the packages 12 fromthe pick heads 34, 36 after the
packages 12 have been inspected by the ball inspection device 28. The

pi ck heads 34, 36 30 alternately place the rows of packages 12 held

t hereon onto the buffer shutter 42.-1After the pick heads 34, 36 have
noved away, the buffer shutter 42 noves in the -12- y-direction to a
position for transferrlng a first row of packages 12 into the offl oad

tube 44.Y-firegtioggoshpomtion fos diangterane atftset low @frpa&kfage%ﬂ%raig.the ol%agady t o
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t he package ejector 46 Pus es the second row of packages 12 into the
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Poce vesirbdkabe eitior 2 BIBLYTind DaRRASES, 12, DRSS EflsiOBoR sg” T1C
two rovshown pafelicades hFie. 6Eplﬂ$d§1ﬁdckage&3]éd§ter Gprlushds thd)eeebﬁdtmwasfow after
another b the a.cka e eje 4%1 ThE rglge ures fromFI Gs.. 5A to 5F are
r epeat edP@ 'Bq e 9%(351 YRSt ih f(rﬁ)e X- @/‘eé%%)el‘%ﬁtora‘ﬂ‘ﬁ ERIHEIOi ¢ pitch
adj ufg e ﬂ%ft IprﬁiGh %llea{h'é‘ Bufrer huttBr @21 hbwds %{}Tdé E&Heﬁhﬁg?ﬁoﬁ%h Hhgone

i ndexi ng notor 50 according to a preferred e ment e -1 nvention.
The dual recewmaﬂpﬂ'@rﬁwo kows e pagkages 12fom thenpick besds 3dr B Adertgohani sm

pi ok neatunsd pdkaBds IEvare e Jurol e ThOBD G H ae v farcialhd® '
paral | el by megi&kbgé@}dudrh% ofhé pRceaurcefirdh FIGESBHI®H S ardfepeated. adj ust i ng
the pitch wi (p) of the pick heads 34, 36. The driving nechani sm

conprises a pulley systemwhich is made up of a pair of pulleys 48, each

Sﬂc }Q\?’ enl‘-‘%.%ai%id‘&ah%vﬂin TRE &-y-RT BF bh SRtdnfat! SifPOstudhRit Bifdafgers of
arm 22, 24 in a first configuration having one indexing motor 50 according to a
preferred embodiment of the invention. The dual offloading pick arms 22, 24
each comprises a driving mechanism in the form of an automatic pitch
adjustment mechanism for driving the pick heads 34, 36 to move relative to one

20 another in directions parallel 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 mechanism
comprises a pulley system which is made up of a pair of pulleys 48, each pulley
48 having two or more concentrically-arranged graduated steps of :different
diameters. Two or more timing belts 52 are separately connected to respective

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 illustrated 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 onto each
timing belt 52, but two pick heads are preferably mounted onto each timing belt

30 52.



dianeters. Two or nore timng belts 52 are separately connected to
respective 25 graduated steps of the pair of pulleys 48 so that each of
the timng belts 52 has a different pulley ratio relative to another
timng belt 52. In the illustrated first configuration, there are a total
of four graduated steps and four belt8-connected to the four graduated
steps. At |east one pick head 34, 36 is nmounted onto each timng belt 52,

but two pick heads are preferably npunted onto each ti m&g belt 30 52.
- 13- Thelhkg faftieafing arm322, 244 thet Husirateds emhasiment syhibint aeXRli t s a
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graduated step is2n-1 ere n represents an nth |evel of the graduated
step. Theaieobpuleys H8 dsivendy thaindexistg motars8t 10 | evel of the graduat ed
step with the smallest diameter as conpared to a second |evel of the
graduated step of a next larger dianeter is 1:3. In the preferred

enbodi me@enefally,hthe pukey irgtiv \Wheyaeht h@éﬁoﬁrgﬁadlﬁﬂéd |statelis 2061, ahacuat ed
steps, the pulley ratio is referabl 7> corresponding to the 15
di st ancelePERSEHHAN E’fh‘nl@"ﬁ'aﬁ’ it @,gr%@ﬁﬁY@ BdsT "@8%!‘0@38%@ pu erveraaaqu adirstyacuum

pads1038blev§|8$¥1tnetd?§dtpﬁém§] ﬂést@&rgg?é?‘af cérﬁﬁar@é't& Phedrguum pads

38d, 38d pt??e vacuum pads a distance x in
t he respleuello/féhegrarctemtedjsteptdﬁa neixt Engdradiametertisd:3vacuum 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' nove a distance

x, the Vﬁ‘ﬁﬂ%?&?@ﬁe@&ﬁnbé’tﬁﬁle@%'tﬁe |h9é’rﬂ|anWEBVe.e tReréi 8l Rsif 1RUeldXof
(summation of the increase in the inner agltc 2x and the distance

conpensagiadyatedr steps, e pran raifo isnpreferahlve s - &idawearrespanding to the
15  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 to move a distance of 5x so that the
- movement ratio between the vacuum pad 38a and the vacuum pad 38c¢ (and the
vacuum pad 38a’ and the vacuum pad 38¢’) will be 1:5. Similarly, the vacuum
pads 38d, 38d’ need to 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



-X). Therefore, the 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' have to nove a distance of
5x so that the novenent ratio between the vacuum pad 38a and the vacuum
pad 38c (and the vacuum pad 38a' antthe vacuum pad 38c') will be 1:5.
Simlarly, the vacuum pads 38d, 38d' need to nove a distance of 7x, so

(and  neRAEby A SheRmtoriftrae AR (i aR anatya ishdeptBss' Ra, %
resul t, godifesrnEaeHpairds vadiuntpadse8abbsa’i 381, BBb%-38c 88¢'I and 384, 3de. pi tch

width p between the pads 38 is -14- adjustable by a single notor to
achieve and nmaintain an equal pitch relationship between each pair of
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t he 10 Mhxadeed4, I2irpBppoktestigkctiohs tdtahd Wahty §mé8 Wehte in tthe préfafretli ght nost
vacuum pads nanely 38a', 38b', 38c' & 38d'" are connected to_ _the pulley

tinng eNkodimephotthe ipyidion: hedpuelefmoshvagun pads 28 namely 3Basdfh.,, the 15
| ef t ' , ' it
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mei nt ai ARG %fgmbfﬁgtﬁ'?ﬁéff?" e ﬁﬁﬁgkiéﬁnaﬁﬁs@@%%ﬁ,;&gg\é\rgéhﬁptgas 38.
Eachspai|gft Yro¥g AHIMIRAGRHhBrddp 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 especiaily when the pulley ratio corresponding
25 to the distance ratio 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



20 driven separately by an air cylinder 54 along the z-direction such that
each pair of wvacuum pads 38 is novable 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
corresponding 25 to the distance ratlbe of the pair of vacuum pads 38a,
38a': the pair of vacuunlpads 38d 38d'> is substantially |arge such as
1:7. FIG is a plan view (in the x- y axes) of the automatjc pitch

adj ust rrerﬁFOM'PP oﬁg‘i’ RFCAFaRY2 2f EQP'E'W‘"&Q stfc S gradvatedustePsoWithalaae dual

i ndexi NgqigRfcpsrs. 56, 58. Incorporating the dual indexing notors 56, 58
into the automatic pitch adjustnment offloading arm22, 24 30 may help to
avoi d the foregoing problem and hence provi des an i ncreased - 15-
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nountgd rﬁhéﬁnééie/atemh pdils'38%\9738@5BBbaQSWrwm%dtﬁe?s%%onQ?-rﬂiexn@rhoto?% whil e
the second indexing motor 58 drives a second pair of pulleys 62 nounted
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havi ng atwb Gfatiuated steps ewith atach greduaied\,ste]goﬂﬂm fiirst karldesaetonddpaidbot 0 10
nove rel atjve to e anot econd i ndexin tor 58 covers. nore
cycl es tB“'k‘ry @2%?“["'&9( atcﬁléerpegpul alt'Paf%af'Yiﬁg%he 8!‘36’?3% ot a nore
accujgt e Qé'réllbﬁ\l?éﬂﬂoné AnstReR9 so, the second indexing notor 58 noves
faster t e first 1ndexing notor 56. For exanple, if 15 the dianeter

of the first pair pulleys 60 for the vacuum pads 38a, 38a' and the vacuum

pads 38c e th he ratlo,of secand i r, o
Pl Teys. B35 parofh BebRBalfBrae DuBH ite “Rel i solbbuedahiRh oo
woul d bﬁaﬂelm@hﬁ ordehab previdd andre éﬁmreﬁé PositibAingRiINWaing dd)ehdbédand ratio
of <1:3:5: when the first indexing notor 56 turns one cycle, the
second i w@g*mggngtgf 58 mgves faster than the first indexing motor 56. For éxample, if
15 the diameter of the first pair pulleys 60 for the vacuum pads 38a, 38a’ and the
vacuum pads 38c, 38¢’ are the same, the pulley 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 maintain the pulley ratio. of <1:3:5:7>, when
the first indexing 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 method 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



20 correspondingly turns five cycles to conpensate for the distance noved
by the vacuum pads 38c, 38c' and the vacuum pads 38d, 38d'. It should be
appreciated that the preferred enbodi nents of the invention as described
above provide an apparatus and method for handling singulated 25 packages
such as BGA and QFN packages which pdPnit full inspection of all the
surfaces of the packages. Simnultaneous processing of nultiple singulated
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permt simultaneous pick and place of one or nore rows -16- packages 12
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vacuum pads 38 to 5 correspond wit élPI tch required for the buffer

boat s 18deviee 2 and ke ceffipadh tr@é\ﬁQ:eDFZ behd 1 Bier 106iRAderRy3036r tube
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Further, the use of the ball inspection device 28 for inspection of the
packagesthe? packagesr Fr?-t dhe enaralhreast soff thee ingpestion eprasatusn10f caprve

packages cycle tinme significantly. Another tine-saving
factor |§'g§¢ﬁg§nﬁ %H@Séq ‘he gang precisor 26 which allows for sinmultaneous
angul ar alignnment of a row of packages 12, thus nmaintaining consistency

'n the Oﬁhﬁﬁérameot?seogf thg%aﬁ?ﬁskpa tlon égwcg gg fgr |%léggc§|on of the packages 12

15 permits simultaneous five-sides inspection of QFN packages. This reduces cycle

time significantly. Another time-saving factor is provided by the gang précisor 26

which allows for simultaneous angular alignment of a row of packages 12, thus

maintaining consistency in the orientation of the packages 12. The package

hand-over frequency, excluding the transfer from the singulation jig and gang

20 transfer and offloading to the offloaders 30, 32, is reduced 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 packages 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



hand- over frequency, excluding the transfer fromthe singulation jig and
gang 20 transfer and offloading to the offloaders 30, 32, is reduced
substantially. Therefore, the reliability and stability of package
handling is greatly inproved. Additionally, the package yield is

i ncreased significantly since simultddeous nmold inspection, pick up and
transfer of separate groups of the packages 12 are 25 possible with the
erX|b|I|t¥% rOVI ed b the ine
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feature provides a further advantage to the invention as 30 flipping the

packagesless eamplax ecampared gar theoaforensich acieh gt nding! coryessionaparts are ows
easier a 12, since the flat bottom
-17- Surﬂﬁm%?é%rﬁ% ég%g% Qgé%ﬂ%ﬁﬂérgﬁﬁnﬁgqgns 25d of the ball side or
upper5side which typically has conponents nmounted on it. The overal
mechanismutilized |s als | ess co conpared to t af oresai d prior
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vari ations catlons an tlons ot her than those speC| |caIIy
descr i betheainvention snduddsealliisdeh sfﬁﬂeﬁoﬂshaﬂodlflhailqnlsvmd/ODaddlhohmd\dﬂchal | such

variatio dificatjon and/ ns which fall within the spirit
and scopg""Sl W'r‘?ﬂéh%%vta'bi%%ep‘? tgﬁago&%geﬁmt% 1. An apparatus for
transferring a plurality of el ectronic conponents, conprising a row of

pi ck heads operative to pick up the el ectronic conponents 5

simul taneously froma first |location and to place themat a second

| ocation, and a driving nmechani smoperative to drive 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. 10 2. The apparatus as
claimed in claiml, wherein the driving nmechanism conprises: a pulley
system conprising a pair of pulleys, each pulley having two or nore
concentrical |l y-arranged graduated stggs of different dianmeters; two or
nore belts separately connected to respective graduated steps of 15 the
pair of pulleys so that each of the belts has a different pulley ratio
relativ not her belt; wherein at | east one pick head is nounted onto
each beMThe apparatus as clainmed in claim2, wherein the pulley
ratio of a first 20 level of the graduated step W|th the smal | est

di aneter as conpared to a second | evel of the graduated step of a next

| ar ger di.anetdr appalatgs for traasfeping aa uelueditc| ofi wiastionicc|c@MpAEMher ei n

t he puII e

represent%)smgﬁ' Hﬁt%%"é’v‘% CI# ﬂ%ﬁ ?érdag ?qﬁ%(ﬁg attﬁgfl%t@he rWgara us as

cl SI BedeImﬁltérmqmsl& f][oﬁmrﬁrshloeatum &l to plase thmn i3 arseicogd lqw?tibﬁ ad app03| te
si des of, the pair of pu P nmount on

rount i naie: shansl pae b (RdT ﬁ@ye'cgnfapaéﬁoionmo i telatiy8al® PBS ount ed
ont 0 anqigly er'ﬁﬁu(ﬂFéc‘i‘iBnQ%ﬁlcﬁrhrérbé?BﬂQsﬂot5 Ién%ﬁ He"?ov?‘ﬂf' e he%ﬁ&h. t hat
rotation 3 t leys is operative to vet e two pick heads in
opposi t evhireleyta adjustaa pltqrhwldﬁacrbthamdﬂ heads. 6- The apparatus as clainmed in

claim2, wherein the pulley systemconprises first and second pairs of
pul l eys, and further conprises a first indexing notor for driving the

firgqo pa.r offheubpgaratdnds aclgine@nth icRa@xi Nehersiarthbodridhdg \théehdnigmsecond
5 pair of pulleys by different distances. 7. The apparatus as clained in

cl ai m 6,CONHEEEPN the first pair of pulleys and the second pair of pulleys
conprise mul i gk L AMA &SRS a FAF 31 REHEVY dch pulley having two or
more concentrically-arranged graduated steps of different diameters;
two or more belts separately connected to respective graduated steps of
15  the pair of pulleys so that each of the belts has a differe.nt pulley ratio relative to
another belt;

wherein at least one pick head is mounted onto each belt.

3. The apparatus as claimed in claim 2, wherein the pulley ratio of a first
20  Jevel 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.

4, The apparatus as claimed in claim 3, wherein the pulley ratio of each level

of graduated step is 2n-1, where n represents an rith level of the graduated step.
25

5. The apparatus as claimed in claim 2, wherein each belt has two mounting

parts on opposite sides of the pair of pulleys, and 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
30 of the pulleys is operative to move the two pick heads in opposite directions at

the same time.



different pulley ratio for driving the pick heads to nove relative to one
another. 10 8. The apparatus as clained in claim1l, wherein each pick head
contains at |east two vacuum pads so that the row of pick heads is
operative to pick up at |east two rows of electronic conponents. 15 9.

Met hod of transferring a plurality of9el ectronic conponents, conprising
the steps of simultaneously picking up the electronic conponents with a
~row of pick heads at a first location, noving the pick heads relative to
one another in directions which are parallel to a length of the row of

pi ck heagls t ortrdapisdrafisiRist ci&imead ifltdminT 2, vaserBinttke [HRAEY systBm ddiprisdsaci ng
the el ectronic conponents at a second 20 location, 10. Method as cl ai ned
in cl ai nfirst and,peerd pARHPT Bulleyst ard &urther somprispe & firstindg¥ingdnaler fomi c

conpone nhi e ' : ol Nelg l acin
th(rarp el ec rﬁrg}ﬁtﬂeﬁgﬁ%gﬁ{@ﬂ%ﬁé Ita ﬂg%gée%gﬂg "Mc;%gﬁ @ﬁt&ﬁﬁgﬁﬂ‘ﬁf‘%g{% %gcosnfa ep of g25
adj uss i nppirofpuliels by differeft distanpéssk heads before the step of inspecting

the electronic conmponents. 11. Method as clainmed in claim9, wherein the
pitch width of the pick heads is adjusted so as to correspond to a pitch

wi dth of7an offd ggeHatisRILEIMEP FRER M 3, w@eigg_ﬁe ?gﬁ%&rt h@g@k&@ nignt 0

whi ch the el ectronic conponents are placed. - as clainmed in
cl ai m 9, thehsacend paic lof pulryh cathpeiseapnubiple graduated stepsofeaph davinghds

further rises filt. nd.s nd_yvac ads aligned -orth nally to
the. 1 engtRoBt Py i8R S et REsdIonRve R MaTH ol diidhaous
hol djong first and second rows of electronic conponents. 5 13. Method as
claimed in claim12, wherein the step of picking up _and hol din t he

) . . . g
el ectronbc colfifoRRRAAIUS AT AiMedifpFialad . wierain caesRivehead seniginspaicki ng up
fowf l)][ S|to'ie<‘r’:‘ v&LRIFY 1385 GoCRIPRIERIW ofvpldk AddisT i serdfieUtdpieRdD &f the
least two rows of electronic components.

15 9. 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 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 é second

20 location.

10. Method as claimed in claim 9, further comprising the step of inspecting the
electronic components while they are being held by the pick heads prior to
placing the electronic components at the second location, including the step of
25 adjusting a pitch width of the pick heads before the step of inspecting the

electronic components.

11.  Method as claimed in claim 9, wherein the pitch width of the pick heads is
adjusted so as to correspond to a pitch width of an offloading medium located at

30 the second location into which the electronic components are placed.



heads, noving the second row of vacuum pads relative to the second row of
10 el ectronic conponents to be picked in a direction which is orthogonal
to the length of the row of pick heads, and thereafter picking up the
second row of electronic conponents with the second row of vacuum pads
conprised in the row of pick heads:-205 14. Method as claimed in claim12,
wherein the step of placing the electronic conponents at the second

| ocation, further conprjses. the successive steps. of lacing the first row
of 6l ot Fon MIEBRHAHELTSH ™ Cai et PaRid e b Aichrhadbt Gonarsed T e second

| ocat i onowRyY i figk tHeads SaRAE: cBMprkey afrsUuBhAaaskcona! ddduien tpﬁadshﬁligr@df | oadi ng
mediumin a direction which is orthogonal to the length of the Tow of 20

pi ck heaodhogonally Her &ag tlengthl &fi the tew stduiell hensoforelpidiingo e ahdihponent s

onto t h&m%t%@&%lfﬂol%%i it and second rows of electronic components.
5

13. Method as claimed in claim 12, wherein the step of picking up and holding

the electronic components further comprises the successive steps of picking up a

first row of electronic components with the first vacuum pads of the row of pick

heads, moving the second row of vacuum pads relative to the second row of

10 electronic components to be picked in a direction which is orthogonal to the

length of the row of pick heads, and thereafter picking up the second row of

electronic components with the second row of vacuum pads comprised in the row

of pick heads.

15 14. Method as claimed in claim 12, wherein the step of placing the electronic

components at the second location further comprises the successive steps of

placi‘ng the first row of electronic components onto an bffloading medium located

at the second location, moving the second row of vacuum pads relative to the

offloading medium in a direction which is orthogonal to the length of the row of

20 pick heads, and thereafter placing the second row of electronic components onto

the offloading medium.



