-1- SI NGULATI ON HANDLER SYSTEM FOR ELECTRONI C PACKAGES Field of the

I nvention 5 The invention relates to the separation by dicing of electronic
packages formed on a common carrier, and in particular to the handling of

i ndi vidual electronic packages for separation by dicing and for further
processing after dicing. 10 Background and Prior Art During assenbly and
packagi ng, nmultiple sem conductor dice are usually placed onto a single
carrier in array formand processed in bulk for increasing productivity.
After electrical connections are made between the dice and the 15 carrier,
the dice, toSNGAULATION HANBLER $YSIEM FOR-FLECIRONIEIRAGKAGES psul at ed
wi th nol di ng conpound to protect themfromthe external environnent.
Thereafter, the resulting packages that encapsul ate the dice have to be cut
to separmél dfiralhventionne anot her. 20 The separation of the electronic
packages Is typically conducted by sawing. After saw ng, the packages need
to be2further processed, for exanple by washing, drying, inspection and
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During Digh B9éomwitrc Bamiepr aag Hn naati@eiac e tieaireiridling reff individliall @léctrani@ s
nesting jig saw ng approach. The nestin g saw has been one popul ar type

ne J | . or
of sawi MACHRERD T SRPREFHAR lésddicmgmdqugu@aewmewge et disn®d gri d
arrangenment is put onto a saw jig before sawing, and a substrate to be sawn
I's supported on the nest. After sawing, an upper nest is placed onto the
sawn 1pac kBgkgrodriteaed Prier Art al | t he sawn packages and the | ower and upper
nests are carried together to 30 other processing stations by a pick arm
Subsequent processes, such as pick and place and sorting according to

I nspecti ghyfiiepHdsimbR ShPEAERIGIRS hiitiple semiconductor dice are usually placed

onto a single carrier in array form and processed in bulk for increasing

productivity. After electrical connections are made between the dice and the
15 carrier, the dice, together with the electrical connections should be encapsulated
with molding compound to protect them from the external environment.
Thereafter, the resulting packages that encapsulate the dice have to be cut to

separate them from one another.

20  The separation of the electronic packages is typically conducted by sawing. After
sawing, the packages need to be further processed, for example by washing,
drying, inspection and finally offloading. One sawing approach is disclosed in US
patent number 6,165,232 entitled “Method and Apparatus for Securely Holding a
Substrate During Dicing”, which approach may be conveniently referred to as a

25 nesting jig sawing approach. The nesting jig saw has been one popular type of
sawing method implemented in the industry. A nest having a grid arrangement is
put onto a saw jig before sawing, and a substrate to be sawn is supported on the
nest. After sawing, an upper nest is placed onto the sawn packages. Thereafter,
all the sawn packages and the lower and upper nests are carried together to

30 other processing stations by a pick arm. Subsequent processes, such as pick

and place and sorting according to inspection results, are performed in



-2- conjunction with the "nested" packages. The sorted good packages w ||
then be offloaded to plastic tubes, trays or canisters, while bad packages
are offloaded to reject bins or reject/rework trays. 5 However, the
handl i ng of sawn packages in this way_bs conplicated as nests (both upper
and lower) are required during sawing as well as during the washing and
dryi ng processes. The nests can be conplex to fabricate and to use when the

package sicHpuhieAn®ith m&al'rhesté@ypz?ﬂmgés?mrme gorted BBodaekbyed il fien @@c kages
on the carrier becones high. Hence, 9h costs may be incurred for

conver si oifipaded taoplagtie tubias: trays Pecanisigsacwhig bad mam aghafficgded l!i%s equent
handl i ng etup and conversion tinme are increased.
Anot her aSEe%ggH% ?rsr%?ctﬁ?\géﬂgrﬁ:y% US patent nunber 6,446,354 entitled

"Handl er Systemfor Cuffing a Sem conductor Package Device". It discloses

an alternative 15 nmethod of handling packages after saw ng W|thout t he use
of a Resthioigeyerg taandiingt@agawn Hackagps pfaélklag‘efayawomnlwetectarﬂré%&téd by a
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simlar t e per or me Rer such as waski ng an yi ng,

| nspect i andryife pradededs s MHeanests dadr berebiphes taafebricass andtbase whepect i on.
20 In this approach, the substrate is sawn on saw | and hel d by vacuum
only durthgPa¢a@gsr é@és?e%(?m§§v§rﬂ3” 2AY MWK %@m,paeqtggesd%m%tvppw% by
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hel d by acuum ter c the packages are pl aced
ont o 18 hQIonQErspd)ratletsWot baten far rcﬁf'fereﬁt $Jmkége/amuenslbalsemnd Cﬁcbr sabseglary drying
and lead or ball _inspection. Thereafter, half of the packages are put onto
a turnt adladingn F&fﬁh& pame 1sageR HiuR 6Bd@@ﬁvﬁlﬁ'%t"ﬁ‘@cﬂ(§t'§m§?§e‘érranged in
alternating format), while the other half are put onto the second half of
the buffer plate. The buffer plate can

Another approach is disclosed in US patent number 6,446,354 entitled “Handler

System for Cutting a Semiconductor Package Device”. It discloses an alternative

15 method of handling packages after sawing, without the use of a nesting jig saw.
Instead, the sawn packages are either collected by a transfer carrier, or collected
by a vacuum head. Subsequent processes are similar to those performed in
other handlers, such as washing and drying, inspection of the molded surfaces
for markings and lead surface inspection.

20
In this approach, the substrate is sawn on a saw jig and held by vacuum only
during the process of sawing. After sawing, packages are picked by vacuum and
transferred for washing and drying while the packages are still heid by the
vacuum head. After cleaning and drying, the packages are placed onto a hot

25 plate with an array of small vacuum holes for secondary drying and lead or ball
inspection. Thereafter, half of the packages are put onto a turntable with a buffer
plate on top (on which pockets are arranged in alternating format), while the
other half are put onto the second half of the buffer plate. The buffer plate can
rotate if required in order to rotate the packages to a preferred orientation before

30  being picked up by dual offload pick arms for offloading. -



rotate if required in order to rotate the packages to a preferred
orientation before 30 being picked up by dual offload pick arns for

of fl oadi ng. -3- A shortconm ng of the above process is that a conplicated
buffer plate is required in order to acconmopdate the packages effectively,
since some formof guiding wall has to be provided for each pocket.
Therefore, nore expensive fabrication nethods are required. The buffer
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decrease in size (to say, 3mmx 3m) and the density of packages is higher.
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smaller packages (e g 2x2mm and 3x3mm).

15  Yet another non-nesting approach is disclosed in US patent number 6,655,045
entitled “Apparatus and Method for Pick and Place Handling”. Instead of sawn
packages being picked up by vacuum, a gang transfer arm conveys all the sawn
packages to various processing stations with a “sliding” approach. The sawn
packages are slid by a rinsing carrier from the saw jig to the rinsing platform and

20 by a drying carrier for the drying process on the same platform. The packages
are subsequently moved row by row onto a transfer track where the packages
are separated at the track end. Inspection will then be conducted before
offloading the packages to a tray, tube, reject bin or canister according to the
inspection result.

25
A disadvantage of the said method is that the conversion kit to cater for different
packages is complicated, especially for the rinsing and drying carriers. As a
result, the conversion kit can be costly. The set-up and conversion are difficult
as quite a lot of leveling adjustments are required in order to effectively slide the

30 sawn packages across various processing stations on the same platform.



A di sadvantage of the said nethod is that the conversion kit to cater for
different packages is conplicated, especially for the rinsing and drying
carriers. As a result, the conversion kit can be costly. The set-up and
conversion are difficult as quite a |gt of leveling adjustnents are
required in order to effectively slide the 30 sawn packages across vari ous
processing stations on the sane platform -4- Furthernore, only top

| nspect i EurgRImdes PEEY itte therectibe dant bo mronidédashefbdtiven spHakeg oS tias e
supported on the platform Summary of the Invention 5 It is thus an object
of the i PASKESSN afSYRRNIaLOPERPIBECHNsi ngul ation handl er systemfor strips
of el ectronic packages which avoids at |east sone of the above shortcom ngs
of prior art handler systems. 10 According to a first aspect of the

I nvent i or§Surhtmaing of theplhoghitad a si ngul.ati on handler systemfor a strip of

el ectroni c packages, conprising: an onl oader |ocated adjacent to an
onloaaing | ocation for providing an unsingul ated strip of packages for

si ngul at iypR; t i re ' t iR upsi ] at ckages,
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si ngul at isystdnodat steips af eldutrohid packsiges pvhish avogisl sttieastyonde of trgubbbdven
engine; a,  buffer boat for honﬂin sin%ulated packages that have been
renoved §P8H¥PHEUQ%Q£EW9ﬁfqP§P BUSYHE®R- i s operative to convey the

si ngul at ed packages in a fixed relative orientation; a gang pick head for
transferring multiple singulated packages sinultaneously fromthe buffer
boat 100 aAguotding toumr étst desgece;ofaihd nvedfionf theredar providéd aan Hirgulatign

si ngul at ed packages fromthe rotary turret device to containers in which
the si ngﬁlaé‘ﬁ’ ﬁg%ﬁﬁlgé%r & 8t &Y JBIPelronie cBReEAUE St SR d 28s PRIGAUSE t he

i nvent | 0rl‘océt@&ra%jé&rﬁrtevér%ﬁlo%_dfr@ [dcBliod Gt @F‘oviéiﬂg.aﬁw ahsgglLats PRl ae! er
systemfor a strrp of electronic “packages, conprising: a
packages for singulation; a cutting jig for mounting the strip of unsingulated

packages, the cutting jig being movable between the onloading location and a
15  singulation location at which the strip is singulated by a singutation engine; a
buffer boat for holding singulated packages that have been removed from the
cutting jig and which is operative to convey the singulated packages in a fixed
relative orientation; a gang pick head for transferring multiple singulated
packages simultaneously from the buffer boat to a rotary turret device; and an
20 offloader for transferring singulated packages from the rotary turret device to

containers in which the singulated packages are storable.

According to a second aspect of the invention, there is provided a carrier device
for a singulation handler system for a strip of electronic packages, comprising: a
25 plurality of vacuum holes, each hole being configured to hold a single singulated
package; a main body comprising a vacuum chamber which is in communication
with the vacuum holes for supplying vacuum suction force to the vacuum holes;
and a wall located in the vacuum chamber which is movable relative to the
vacuum holes, and which is operative to divide the vacuum chamber into a first
30 portion that is subject to vacuum suction and a second portion that is not subject

to vacuum suction; wherein the movable wall is operative to cease



25 plurality of vacuum hol es, each hole being configured to hold a single
si ngul at ed package; a main body conprising a vacuum chanber which is in
comuni cation wth the vacuum hol es for supplying vacuum suction force to
the vacuum holes; and a wall located_gn the vacuum chanber which is novable
relative to the vacuum holes, and which is operative to divide the vacuum
chanber into a first 30 portion that is subject to vacuum suction and a
second pPQicmlnicBén iof vABLurd WRICASH forlc® tYaGBUTISHEIES HhichMBRE RbPotdipie@Vvabl e
wal | is operative to cease -5- comunication of vacuum suction force to
vacuum hdlyesingiiatss packages. occupi ed by singul at ed packages. According to a
third aspect of the invention, there is provided a pick armfor a 5
singul ati on handl er systemfor a strip of electronic packages, the pick arm
conpri si neoprdihgtbea Bhiek adpestosiuhe eadton atherevite pedvidehahpigk Gfmi!forvacuum
head is further connected to an independently controll able vacuumcircuit.
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Brief Description of the Drawings
15
An example of a singulation handler system in accordance with the invention wilt

now be described with reference to the accompanying drawings, in which:

FIG. 1 is a schematic plan view a singulation handler system according to a first
20 preferred embodiment of the invention showing the basic arrangement of various

modutes of the singulation handler system and materials fiow;

FIG. 2 i1s an isometric view of the singulation handler system as shown in FIG. 1;

25 FIG. 3 is a schematic plan view of a singulation handler system according to a
second preferred embodiment of the invention showing an alternative
arrangement of various modules of the singulation handler system and materials

flow:

30 FIG. 4A is an isometric view of a buffer boat comprised in the singulation handler

system with a vacuum plate on top that is not holding any packages;



second preferred enbodi nrent of the invention show ng an alternative
arrangenent of various nodul es of the singulation handler system and
materials flow, 30 FIG 4A is an isonetric view of a buffer boat conprised
in the singulation handler systemwf§_a vacuumplate on top that is not
hol di ng any packages; -6- FIG 4B shows an isonetric view of the buffer boat
with the vacuum plate holding an array of packages; 5 FIG 5 is a
cross-sectional side view of the buffer boat which illustrates how a
required vacuumforce is generated to hold the packages onto the vacuum
plate; FilG 4B showsnares@matagvisw phthedbidferqas) withclbeaaesiushplate fotdieg r f ace
to face - l.aLi onship and the basic structure; 10 FIG 7 is the
isonetri?aﬁégy%fET%§gg%hg pick armshowing its standard base part and its
conversion part; FIG 8Ais a top view of the conversion part of the gang
pick armthat is 15 configured for the pick-up of six packages in a row,
FIG 8B iFdGa® e sressussstionabsidendienonl ties puflephpat whish Rystratesshew\aicuum
pads for i i > : i i i i the gang
Dok ar mreninia vty YRR B8RSt T hit (S paBiites SORRRE yRctLATbRte: "D TX
armpick head; FIG 9 is a plan view of the rotary turret device show ng the
basi ¢ arrangenent of its conponents; 25 FIG 10 is an isonetric view of the

rotary t l'fﬂ@_e@ 'gen erd vigwsor the duabgarg gick @W%FW‘HE‘%@&FF f@FPItBefaF%Pﬁ’B
Show ng_ daRtdr rEREniMp NG BaskeRiufes! at1 onshi p and their basic
10
FIG. 7 is the isometric view of the gang pick arm showing its standard base part

and its conversion part;

FIG. 8A is a top view of the conversion part of the gang pick arm that is

15  configured for the pick-up of six packages in a row;

FIG. 8B is an inverted view of the conversion part showing the six vacuum pads

for carrying six packages;

20 FIG. 8C is an isometric view of the gang pick arm illustrating individual vacuum

control valves for each gang pick arm pick head;

FIG. S is a plan view of the rotary turret device showing the basic arrangement of

its components,

25
FIG. 10 is an isometric view of the rotary turret device;
FIG. 11 is an end view of the dual offload arms showing their face to face co-
center relationship and their basic structure;

30

FIG. 12 is an isometric view of the dual offload arms;



30 FIG 12 is an isonetric view of the dual offload arns; -7- FIG 13 is a
front view of an offload armillustrating small vertical novenent of an

i ndi vi dual vacuum head for pick-and-place actions; 5 FIG 14 is an enl arged
sectional side view of an individual vacuum head of the dual offload arns;
FI G 15 shows the working sequence of a vacuum head conprising a snmall

rel ease-assist pin inside the collet holder of the vacuum head; 10 FIG 16
shows a possi ble offload configuration of an offl oadi ng device according to
the preferred enbodi ment of the invention, FIG 17 is an isonetric view of a
tray of f IFd@dds:is afprtvgw oBanoifigad awndlusirativg smadivesticad mevernentyofan ng

| comot 11 R LEGHE bREd 1Snick RABER TSI TY (put onto the tray 20

carrier; FIG 20 is an isonetric view of the tray being adjusted on the tray

carrier to renove clearance between the tray and the tray carrier; and 25
FIG 21 iRGalérissan selergeshaectionsl sidawiew phantindiyidsal vaegunsnheatk of thg

carrier i fyurther illustrates a linear notor that is coupled to the
tray car%@fsﬁlﬁgﬁeﬁr{%d Description of the Preferred Enbodi nents of the

I nvention 30 A first aspect of the invention relates to the overall working
met hod and sequence of the singulation handl er S£stem for the singulation
of strip$lef Bshewscheowpeingceayesce Wha agcaam dead FampasiRdgesM#EI G 1 is

a SChemtrél%ase-assist pin inside the collet holder of the vacuum head;
10
FIG. 16 shows a possible offload configuration of an offloading device according

to the preferred embodiment of the invention;

FIG. 17 is an isometric view of a tray offloader;
15
FIG. 18 is an isometric view of an empty tray being loaded onto a tray carrier by

the push of a tray kicker,;

FIG. 19 is an isometric view of the empty tray when it is fully input onto the tray

20 carrier;

FIG. 20 is an isometric view of the tray being adjusted on the tray carrier to

remove clearance between the tray and the tray carrier; and

25 FIG. 21 is a cross-sectional end view of the tray carried on the tray carrier which

further illustrates a linear motor that is coupled to the tray carrier.

Detailed Descrintion of the Preferred Embodiments of the Invention

30 A first aspect of the invention relates to the overall working method and

sequence of the singulation handler system for the singulation of strips of



pl an view of a singluation handl er system according to the preferred

enbodi nent of the invention showi ng the basic arrangenent of various
nodul es of the singulation handler systemand materials flow FIG 2 is an
i sometric view of the 5 singulation hgndler systemas shown in FIG 1. A
magazi ne onloader 1 is on the |left hand side of an onloading |ocation to
provi de an unsingul ated strip of packages to a singulation or saw engi ne 2

and a saWciBAR Fhckddes SN B@@tsﬁrarma@wlfabksgé@r iGN & Buidremdtibl e
nmodul e 3, 10 inspection and turret nodule 4 and of fl oading nodule 5 on the

ri ght haplansiiew offa singleaan handiatsysten egeendingitdthertrefametyeabedinaea nount ed
onto the oader .1 aw.enqi.ne, 2 .and s h ler 3 , caryi ng
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as fol | owmgulbtiohhfandnsy sygteratRd shtdrRlofloRadi ey osisizh isbétrid ViR of tegazi ne 6
at the position of the onloader 1 |located on the left hand side of the

onl oddi nginguladiondandlersystan @s shewnsiaviiéndine 2, and is then brought to a
strip precising station 8 at 20 the onloading location by a loading arm7 so
that the position of the strip may be oriented to a predeterm ned alignnent

Wi th respegiagdaging eHidadee 1 iig cruehe asf shaaWsidel Bf ahhenadardeicatiohstd ocat ed
at the side of the onloading |ocation such that a material flow direction
of the uREIVigRIRALESINAUGtEd Sirihat Ragageasdotahsingdlabaniaigaw eeainechand & n a
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is generally parallel to the "left to right" material flow direction. 2. The
| oadi ng Hiendaw Enginep? ckoadingtand unicgdieg arms areamaurtegnentertse omoagerilp to 30
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and the s@gulation handler system.
15  The working sequence is as follows:

1. The unsingulated strip of packages is input from a magazine 6 at the
position of the onloader 1 located on the left hand side of the onloading location
leading to the saw engine 2, and is then brought to a strip précising station 8 at
20  the onloading location by a loading arm 7 so that the position of the strip may be
oriented to a predetermined alignment with respect to a cutting jig such as a saw
jilg. The onloader 1 is located at the side of the onloading location such that a
material flow direction of the unsingulated strip of packages to the onloading
location is in a direction substantially perpendicular to the direction of movement
25 of the saw jig between the onloading location and the saw engine. The
orientation of the input strip is such that that the lengthwise direction of the strip

is generally parallel to the “left to right” material flow direction.

2. The loading arm 7 then picks up the aligned strip and transfers the strip to
30 a predetermined loading position of the saw jig located at the chuck table 9 of the

saw engine 2. The saw jig is movable between the onloading location and the



singulation |location at which the strip is singulated by the saw engi ne 2.
Vacuum suction in the sawjig will build up to hold the strip, and then the
strip will nove towards the saw engine 2 for the sawi ng process. 5 3.
During the sawi ng process at the saw eggine 2, a second new strip of

unsi ngul at ed packages will then be input as nmentioned in step 1 and w ||
remain at the strip precising station 8 after alignment while the first

strip Unds?ﬁ §fon RREAOE at Whidh td sﬁﬂaq'%&!ng |at8d I fsaW'@nélhé%t Vhédun the

unl oading arm 10 w1l be ina stan ositio ovet hHe predeterm ned
posi tion suctlt)hen dhaisaw jidall dugd upstot leoldtheisdrip, eanch(h‘wn thepsiripnwilli mevef t he

unl oadi 2&9 for Bl cki 3? ughthe st rllp 5. After sawi ng, the chuck table
9 will X Y PRORSS NS SN PI95ePS 15 the predet er ni ned

unl oadi ng p05|t|on with an orientation such that the sawn strip's
| engt hwi se direction is perpendicular to the main "left to right" materi al
transber 3i r eddurimg th’@@aumhg)@ﬂngpSaaMfrﬂ)sam enginek2, up selcondhrew sinp pdckages

with a vacuum hol es arranged in t tern as the
backages UEEUREd harkenss i Tt bRdRAY ERIFEheH dn st TAiL AT teiainG” of
the saw 24 @1@95@@ Bred‘iﬁﬁgestaﬁ&? §'aﬁGH|a@ibﬁﬁ’weﬁ@%&E%@rfﬁstpgﬁ?)eﬁﬁ@ébgolébcked up
in the sanme relative arfangenent as théy were arranged on the strip before
si ngul atisawing. The |loading arm 7 will then place the second strip on the

saw jig on the chuck table 9 when the unloading arm 10 noves away fromthe
chuck table 9 25 and the second strip will undergo the saw ng process. 7.

The vacuum heagsgfddriy 'sJQM?dbflghé”fﬁEtlgtrw lthe tUitGadifgt & D waisbenp and
drying station 11 where surface cleaning by watéer (or other fluid) and
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t he packages. Ri nsi ng of the top -10-
5. After sawing, the chuck table 9 will move the saw jig and the sawn strip to
15 the predetermined unloading position with an orientation such that the sawn
strip’s lengthwise direction is perpendicular to the main “left to right” material
transfer direction. The unloading arm 10 wiil pick up all the sawn packages with
a vacuum head having vacuum holes arranged in the same pattern as the
packages comprised in the strip, from the saw jig on the chuck table 9 of the saw
20 engine 2. Hence, the singulated packages are preferably picked up in the same

relative arrangement as they were arranged on the strip before singulation.

B. The loading arm 7 will then place the second strip on the saw jig on the
chuck table 9 when the unloading arm 10 moves away from the chuck table 9

25 and the second strip will undergo the sawing process.

7. The vacuum head of the unloading arm 10 will then go to the washing and
drying station 11 where mold surface cleaning by water (or other fluid) and drying
take place while the singulated packages are being held by the unioading arm 10.
30 The washing and drying sequence and cycles can be programmable in order to

achieve the best cleaning and drying quality of the packages. Rinsing of the top



side of the packages is usually already done during sawi ng as the cooling
water for the saw bl ade can clean the top surface of the packages. 8. Wile
t he unl oadi ng arm 10 hol ds the packages by vacuum secondary 5 nold side
drying can be perforned at the air kn_i{(f_ 12 next to the washing and drying
station so as to increase the dryness of the nold surface of the packages
such that the subsequent mark inspection on nold side of the packages w |

not be asfiééafﬁfépé&a%esﬁa%s@aﬁgﬁéqégdp@bﬁe%.Tnpesatmhgaéy the HdinYiatepo to
one of two carrier déevices such as buffer boaf's 13,714 |ocated at the left

hand si ddoobthetdaav hiaddl ecan clasd tite topvsieTaaehes thapasliagesiel d by t he vacuum head
of the unloading arm 10 cones into close proximty with surfaces of the top
pl ate of the buffer boat 13, 14, the vacuum of the buffer boat 13, 14 wll

be activaged anfiisthRs turll@ad lsarirhﬁlohﬁam@@k@%%m@eégg vatRmell S&cordant 0. The

vacuum of the unl oading arm 10 w then be rel eased to atnospheric
B'nign@mtéasi ng.

pr essfr e, moldi $ide tdigingaean e gierfareneguatf the diodnife3|2 next o the was
Eventual | y,. n.t he vacuum of t ffer t 14, re s.a

cat1 st actHp8I Rt £ £ 8Tk st Hie Mes Ak dotesiack SR hatupes 10
drops to guchahhBiRCé@sequenemdrk ayspriibAlon bR Bidensf theqshdkagas lwill et
packages will 20 be conpleted. 10. The buffer boat 13, 14 wll then carry

al | the diengfigcie@d packages in a fixed relative orientation to a center
line of pick and place in the handler. Preferably, the singul ated packages
are conveyed in the same arrangenent as they were 25 arranged on the strip

befong sigigul aﬁH@@acl@a%@é heRf b’;litheklﬂhlbﬁéin%5amﬁ 8yili 0@ tte chrab @F awot B&rrigef f er
boats 13, 14 and will be activated when the buffer boats 13, 14 pass under

them i n cleyiestsudhuas heffetbpatshd pht keepted attee Iaft hardisida of s haadigr 11 st op
uhen he b, B lng 0065 L B BRI tbo Rl RS 810 2o
\rlnmalclkaggsSﬁ@mﬁip@g@umﬁr@ximiﬂywrbyurﬁmmn@ top Phee lof &S buiffenbedt 1hegpackages
the vacuum of the buffer boat 13, 14 will be activated and start to suck the
15  packages on the unioading arm 10. The vacuum of the unloading arm 10 will
then be released to atmospheric pressure, while the vacuum of the buffer boat 13,
14 will keep increasing. Eventually, when the vacuum of the buffer boat 13, 14
reaches a satisfactory level (say -60kpa) and the vacuum of the unloading arm
10 drops to a satisfactory level (say -5kpa), the transition of all the packages will

20  be completed.

10.  The buffer boat 13, 14 will then carry all the singulated packages in a fixed
relative orientation to a center line of pick and place in the handler. Preferably,
the singulated packages are conveyed in the same arrangement as they were

25 arranged on the strip before singulation. A pair of air knifes 15 are located above
the buffer boats 13, 14 and will be activated when the buffer boats 13, 14 pass
under them in order to further dry the packages. The buffer boats 13, 14 will stop
when the first row of packages held thereon is at a position where the gang pick
arm 16 (along the pick and place center line) is able to pick up the packages by

30 vacuum in a row by row manner. The transition of the packages will be similar to
that between the unloading arm 10 and the buffer boat 13, 14.



t hat between the unloading arm 10 and the buffer boat 13, 14. -11- 11. The
buffer boat 13, 14 will index one row forward when the first rowis picked
up by the front and back gang pick arns 17, 18 alternately. If the nunber

of packages per rowis not nore than the number of the vacuum pads of the
pi ck 5 head of the gang pick arm the whol e row of packages can be picked up
by one gang pick arm 17, 18. 12. Wil e the sawn packages are goi ng through
the handling processes and the second strip is undergoing a sawi ng process
in the saw engine 2, the third 10 new strip will undergo the cycle

begi nni ndl 1 r orhtet bpffar beehds, 1ﬁumdh lpdexsatnueu ;m fonvard awb@n Koel fU%ioINJW is

| t 3., The t b th
Gl oadh nd g ¥ B 1o Tophand ARk S0 RCbaBRe (17e 1o te TR ABES! n o
stand- by Jp@akkagus her rdv@% r%t%orelﬁ]a%pth@fndrmer&ﬁ%e Raekagesady of e daeond
strip (repeat from step 5 11). 14. The vacuum heads of the dual gang pick

arms 36 (head cftthergantrpink aamu themhole raw of packggeshear berrickethep fiyckneand

pl ace center l.ine, 'Iih/,ex will continue to pick up the packages in a row by
row manné?" ng?‘? f"ma ' gws of packages are 20 picked up by the front and
back gang pick arnms 16. 15. Wile one gang pick arm 17, 18 goes to pick up
packages fromthe buffer boat 13, 14, another gang pick arm 17, 18 noves
t he sawn TFS’acké[MbEbe thenanws panlqaeﬁsmfmmgamrppgbdbg dding Hprasesr@skand

Forary. t g Seched st 5 URGBEBP 3 selnB ety R R e 2 O R e s 16
wi 1119 1 Stewd8trpviloan@érgolthe BPIIK HeafifRg o # iHonHEYcanehuisle staps a whil e

for marking and nold surface 1nspection. 30 -12-
can be worked upon simultaneously.

13.  The unloading arm 10 will go to a position above the unioading position of
the chuck table 9 of the saw engine 2 and be in a stand-by position for the pick
15 up of the sawn packages of the second strip (repeat from step 5 to 11).

14.  The vacuum heads of the dual gang pick arms 16 (one at the front and
one at the back) share the same pick and place center line. They will continue to
pick up the packages in a row by row manner, until all rows of packages are

20  picked up by the front and back gang pick arms 16.

15. While one gang pick arm 17, 18 goes to pick up packages from the buffer
boat 13, 14, another gang pick arm 17, 18 moves the sawn packages towards
other downstream processes such as mark inspection at the mark inspection

25 module and then offloading them to the rotary turret device 20.

16.  All packages held by the dual gang pick arms 16 will first go on top of the
mark inspection station 19 and stop for a while for marking and mold surface
Inspection.

30



17. After mark inspection, the gang pick arm16 wll continue to nove
towards the right hand side to a position above a package coll ecting
position of the rotary turret device 20 where various processes wll be
perfornmed. 5 18. The packages on the _wacuum head of the gang pick armwl|
then be transferred to the vacuum head at a pl acenent position (1) (the one
along the pick and place center line) of the turret one by one, as in step

10. 19. After A rharkShspe@iondehd §ahd ikl &hd @8 Wik cantibiié & mtedwahead 48,
the gang 10 pick arm 17, 18 will i ndex one package pitch to the next

package He¢ digblhame sidgaliega ppeikioarahoye a packagel eoliegting pesitipniafitherol@eyi ce 20
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until all packages held by the gang pick arm 17, 18 are released to the
vacuum heads 48 of the rotary turret device 20. 21. After receiving one
packafe, the rlheaprgckagaseendiei vacwron \igad sfidhee gangepigk arsn Wil thenibe t her
segnent s u +the L et
devi co. 20T, RE RIE B8RuGHR, hERL KPS MBLIRRHE o5bRR A TR ¥ne ot 6

si mul t angnekshid platel demiterding) fof tred tupret oneibygommdigl ia stdp flor packages
positional correction, ball or |ead side inspection nodule 22, a package
orientation nodule 23, a five-side inspection nodule 24 for QFN packages

and & Seoqnd BGEALI: JRIULE 2RRERR BE) I KA Rell 48U e 8404 020 N

arns 26 at 'a position alon same p ace centet 22. The

dual 10f f Ippadiang €7, B8 26il adeaobnangaitage pitchi t thar nertnpackaae hbld Byahe gang
pick arns 16. Wiile one offload arm27, 28 with multiple vacuum heads (four
in this @8e)Piskiaraci/pdBrabies the miaphluretdrmien Qdotates Lna sRITENHER ti on
30 (13) oty f dgwi e~ | ace
center I??\rerF {h%ahot heérlc%ﬁlh(;%tgg fggnq?ggg(}g%é%gﬁg&ﬁ#gg@gg@dplggﬁéa@;??o a
cont ai nemenhpatkagey - 13-

15 20. Repeat step 14 to 19 until all packages held by the gang pick arm 17, 18

are released to the vacuum heads 48 of the rotary turret device 20.

21.  After receiving one package, the rotary turret device 20 will successively
rotate by further segments and the packages on the vacuum heads of the rotary
20 turret device 20 will go through different processes at different positions
simultaneously, including a first précising module 21 for packages positional
correction, ball or lead side inspection module 22, a package orientation module
23, a five-side inspection module 24 for QFN packages and a second précising
module 25 before being picked up by dual offloading arms 26 at a position along

25 the same pick and place center line.

22.  The dual offloading arms 26 are arranged in a similar manner as the dual
gang pick arms 16. While one offload arm 27, 28 with multiple vacuum heads
{four in this case) collect packages from the vacuum heads at a pick-up position
30 (13) of the rotary turret device 20 by vacuum along the pick and place center line,

another offload arm 27, 28 releases the good packages to a container which may



conprise either a tray, tube, canister or other offloading nedia 29, 30 and
bad packages to a reject bin according to the inspection results of the
mar ki ng and/or ball or |ead inspection. Al the offloading positions of the
of fl oadi ng devices 29, 30 are on the ganme center line of pick and place. 5
23. The cycles wll continue until all the strips in the onloader 1 are
processed. However, the first aspect of the invention is not limted to the

sai d stridgprhpiaég itk 8ctdyNubdhésdlsted or GteaNyRBatRgy madlaped3gtdddpad®f
packages fromthe left side of 10 the saw engine 2 to the right side of the

saw engi rreaczag%@ agejert finsaseardingcto thednspacdan sesdtsoiigel raerkiig Aaderer

system a t on f how ng
an al ter(rﬁ I| ve Pr'ﬁﬁé%&?oﬁ} ﬂl%gro%({%euqn%ggg?ghg%?tthﬁgfi d{ﬁﬁ?o%hg%agrs’ldl er
syst em angD gr € tied Sainksntdiim 8ad pieoader 1 is placed in the front
of the saw engine 2. 15 The onl oader 1 |s | ocated such that a material flow

di rec®ion of an unsingulated strip of packages to the onloading |location is

N a di regli Onriglstall LAl it 8) ind QiSa9hd BEfEAR ATarBRGERRL 0! Lhe

saw jig b I"'oadi ng posi ngi ne ingly,
the strips are rotated by 90 degrees as conpared 20 to that shown in FIG |
such that a strip is input so that the length of the strip is perpendicul ar
to the mdilewayglerthgfirsy 6§\P%ﬁtr‘éfcmeolf§“/§ﬁ80'ﬁ)a$ ot dimiteg théhe said strim ipput

or'! ent at | Acibh ShnRANE 0B8R Ak RGP SOl FRaLLO% PR Ik 20 o

unl oadi ng™ ar ns, reci si eani ng

stat fgn athe séva@egnnmz tbetheafyhttdide @a\bh@rsgvmen@narm tr—hn@ Saie ahanblématlsystem
3, 4, 5whichis simlar to. 25 the saw handler system shown in FIG 1. As

shown i n MERG, vigw 9f1@ istiatinn th@@dlﬂﬁswﬁé@nnaﬁ@@p@mg B %fsqs‘@arda@@gfeeaﬂ be
L:]Fg]ad?ng@rgﬁé%'u e. éﬁﬂ%rm\}erlthea%ﬁ&gﬁ; %Pg%ﬁérﬁ%%@far?ﬁrﬁ%\éﬁ%&?g* S@nggdl cul ar
to that ohotibles of the singulation handler system and materials flow. The magazine
onloader 1 is placed in the front of the saw engine 2.
15
The onloader 1 is located such that a material flow direction of an unsingulated
strip of packages to the onloading location is in a direction substantially paraliel
to the direction of movement of the saw jig between the onloading position and
the saw engine 2. Accordingly, the strips are rotated by 90 degrees as compared
20  to that shown in FIG. 1 such that a strip is input so that the length of the strip is
perpendicular to the main material flow direction and parallel to the sawn strip
orientation after sawing. Separate modules for mounting loading and unloading
arms, accommeodating the précising station and the cleaning station are placed in
between the saw engine 2 and the saw handler system 3, 4, 5 which is similar to

25  the saw handler system shown in FIG. 1.

As shown in FIG. 3, the input of the unsingulated strips of packages can be from
a magazine onloader 1 located at the front of a new loading and urloading
module. However, the orientation of the onloader is perpendicular to that of the
30 first embodiment. Hence, the second embodiment of the working sequence has

a different loading and unloading sequence that will be described as follows:



30 first enbodi nent. Hence, the second enbodi nent of the working sequence
has a different |oading and unl oadi ng sequence that wll be described as
follows: -14- 1. A strip is input froma nagazine onloader 1 in an
orientation such that the |lengthw se girection of the stripis

perpendi cular to the overall "left to right" main material transfer
direction. 5 2. A separate nodule, nanely the | oading and unl oadi ng nodul e
which is placed in between the saw engi ne 2 and the handl er nodul e,
consists of loading and unloading arns 7, 10, a strip precising station 8,
a cl eani g st &t Biip isinRutdTem & magaainehemegaderd! ¢r an r‘:@enéﬁiwrasw‘c%ﬁélm%/ mol d

oes. i nt ARENEE MibPa g st e el & nedebel BRUIRAETRGRTS

pr edet er mhaedapiraefepdir@ttionThe orientation of the input strip is in such a
way that the |l engthwi se direction of the strip is perpendicular to the
"leftSto right" main nmaterial flow direction. 15 4. The loading arm 7 then

i ck h | i tri : tr : i ned
oadi ng. posi t rorobnr S Bty B R EIdding i LBopRind i W 2. e
ori ent at ipktelf int Bweaw thé adnengiRe Kah@ e hAndlee nidd L esbrisistsraf fdadiigat  of
the input strip. The vacuumof the sawjig will build up to hold the strip,

20 and t adsinlpadingiarmsoie! Q. chalrigsorerisingasiation & Recleaninggtaiatéddmort The

i ol nopis apn g s ot b ERieirt Pkl sBled st in el buffer hoat s

13, 185 14, the transfer of sawn packages fromthe unloading arm 10 to the
dual buffer boats 13, 14, and fromthe dual buffer boats 13, 14 to the dual
gang pi cid-ar nd hesstriprihat iaAnput Bami thenerlopdeyilegpes intocther sléip BIEEISIRG i n t he

formof g Qi €lHaP&the strip is aligned to a predetermined orientation. The orientation
of the input strip is in such a way that the lengthwise direction of the strip is
perpendicular to the “left to right” main material flow direction.

15

4, The loading arm 7 then picks up the aligned strip and transfers the strip to
a predetermined loading position of a saw jig on the chuck table 9 of the saw
engine 2. The orientation of the saw jig and chuck table 9 are aligned to match
that of the input strip. The vacuum of the saw jig will build up to hold the strip,

20  and the strip will move towards the saw for the sawing process.
5. The remaining sequence will follow steps 3 to 23 of the first embodiment.

A third aspect of the invention relates to the design of the dual buffer boats 13,
25 14, the transfer of sawn packages from the unloading arm 10 to the dual buffer
boats 13, 14, and from the dual buffer boats 13, 14 to the dual gang pick arms 186.

FIG. 4A is an isometric view of a carrier device in the form of a buffer boat
comprised in the singulation handler system with a vacuum plate on top that is
30 not holding any packages. The vacuum plate 32 is a simple plate with an array

of small holes 33 to hold packages in the same pattern as they were created on



conprised in the singulation handler systemw th a vacuum plate on top that
is 30 not holding any packages. The vacuum plate 32 is a sinple plate with
an array of small holes 33 to hold packages in the sane pattern as they
were created on -15- the strip. One s | hole 33 is used for holding one
sawn package 37, and no conplicated guiding is required. Side barriers 36
al ong the sides of the buffer boat 13, 14 prevent packages 37 from dropping

of f the y C?“at eéﬁan hIS 3B ushPRst rﬁﬂmp@%ﬁé Eaﬁnvﬁé‘dﬁa% 5#%:@&5& boat

vvlththe vac l'ding an 5 array of ~packages. The“transfer of
packages dunmphcatﬁbcbgdldm & nequiresic uBidenbadiers Ienalongcthensigeatod thefoulfee of t he

buf fer re as fol oad arm 10 ose

or oxi i LR, TADTeUEl RRRagR s semaaraing orifle SoEbvR Pata2 TS 43°°5

Af ter th%h\b%ublﬁ‘ BHATSRD vithy [RehE U iRl Batwitis, thé“vdo%u?r?tdlatétﬁ‘&d|n\gaﬁf4um at

t he vacuum head of unloading arm 10 is reduced and thus sawn packages 37 15
can bé t rarafefrpankagest he vacuum pl ate 32 without significant dislocation.

3. The | oaded buffer boat 13, 14 then noves into position for the pick-up of
t he sawn packages 37 by the gang pick arns 16 as nentioned above. 20 Anot her

buf f er bopHe ttansféft oPphtkddearrdn Jnﬂ)ai\iﬁg; aﬂﬁ*éwa%%m head t@the PaQamh Piate

packages 37 fromthe next  sawn stri ter all packages are transferred to
t he gangnfmn@kofethmbyﬁerwhetsmralastfoflam boats 13, 14 receive packages from
the unloading armand transfer packages to the gang pick arnms 16
alternately in such a manner that mnimal delay, if any, is encountered

during the 25THd Qﬁﬁﬁ@lfﬁgahfrﬁm G)f:oﬁn@@ iﬁ&ﬁlﬁl@géspr%zlm:? ﬁith'\’_’thbsvébuum plate
cross-sectional side view of the buffer boat 13, 14 which illustrates how a

requi r ed daefieme ebthedufter poats a&e‘d‘lto hol d the packages 37 onto the vacuum
pl ate 32. The singul ated packages are transferred fromthe buffer boats

2. After the vacuum suction of the buffer boat 13, 14 is activated, vacuum at
the vacuum head of unloading arm 10 is reduced and thus sawn packages 37

15  can be transferred to the vacuum plate 32 without significant dislocation.

3. The loaded buffer boat 13, 14 then moves into position for the pick-up of
the sawn packages 37 by the gang pick arms 16 as mentioned above.

20  Another buffer boat 13, 14 will then go to a standby position for unloading
packages 37 from the next sawn strip after all packages are transferred to the
gang pick arm 16. The dual buffer boats 13, 14 receive packages from the
unloading arm and transfer packages to the gang pick arms 16 alternately in
such a manner that minimal delay, if any, is encountered during the

25 transportation of the packages 37.

FIG. 5 is a cross-sectional side view of the buffer boat 13, 14 which illustrates
how a required vacuum force is generated to hold the packages 37 onto the
vacuum plate 32. The singulated packages are transferred from the buffer boats
30 13, 14 to the gang pick arms 16. The vacuum ptlate 32 of the buffer boat 13, 14
as shown in FIG. 4A is made of a flat surface on which an array of small through



30 13, 14 to the gang pick arns 16. The vacuum plate 32 of the buffer boat
13, 14 as shown in FIG 4A is made of a flat surface on which an array of
smal | through -16- vacuum holes 33 are arranged to match the positions of
the array of the packages of the sawywglirip unloaded fromthe unloading
arnms 10. Each vacuum hole 33 is configured to hold a single singul ated
package. A vacuum path 41 connects a vacuum chanber 45 in a nain body of

the buffefachoat hbles 18 tate aarka U6 SR ehd JposTtishsy @ Uhen ahragbef td is in
conmuni cation with the vacuumholes 33. A vacuumregulator_ 42 is operative

to contr dlackpgey gt thmpaws st vplogdedfiam e uRlceRgpARYGEs BACh Y4@IUR ansf er
process '@A@%Bf Q! &@i@;r&idgr@i@faeéiﬂafﬁngipéb{a;%d %%%?ée.p%%%ﬁ@ dap Ryt ter

boat 13, TOVES posi ti 0 I rst?fow o packages are
al i gned widnhetfsea piackiuandhainbee 45ciend enaihi tnedys ot thd baffet beatldd) 1gatoga pi ck

arnms 16 can pick up multiple packages sinultaneousl é’&ﬂa)' Duyring
t r ansBor tECHBA §PUEGFe 43uf fidle Maedumachamber 4R8; gnins seBUNdRgatien Wit the

package t oRyt h i : : f !Pt@m t he
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the suctfome tbyeappiied dretrar pagkagesATal ThdtrbesfeB pradeat iaae folows:ai ned at a

hi gh vacuum (say -5CkPa) by a commopn vacuum source, e.g., vacuum generator
or vacuum punp. 20 b) Wen a pick head finger 40 of the gang pick arm 17,

18 cones 4 nto r 0¥y ] va t 2 ~Of oat 13,
14 and co1rit act-ler%;1 ﬁgl%rpogcfggégs@%t ﬁfebﬁ%‘f%ﬁ?g fgggﬂeﬂgﬁ ﬁaz 1;):’?101@5*{55\]% rtlca)mgt he
vacuudf plpss@icBwhere thedficédowiajrthé ipeekages bye négned mdtht the piak @aooh plaessur e of

t he buffer boat 13, 1 5 to, a level (say -1 OkPa).such that the pick head
e ekt ngbsuch thel nk SuBh ESRS RISk 3 Y6059 Bicksp rhalhia ackBass,
vacuum ( sgwynhQdiily. The vacuum reduction of

a) During transportation of the buffer boat 13, 14 at high speed and during

15 package transfer from the unloading arm 10 to the buffer boat 13, 14, the
packages on the vacuum plate 32 of the buffer boat 13, 14 are held firmly by the
suction force of the array of small holes 33 that are maintained at a high vacuum
{say -50kPa) by a common vacuum source, €.g., vacuum generator or vacuum
pump.

20
b) When a pick head finger 40 of the gang pick arm 17, 18 comes into close
proximity with the vacuum plate 32 of buffer boat 13, 14 and contact the
packages, the holding force on the packages from the vacuum plate 32 is
reduced significantly by reducing the vacuum pressure of the buffer boat 13, 14

25 toalevel (say -10kPa) such that the pick head finger 40 can exert a sufficient net
force to pick up the packages by vacuum (say -60kPa). The vacuum reduction of
the buffer boat 13, 14 is achieved by electrically switching the vacuum path from
connection to a vacuum directly to connection to a vacuum regulator so as to
control or reduce the vacuum pressure to a preset value.

30



the buffer boat 13, 14 is achieved by electrically switching the vacuum path
from connection to a vacuumdirectly to connection to a vacuum regul ator so
as to control or reduce the vacuum pressure to a preset value. 30 -17- ¢)
As regards the first row of packages _3j# pi cked up, the vacuumstability is
still not a problemas the nunber of enpty holes 33 is still limted even
after the first gang pick arm 17, 18 picks up the packages and | eaves a

limted gynbepgdfegpdPthe it 6w (dfPack¥geP R, pisked appthe Ve stabiiry & or e,

the vacuum |l eakage is 5 still not serrous. 2. Transfer of a second row and

subsequerstill nehg Robjrie lasdbe rymbRy 9f emptiphelrs JReist stilldimitad puen ajfes the he

buffer bqga i ' LI | t of
packages?’ir ttql)a:?‘g %’éhﬁiﬂ% ﬁb[a&kéi“%t@re ‘fél:&#ggggf)éﬁdelgso %lgr%ﬁfe@gé%‘gé?ﬁfon of
the pick dhesd Hdlogefor &xarfsie ssiRwmpty HdiEs). SThekdore, e gacous lebkage iages are
renoved fromthe buffer boat 13, 14, nore and nore enpty holes 33 exist and
t her ePor st} aotiEetiPEkage problemis so serious that the vacuum regul ator 42
cannot maintain the vacuum at the preset value. 15 b) To solve this problem
a piston-like conmponent is provided inside the vacuum chanber 45 of the

buffer bgat wirahsfepapaiseesnd rowaland3bskyosnt wshafdtkages! ative to the
vacuum hol es 33. The wall 38 is operative to divide the vacuum chanber 45
into a first portion that is subject to vacuum suction and a 20 second

| | _ cuu nd a 20 sec
bper ati v o oouBEk T MERE Aoy BF BUEANE, B3 cukef BBV, BARhorB T o) s a3

t hat 1@r e direttioe edpicechoby the gt adw dbfrdkages intAtaligmenentdvitf atdentehbmber 45,
t he vacuum regul ator 42 and vacuum source 43 are connected to the first

portion CofrepRENdiAgtam Relitef e Ripkhenad fiagel 48t AsoSRawmiThi Keict.ivien

more rows of packages are removed from the buffer boat 13, 14, mere and more
empty holes 33 exist and therefore vacuum leakage problem is so serious that
the vacuum regulator 42 cannot maintain the vacuum at the preset value.

15
b) To solve this problem, a piston-like component is provided inside the
vacuum chamber 45 of the buffer boat which comprises a wall 38 which is
movable relative to the vacuum holes 33. The wall 38 is operative to divide the
vacuum chamber 45 into a first portion that is subject to vacuum suction and a

20 second portion that is not subject to vacuum suction. The movable wall 38 is
operative to cease the supply of vacuum suction force to the vacuum holes 33
that are not occupied by singulated packages. At one end of the chamber 45,
the vacuum regulator 42 and vacuum source 43 are connected to the first portion
of the vacuum chamber 45 that is subject to vacuum suction.

25
C) The movable wall 38 is always located in front of the row of vacuum holes
33 that are holding singulated packages 47 which are being removed from the
buffer boat 13, 14. The vacuum plate 32 is indexed by one row after all the
packages in the current row are removed. The rows of holes 46 corresponding

30 to the previously-picked packages that are not occupied by singulated packages

are thus substantially isolated from the vacuum source 43 and therefore the



25 c¢) The novable wall 38 is always located in front of the row of vacuum
hol es 33 that are hol ding singul ated packages 47 which are bei ng renoved
fromthe buffer boat 13, 14. The vacuum plate 32 is indexed by one row
after all the packages in the currentygow are renoved. The rows of holes 46
corresponding 30 to the previously- plcked packages that are not occupi ed by
si ngul at ed packages are thus substantially isolated fromthe vacuum source
43 and t hgeefi®rieakdge islnitdd e/t &w&ﬂ%w &F pbadnabeg 4170bé|H§ mwerdem AoW of
packages 47 being picked up. As a resul the vacuum | evel can

mai nt ai n@resy Itaweat-,a@upfralewel tasvee naﬂmﬁww{ at @n agceptabledpyel Qﬂﬁbﬂﬁﬂ r§ ¢ ar ge

enough to 0 s exi ng
of the bu ﬁ\e{((rﬁ%oat ngé ?%%‘éaéﬁo% LO Q?ﬁ% d'ﬁlofcg%'jf)a%g é:gélgggtraﬁ/u':‘@éj to the
pi ck headswdiy tde ||§J:¢§)@193bf3hweabnﬁer BdatM 3, am enbiled Srrig eencagiuior gaarbges 45 of
the buffer boat 13 opposite to the end connected to the vacuum source

43, the \Xﬁ#nISfQ?SOMPI% headsiféthe gaRa G e@™hr ough a rod 35 to a |inear
notion drive system 39, such as a timng 10 belt or a |lead screw and

stepping nmotor. Thus, the required position of the wall 38 can be easily
achi eved dyhr oyghart éred bf theavaduint oRatibey @53y she uffer bost 18, 18 oppogiratnt of
t he vacuum plate 32. e) The above sequence will continue until all rows of

packages B¢ eel gesaeatsd 18 heoMaeHEN HEPYee Adatthe 3val 438 Anayube nfughsect of
the i nver&hﬂ@ctre ltﬁPcﬁ@th 53854654 ﬁﬁeiﬁgﬁgﬂgﬁ%bé%gcﬂ ?eSQEH%s Q&uﬁhnj‘r m 16.

The genera uence has alr een relationrto the

firstlQaspadtorod Iédmesa:mweamd steppity Rdtor. 6Thas atheerduired wositionhef thealvayang
pi ck arns_show ng thelr face to face cog- center relati onshlg and their basic
st ruct ur &8 fFaGbeeslytarhieweshitreugh e ingdr mation drive system 39 and/or by

movement of the vacuum plate 32.

e) The above sequence will continue until ali rows of packages are picked up
15  from the buffer boat 13, 14.

A fourth aspect of the invention relates to the design and operation of the gang
pick arm 16. The general working sequence has already been described in
relation to the first aspect of the invention.
20
FIG. 6 is an end view of the dual gang pick arms showing their face to face co-
center relationship and their basic structure. FIG. 7 is the isometric view of the
gang pick arm showing its basic part and its conversion part. FIG. 8A is a top
view of the conversion part that is configured for the pick-up of six packages in a
25 row. FIG. 8B is an inverted view of the conversion part showing the six vacuum
pads for carrying six packages. FIG. 8C is an isometric view of the gang pick
arm illustrating individual vacuum control valves for each gang pick arm pick
head.

30 In order for the dual gang pick arms 17, 18 to work successfully for the

aforementioned sequence, the configuration is as follows:



gang pick armshowing its basic part and its conversion part. FIG 8A is a
top view of the conversion part that is configured for the pick-up of six
packages in a 25 row. FIG 8B is an inverted view of the conversion part
showi ng the six vacuum pads for carryjgg six packages. FIG 8Cis an

I sometric view of the gang pick armillustrating individual vacuum contr ol
val ves for each gang pick armpick head. 30 In order for the dual gang pick
arms 17, 18 to work successfully for the aforenentioned sequence, the
configuration_is as follows: -19- 1. The dual gang pick arns 17, 18 are
arranged fin a Tecdualgangcrickanmer17as 8 alkoamangedinG facs tp agermanieras hat
their mul ti.pnl-e.ek : | 1: i Lgk and
place cortionid:p Pl ATy FRAInar i R Pioks By VAPGETHANR ShErP R o

packages dligoet Eidhethd otk A3 plateatertec indwi the Syktem., As UL resiats Hotle cfane Y
position, and nore inportantly rel ease packages one by one to  the vacuum
head 28 dhemnean Bickryp paskagesdeamdeutiay haat daud 4patar epEMOD PoSttioBn sy . The

head 38 o P pahages . T
repoat abl RFaE PRSRer; Bt RoR b tinty, s bhotilek BhT N e bang”

pi ck 10 the vacdum Heéhd 48 offithe waavy tprrekdavios 207at shtne plraceenahtipositiany(1¢.o0nmon
linear mption driving systens, such as ball rews and servo notors.

However, Wne 1Wred 2l & gorgialipnal ¢leviasy apd teus ngWQb’Vi%&rpr%@S?sa 69Rdr sake
it o . : ol 17
26 15 hedSREHABREpREEHIGAT boskion o, KEEM-IHD (EtkalRs Horh Ko 36 PERBKC” |

them
oppod0t e atimsetit,il@ns back and forth from packages pick up and rel ease
positions. The vertical notion can be easily achieved by applying an

eccentric nechani smand stepping notor 58 as shown 20 in FIG 7.
2. The gang pick arms 17, 18 can be driven by common linear motion driving

systems, such as ball screws and servo motors. However, it is preferably driven
by direct drive linear motors 80 for sake of simplicity and accuracy.
15
3. Vertical motion of the gang pick arms 17, 18 is needed in order to avoid
them hitting each other when traveling in opposite directions back and forth from
packages pick up and release positions. The vertical motion can be easily
achieved by applying an eccentric mechanism and stepping motor 58 as shown
20 inFIG. 7.

4, On one hand, the gang pick arms 17, 18 are required to pick up multiple
packages from buffer boat 13, 14 simultaneously. On the other hand, they also
need to release packages one by one because of the rotational nature of the

25 turret device 20. Therefore, they are designed as follows:

a. Each gang pick arm 17, 18 can handle a maximum of twelve packages
and therefore twelve independently controlled vacuum circuits 67, including
twelve solencid control valves 71, that are connected to the respective pick-up
30 vacuum heads 57 for controlling the vacuum supply from a vacuum source 72,

are provided as shown in FIG. 8C.



4. On one hand, the gang pick arnms 17, 18 are required to pick up nultiple
packages from buffer boat 13, 14 sinultaneously. On the other hand, they
al so need to rel ease packages one by one because of the rotational nature
of the 25 turret device 20. Thereforegnthey are designed as follows: a.
Each gang pick arm 17, 18 can handl e a nmaxi mrum of twel ve packages and
therefore twel ve i ndependently controlled vacuumcircuits 67, including
twel ve sol enoid control valves 71, that are connected to the respective

pi ck-up 30 vacuum heads 57 for controlling the vacuum supply froma vacuum
source 7b. arT@ep@aNg picl arn dRold is divided ingTtwo partsh. A Btandpad dasedkartir m 17,

18 is diw d d b 62.th I
munted o B mrIae akgoudled; B8EFe FRIBoLRkeR o AthE AR ana

acts as %oﬁir@ﬂ@éwéebaérﬂ:l fa@fs bhea PRGKAGE Bage fanthdipa @Ra% SHRPIMdepitch
convertible | ower part . €. Aconvertible |ower part 61 can be easily

changéd fdependaet mnmﬁ@:jeéawerrpart B1anot her through | ocation pins 63 and
hol es as shown in FIGs. 7 and 8, and a pair of quick release | ocks 64, 65.
A seal plate 66 covering the vacuum paths 67 10 prevents vacuum | eakage

bet ween the pickohestb®2oned ptahesc@anwet el dha\ngred feshtorflcorfiquirghiomead

adaptor 68 assists attachnment of the pick head to the convertible | ower

part 61 te angther thepwahi legakien pins &3 aaplfhcéte?eﬁﬁ shaweinsk I6¥s. faard§e@nger row,

170 18 S BEToREER 8D 3 ool B BB e heDlp e RBRRST 0 T T

IS noh nprevértarvactivel mkggeq:iéméeﬁrtﬁdqmaf MeAd BN aAbehe :ﬁﬁwemﬁé%weBA and
8B, six vacuum heads 70 are &ﬁow ded to match a strip of 6 packages per

row. Vacw@t Bit Hs pEk head edapion ffedsesiscattachment| ofgbestick headrbdo thee
sol enoi d yal X§hie/ bwt park ol y- 20

d. When handling strips of different numbers of packages per row, the
15  number of vacuum heads 69 of the lower part 61 of the gang pick arm 17, 18 is
the same as the number of the packages per row of the strip if it is not more than
twelve or other predetermined number. As in FIGs. 8A and 8B, six vacuum
heads 70 are provided to match a strip of 6 packages per row. Vacuum paths 67
of the unused circuits will be shut down by the solenoid valves 71 accordingly.
20
e. When the number of packages per row is more than the maximum number
of vacuum heads 70 comprised in the gang pick arm 17, 18, the two gang pick
arms 17, 18 may share the packages evenly. For example, if a strip has 19
packages per row, one arm may have ten vacuum heads 70 while the other arm

25 17, 18 may have nine vacuum heads 70.

A fifth aspect of the invention relates to the rotary turret device 20 that provides
sixteen vacuum heads 48 that are spaced along the rotary turret device 20, each
vacuum head 48 being configured to hold a single package. The vacuum heads
30 48 rotate segment by segment in an anti-clockwise direction from position (1) to

position (18). FIG. 9 is a plan view of the rotary turret device showing the basic



e. Wien the nunber of packages per rowis nore than the maxi num nunber of
vacuum heads 70 conprised in the gang pick arm 17, 18, the two gang pick
arnms 17, 18 nmay share the packages evenly. For exanple, if a strip has 19
packages per row, one arm may have tgggyacuunlheads 70 while the other arm
25 17, 18 may have ni ne vacuum heads . Afifth aspect of the invention
relates to the rotary turret device 20 that provides sixteen vacuum heads

48 that %’%@’@?@W o?'i@{kg;n%%érﬁ .ar;:xet.%ri@fan;iﬁgh%@n@&emﬁ@pme agg&q%mraﬁad 48

bei ng co o ho a single package. e vacuum heads 8 rotate
segnent hkievioegnent in an anti-clockw se direction fromposition (1) to
position (16). FIG 9 is a plan view of the rotary turret device show ng the
basic -21- arrangenent of its conponents. FIG 10 is an isonetric view of

the rot TG &) ar@eﬁ{c%ﬁﬁon E‘@itaﬁigqacétéé! O?ﬂ%eq.’g?_ éb?&%léé@&eﬁéﬁlih@%ﬂ@ on the

pi ck and pl ace nter [1ne S5 system ornmer is the position of
t he vacuwsystesadl 4S8 farfnaros dhe positivatofdee ivasuurdthaad 48 ofirotarg wmetpdaees 37

fromthe gang pick arns 16, while the |atter i.s, the sition of .the vacuum
nead 48 0 Porteqe SWRPaGkaPes 30T e drcoerick sieatoavaie e Rl 1 1 oad
arnms 26. ¢yl q&wmfh&@%aenﬁmpm%faerabl ¥t gblary ADRBEdRkcd DR t6ephRgEr Vacuum
source via tiple vacuum paths 49. 10 Along the rotational path of the

vacuum headkadds & showml offldEdGarms 26hd Ty vathemeheads ee varefesablypalbcessi ng
and inspection % vi ces.. The arraréggmsnl rra%. be as fol lOV\E' 15 1. The first
package [P8BPEtE 30%%% yacuUMRAEeR Vi myliele Yy Patis 4y posi ti on
upstygam of the rotator 23 that does not affect the operations of other

adj acent nodul es. 2. A package upper surface inspection nodule 22 for ball
or | ead iAlepgthe ootational path of the vacuum heads 48 as shown in FIGs. 9 and 10,

there can be various processing and inspection devices. The arrangement may

be as follows:

15 1. The first package précising system 21 is placed at position (3), or a
position upstream of the rotator 23 that does not affect the operations of other

adjacent modules.

2. A package upper surface inspection moduie 22 for ball or lead inspection
20 is placed at position (5), or any other position that does not affect the operations

of other adjacent modules.

3. A package rotator 23 is placed at position (7), or other position
downstream of the first package précising system 21 that does not affect the
25 operations of other adjacent modules. As a result, the nominal position of the
rotator 23 is close to the position of the packages 37 when turning to the
segment of the rotator 23 such that the chance of the rotator 23 damaging the

package 37 is largely reduced.

30 4. A five-side inspection module 24 is located at position (9), or a position

downstream of the first package précising system 21 that does not affect the



20 is placed at position (5), or any other position that does not affect the
operations of other adjacent nodules. 3. A package rotator 23 is placed at
position (7), or other position downstreamof the first package precising
system 21 that does not affect the 25wpperations of other adjacent nodul es.
As a result, the nomnal position of the rotator 23 is close to the position
of the packages 37 when turning to the segnent of the rotator 23 such that

t he chancpepatidriieof othelr cidj@cerdanBgiles. thige-site kagechdn iis dspegally usetliced. 30
4. A five-side inspection nmodule 24 is | ocated at position

(9), or a
posi ti on fou@fhb prekaasstthaheanihaye Ipad idefretp SHEN Ssrignegs thatr. 21C.+ RARtthEBes not
af fect t i ot her adj acent nodul es. Five-side inspection
is espec{lgﬂpfigﬁgg?%?haﬁgg@%'packages that can have | ead defects such as
snear, burr, etc., on their upper surface and four sides. 5 5. A second
package precising system 25 is | ocated at i)o_si ti 02%1()13) where the packages
are pPckeéd up bypeend dagkage mrecisingrsustern. 2571 ocalachat PRERIRAYE 3) phetesi ng

system 25,.] i : f i r C f
packages 15 RARERGS: fre Bika8'of of e dTRE RN s 87, Tk SeBLAG HERRGE
fol | ows: pk8cisingThateraciageespedialyacsafod dvehimdrtardt fohaccutate pldoameatt adevi ce
20 is turned to positi 0%331_. b. The two precising clanps of the second
package MASKREEH Y HEMOSEPAdIRG gy Hay r BPRKENS o pBR WPHIRD (3P WeEr8siBdast at e
such t hatg,j package 37 is aligned to a preset position that preferably
corresponas {0 the required position of the offloading device 29, 30, say
tray1pockets, when the dual offloading arns 26 transfer the packages from
t he vacuum hea_ﬂ) at cE,)kOSi tion (13) to the off] oading . )

a. e package on a vacuum head 48 of the rotary turret device 20 is turned

to position (13).

b. The two précising clamps of the second package précising system 25
15  move from an open state to a closed state such that the package 37 is aligned to
a preset position that preferably corresponds to the required position of the
offloading device 29, 30, say tray pockets, when the dual offloading arms 26
transfer the packages from the vacuum head at position (13) to the offloading
device 29, 30.
20
c. After the package 37 is picked up by the dual offload arms 26, the two
précising clamps return to their open state.

The operational sequence as shown above plays a key role in system efficiency
25 Dbecause of the ability to simultaneously process sawn packages 37 at various
positions of the rotary turret device 20. After finishing various processes (which
take place simultaneously), all packages 37 on the turret's vacuum heads 48
rotate one segment ahead. With such an arrangement, the processing of
packages at the more time-consuming processes such as five-side inspection will

30 not affect the system running speed, or will only slightly impact speed when



device 29, 30. 20 c. After the package 37 is picked up by the dual offload
arns 26, the two precising clanps return to their open state. The

oper ational sequence as shown above plays a key role in systemefficiency
25 because of the ability to sinmultanegusly process sawn packages 37 at
various positions of the rotary turret device 20. After finishing various
processes (which take place sinultaneously), all packages 37 on the

turret’s sh&%@'?{?c’é@@é‘ss af extrabrlifari oS RAh thEeRdradl hocassihcfime of

arrangenent, e processing of packages at the nore time-consum ng

pr ocesseih%gmer@squs@sg‘tdg‘feirmt neJHswi || 30 not affect the system running
speed, or will only slightly inpact speed when -23- sone processes are
extraordinarily | onger than the average processing tinme of the other

processefontpadikadey aith 15 HEIfesended inpizk agiffsran sizdsasfoeadlivinh ¢leadees8 i n
size, different sizes of vacuum heads 48 5 are re£| red. To ease _the change

of th2 vacuanuiedsTagasadthencRangenhobike vargviepeadsn s andthus mchievge vacuum

heads 48 n c to. h S a re fixed
onto thesﬁéﬁgfg"%ﬁ %’%ﬁneé‘evrc%dgg%“@i bgﬁggs%;é?eo&&gﬁﬁgﬁ'ﬁvgh@i%)anr?rbe ates to
the desi garewist opertaiddoiasys thatafdited dRkoahé rerad, aIrr® deicehp@onsi st of a
front pick arm 27 and rear pick arm28. FIG 11 1is an end view of the dual

of fload arns 26 showing their face to face co-center relationship and their

The rear s hit SepRg e vphh TR e UBYSR) i Deiitlon, B HBHAEl 02, 2
travedi ngffibaslt ameewbichabondist2Franfrohapick sarar 2V endireappickcamalgr , Figich as 15

pneumatic cylinders 77. It is for enabling one armto give way to anot her
during redN@scyewnel biecdvalAffload apnsi2&phewpm they Baglodaee fcoreantemhe t wo

arms 27,  2818h&hip AT Bdbi@ slAGRIE O FIRCA LR HLGNEARLAD VR SN dLa)

offload arms 26. The rear arm facing to the front has a global up/down axis with
a larger traveling distance of about 25mm that is driven by an actuator, such as

15 pneumatic cylinders 77. It is for enabling one arm to give way to another during
reciprocal movement of the pick arms 27, 28 back and forth.

The two arms 27, 28 are arranged in a face-to-face configuration as shown in
FIG. 11, such that the vacuum pick heads 75 on each offload arm 27, 28 are

20  aligned along the same pick and place center line of the system.

The offload arms 26 are preferably driven by a direct drive linear motor 73 that
can provide a compact and simple assembly. The front pick arm 27 and rear
pick arm 28 have a common center line 74.

25
FIG. 13 is a front view of an offioad arm illustrating small vertical movement of an
individual vacuum head 75 for pick-and-place actions. FIG. 14 is an enlarged
sectional side view of an individual vacuum head of the dual offload arms 26. A
pick arm pick head adaptor 84 holds a plurality of vacuum heads 75.

30



FIG 11, such that the vacuum pi ck heads 75 on each offload arm 27, 28 are
20 aligned along the sane pick and place center line of the system The
offload arns 26 are preferably driven by a direct drive |inear notor 73 that
can provide a conpact and sinple asseny. The front pick arm 27 and rear
pi ck arm 28 have a common center line 74, 25 FIG 13 is a front view of an
offload armillustrating small vertical novenent of an individual vacuum

head 75 fpscHhEK-HRRIOR! 96BUGHT RORE: 7§|c53a Mgeﬁ nambéaloarr@@as vﬁ%ﬁ hrglh@k si de
vi ew of an individual vacuum head of the dual offload arns ) J)l ck arm

pi ck headhrughpot iB4eqerats &ashuyaguuny h@ﬁdv%ﬁ:uwhﬂfe@tlmpﬂﬁs 30 lﬂgﬂﬂ UBhch arm
h f head | nb
{hr oughpUier SEAHG IR Sabhef il ABRI IO 7€ hees BoBRRS #4685 187 i dua

pi ck headcHangefy a7aeueﬁaroh csatéhn@qadpédwagég 5f8difl@$erﬁ sipmeridndd| evadiim85 for
changing a collet for caterin ackages of different di mensions. Vacuum 5

suct i &n iguclends gesdrated taidhe |tlp @‘fther@rwgmbé@ PRBI &5 faetgBm vaewimPaih vacuum
path 86 I S t source. Each vacuum head 75 is
confi gur e%ﬁ]ﬁ’(?ﬁ '%/lér}’li :alé@da n%flﬁgﬁ%%ﬁ@ smal | traveling distance of about 5nm

i ndependently of the other vacuum heads 75 that is good 10 enough for

package transfer operations fromthe vacuum heads 48 of the rotary turret
devi ce 2(Eaeh vasuwMf headi Ay idcsardigupsyl fop vertival helion aéra i waall diviebng

compact _ AFEDERS! %&7?{“@5@%@%‘*@%9@%9?%%@???%Eﬁab e P R hGH, °

assenpl y ddoughhiet patk&de tlamsiirtdbetations fidmvicaceQhl h8dds B8t tHeiremrgoi | 82
is directly 15 connected to a pair of guide rods 79 which is linearly guided

by a pai rtubet |deviegr 20c iy éhe ffioading udeitee &8, a30.shbhw smalkiverticed. mptienpai r  of
gui de rOdcﬁsté?\céﬁs EEQ Qﬁven by an independent voice coil 76 that provides a compact

driving system. The voice coil motor 76 may comprise a magnet assembly 81

that interacts with a moving voice coil 82. Each voice coil 82 is directly
15 connected to a pair of guide rods 79 which is linearly guided by a pair of linear

cage bearing guides 83 as shown in FIG. 13. The pair of guide rods 79 is further

connected to a vacuum pick head 75 by passing them through a pair of through

holes of the vacuum pick head 75 and fixed by screws like a C-clamp. The

coupling which starts from the voice coil 76 down to the vacuum pick head 75 is
20 direct and simple, and thus free of backlash.

A seventh aspect of the invention relates to the design of the vacuum pick heads

75 of the offload arms 27, 28 and how the packages are released. FIG. 15

shows the working sequence of a vacuum head comprising a small release-
25 assist pin 87 inside the collet holder 89 of the collet 88.

Packages 37 sticking on the collet 88 of the pick head 75 is a common problem,
especially for small packages (say sizes of 3Immx3mm and 4mmx4mm), during
offloading of packages to tray pockets as there is no suction assist at the tray
30 pockets. To assist the release of packages 37, a small pin 87 is implemented
inside the coliet holder 89 as shown in FIG. 14, The small pin 87 consists of



connected to a vacuum pi ck head 75 by passing themthrough a pair of through
hol es of the vacuum pick head 75 and fixed by screws like a Cclanp. The
coupling which starts fromthe voice coil 76 down to the vacuum pi ck head 75
is 20 direct and sinple, and thus free_of backlash. A seventh aspect of the
invention relates to the design of the vacuum pick heads 75 of the offl oad
arns 27, 28 and how t he packages are released. FIG 15 shows the working

sequencem@inl@ MRC PHRS ORI &IP TR fi Oﬁpé\' s88e | afi@l £apRr stmasHes wdtking87
inside the collet holder 89 of the collet 88. Packages 37 sticking on t he

col | et 8gew@ienchds pedeliansatshoavn in FIGdddkon probl em especially for snal |
packages (say sizes of 3mx3mm and 4mmx4nm), during offloadi ng of packages
to tray pockets as there is no suction assist at the tray 30 pockets. To

assi st the reBerse tifd pRGGHRISD Ickéﬂa fhe sﬂhau ih 8B stayBligstBaties coligtsi de t he
coll et holder 89 as shown iIn FI ?Be smal ﬁ pin Bﬁgonmsts of -25-

mai ISyt beldprBPvitmitensiay basenastmq:p@rarbmer @ﬁaeavalhphﬂa eaflet raddeio?%i ng
th k 37
oo cphd e ALl Mo SR futy B dbe cbieB o1 © S RoPer 38 W ehi o

flat base resting on an i nner base wall of the collet holder 89, and the
tip of its thin stem protrudes out of the collet 88. 2. Wen the vacuum
suction £s acWhest &g, VQCWé"% rwntlorpnm agtivatgdi the smalldun &t insidg the celletwi | |

rise and i €

because ?ﬁ'ggr@?{}ﬁﬁ% 'gslérMa \/\jg V?ﬁﬁ%og%etbgﬁ QRL g{e g&li% ﬁo'ggr énd bring
it upnar gecaude ther esdlum atihﬂowrmdlﬂad@lupcﬁﬁth@ fidt base af ftiee pir mdusmwg itpackage
pi ck up process. 3. The El ck head 88 wi Il descend and pick up the package
by suct i épwaids. s aigesult, the spail pire Boadll mokafiect te vavalRarkagRQigh &R heads
75 will gr%cggs an of fl oadi ng

3. The pick head 88 will descend and pick up the package by suction as
15 usual.

4. The offload arm 27, 28 carrying the pick heads 75 will go to an offloading
device 29, 30, such as a tray with pockets. At the proper position and level, the
pick head 88 will release the package 37 by switching off the vacuum suction and
20 the small pin 87 inside the collet holder 89 will fall down and its tip will push

against the package 37 to aid its separation from the collet 88.

5. The tip can therefore reliably assist the process of releasing the package
37 into a pocket of the tray without the package sticking on the collet 88. That

25 can lead to more accurate placement of the package 37 into the pocket.

6. The package pick and place cycle will be repeated from steps 1 to 5 for
other packages.



device 29, 30, such as a tray with pockets. At the proper position and

| evel, the pick head 88 will rel ease the package 37 by switching off the
vacuum suction and 20 the small pin 87 inside the collet holder 89 will fal
down and its tip will push against thg _package 37 to aid its separation
fromthe collet 88. 5. The tip can therefore reliably assist the process of
rel easi ng the package 37 into a pocket of the tray w thout the package

sti cki ngA@xneghﬁh Q%écﬂtof&ﬁe |F|'\|Féﬁtion2r%lété§' th e de@,.qméﬁd Qﬁ)@%tﬁirﬁ% of agesent of

t he package 37 into pocket. 6. package pick and place cycle will be
r epeat ed Cafrism &tk s flartowns fﬂbraccma’s@rpqﬁdtﬂmgf thegraygndi fushacisaiet of the

i nventio t e design and operations of a tray carrier and its
i ngSPBRd ERebRetosi : on

handl i ng ositioning of the tray and thus accurate package
pl acement. 5 FIG 16 shows a possible offload configuration of an of fl oadi ng
devi ce according to the ,Br eferred enbodi ment of the invention. The
of f | oadi ﬁ@Gdéﬁi ewsanppesiels effoad spntigyraban ohsaueiEoadingAevien 86earddi | oad 92
and a b| t ' : f . f de

O o #d b S0onlimd L AnaMn RRIT TAC otloBl R aduibé Reniiikboarer

whereln ty tfa 5L R R P o ah

i ndexi ngtrd rtidad moGle Bit| heﬂnwtémofﬂa@dtm@wc% tﬂn@fﬂ&ad ben AlGsartieén nto a
filled tray stack 94 once the tray 96 is filled. Instead of a tray offload

nodul e 9isometriagndewial| ddtamptivrdet anhereint ereamabp &y 96 ®Aakere froph@nof
package. i SO, r 0 nto a
Pray “oafPIsy B $RF 9o STy ity HiesOn o7 flobiith BRLREAs 3T ML 2

i someQri ¢hed ipenéd iftbea Bifg ray sRick\Greonds thestray BByS filgdit Iréad bhe tiayay
carrier. FIG 20 is an isonmetric 15 view of the tray being adjusted on the

tray car Pfiadi@odeleoyb & funs affleadeedidaran: b fixed depgadingeon thag g of er .
L2 R OER SIS Aot oy of by gl pepelbRdeBLy B 7Y,
tray car cagifer by the push of a tray pusher or tray kicker. FIG. 19 is an isometric view of
the empty tray when it is fully input onto the tray carrier. FIG. 20 is an isometric
15 view of the tray being adjusted on the tray carrier to remove clearance between
the tray and the tray carrier. FIG. 21 is a cross-sectional end view of the tray
carried on the tray carrier which further illustrates a linear motor that is coupled to

the tray carrier.
20  The operational sequence is as follows (as shown FiGs. 17, 18 and 19):
1. A tray 96 is loaded onto the offloading station 29.
2. The tray carrier 85 will move to collect the tray 96 while the tray kicker 99
25 pushes the tray 96 at the back of the tray 96 along a loading path 100 to assist
this process.
3. With the assistance of the push of the tray kicker 99, the tray 96 can move

totally into the tray carrier with no or negligible clearance with the front reference

30 wall of the tray carrier 95.



20 The operational sequence is as follows (as shown FIGs. 17, 18 and 19):

1. Atray 96 is |oaded onto the offloading station 29. 2. The tray carrier

95 will nove to collect the tray 96 while the tray kicker 99 25 pushes the
tray 96 at the back of the tray 96 al Ag a | oadi ng path 100 to assist this
process. 3. Wth the assistance of thé push of the tray kicker 99, the tray
96 can nove totally into the tray carrier with no or negligible clearance
with the4fr0mi'hé@rfa%rc%?ﬁ8r 9§ﬂa§’%r‘ee@dé B@sﬁér@ﬁ&aétrdr%sraé of t cartier Bae tray
carrier 95 has thrée side pushers 102 at one side of the carrier 95. After
t he trayAder gtaayayrﬂﬁngoae lmtoatinedeayrc@'rrree@Sa@s mﬁtnooﬁédma’se@t%;th@thneﬁe t hree

si de push 12vm e, tr t,0 anqt her f the c er 95(that
s opposteePle el &2 HUT Rulshitye Ry B ANIhEhEIE 8B4 ciatfed B (FH1Ry &y

| eaves “@pﬁésn@t@t‘h@@ﬂrﬁ@'hbbmgc’ché%r @ pashers 02) sudR thal earselewdbs nefort he tray
carrier. As a resul the tray 96 can have a consistent position with

r espeet amerghgmle @lﬁarammwfbf@ﬁmeefemceswf of the bayrdasrienRs paebuly such a

t f t t t,tq th 95 th
pr e equlte 147 86 B Hrecd Eat st ol b i TBoRRY P! 208 il ntRsktent
accurat ew@ﬂ§'@ﬁ§tﬁe0<§afrhéﬂ©6ng HaQirlg" 8¥ctPack&isistedP pbsitibht 6 tHeulrhy deoasthng t he
tray 96 into the carrier 95 with a consistent relative position, four

cl anps 1EBpecbisattiereprriends intheorie-reauisde of dhe ereurede ppeitioomy afithe trayct i vat e

subsequert e ol e Bhte Bt SioRRER baP BofREa: oy 08 moves i n
the f¢direction to stop at a position such that the first row of pockets of

the tray 96 are aligned with the |ck and place center line of the system
Ther ef or &, t haftauillydpadiogdhgi teay n@tozteetmﬂer 95 with a consistent relative

position, four clamps 101, locating near to four corners of the carrier 95, will
activate to fix the tray 96 such that its relative position does not change in the

subseguent operations.

15
6. The tray carrier 95 with the tray 96 moves in the Y-direction to stop at a
position such that the first row of pockets of the tray 96 are aligned with the pick
and place center line of the system. Therefore, the dual offload pick arms 26 that
are moving in X-direction can place the packages into the tray pockets accurately.
20

7. When the pockets of the first row of the tray 96 are filled with packages 37,
the tray carrier 95 will index one row forward and so on until all rows of the tray

96 are filled with packages.

25 8. The full tray 96 will then be moved further forward into the unloading
station 109 where the tray 96 is elevated to the unloading stacker 94 by the
elevator of the unloading station moving upwards through the opening of the tray
carrier 95. Then, the carrier will return to the loading position and the cycle
repeats from step 1.

30



are noving in X-direction can place the packages into the tray pockets
accurately. 20 7. Wien the pockets of the first row of the tray 96 are
filled with packages 37, the tray carrier 95 will index one row forward and
so on until all rows of the tray 96 agse filled with packages. 25 8. The
full tray 96 will then be noved further forward into the unloading station
109 where the tray 96 is elevated to the unloadi ng stacker 94 by the

el evat or T@fukHs dHHPREItAE tﬁatyaéddafladwm@ﬂayw&%smmab ARGNbyg of the

tray carrier 95. Then, the’carrier will feturn to the [oading position and
t he cycllmeafép@’@r§0f7ro¢v$§hewnln 6. 2281h€FUaVMWrISGﬁQQN©d arie a lingar

accur acy he tr rrier 95 is prefera driven r tor 107.
As shommohorrklgd' 1%%th'Ch'§ym téffrfl cf!uqtg rﬁvm?ltaeaﬁ'%% I.%?ki’ {gfeﬁ] %4 on gui de
108 whi clhotdr 107 bYrthamienbestaf i B saapatt. hal waee @biltristor icaedsrisedihor 107
so that the overall size is conpact. A voice coil notor conprised in 5 the

| i nedr nibeolineBy7Mptord] e ds |dve@&h@@un@@teddoﬂﬁ@ bettemnobtha treyteatgiec8bri er 95

| nt roguchi DR a 2 B Sha ot PR Fin ol EarachuabTos Aidelfee

obt ai nedan Baeunedé bessioAmPesTitRe dlayldaeriémy® R thaB obesiHEd. i n i nprovenents in
mai ntai ning high 10 systemt hroughput while nultiple processes and

operations of the packages are being performed, such as package precising,

the packiBedaasE s8petipr ETa i RE b B RREh e B RRR 5Bt RiaBe "t ypes
and foor yfstgrhahfoughpat sthilehuRigle prbcekeés ahbeopétaliond bf fe Packapetdareld, a
sinple flat vacuumplate 32 with an array of small 15 holes 33 is used,

i nst ead RBinG pedeERGNSHER | Yy RACKABAPPIACHIRE dERGEICHENS cesracilyt 6f Hhai ntain
the T ocalbansyOfthB3GK AR andTobf Sits P ith® FatRagolY & IR RHR%GIE PukS

conversion for different package types and form factors is also introduced. For
the dual buffer boats 13, 14, a simple flat vacuum plate 32 with an array of small
15 holes 33 is used, instead of a plate consisting of complicated guiding features to
maintain the locations of packages 37. An efficient parts conversion system is
thereby achieved. Further, a more reliable package release process is achieved
by adding the package release-assist pin 87 inside the collet holder of the dual
offload arms 27, 28. Moreover, a more accurate tray offload process is achieved

20 by introducing the concept of the movable tray carrier 95.

The invention described herein is susceptible to variations, modifications and/or
addition other than those specifically described and it is to be understood that the
invention includes all such variations, modifications and/or additions which fall

25  within the spirit and scope of the above description.



t hereby achieved. Further, a nore reliable package rel ease process is

achi eved by adding the package rel ease-assist pin 87 inside the collet

hol der of the dual offload arns 27, 28. Myreover, a nore accurate tray

of fl oad process is achieved 20 by infgoducing the concept of the novable
tray carrier 95. The invention described herein is susceptible to
variations, nodifications and/or addition other than those specifically
descri begh amgsit is to be understood that the invention includes all such
vari ations, nodifications and/or additions which fall 25 within the spirit
and scope of the above description. -29- CLAIMS: 1. A singulation handler

system fpor a i onj L.slng. 0 |l ocat ed
adj acentP‘t o] ﬁE@ﬁmag{%nﬁlbaﬁ%g%raﬂsgeﬁﬂ?@*&gﬁ@v?ﬁﬁgg{rgﬁbrﬂ%chﬁ%g({ﬁnﬁrg%ﬁ%t rip of
packages for #i paldadler ddcatad cadjatdrat fo anf@iloa@ingt loagtiémdos bréuidiag an _

unsi ngul at ed packages, the cutting jig being novabl e between the onl oadi ng
| ocabi omwm%atgdr*agm af paekagesdes ¥nguietionhi ch the strip is singulated by a

ool ati e - ._ ! L 4
beon r emoved 2 i BhEEhRe e pftp STUAEBBAREEE MR IGS, (he”
si ngul atiedingankagse betweenf theednlcaidaig Vecationeahat & ding datiemdogatidn ead for

transferring multiple singul ated packages sinmultaneously fromthe buffer
boat t o WhiEbihe Firipus sétourted by:a siRguiatioBfeNgd®er for transferring singul at ed

packages fro : ) i i i e

si ngul at ed p;gctlggggg%tgr%y%{ ﬁ{){gﬁfges }@uﬂa?%aec%gﬁgg‘gg{} !’%{nrﬂﬁgéldq (%rnwg%/@p \é‘%ﬁ?as

cl aitged from¢haicattihg jiguandehichasRipesativg te coplvely the siguiited pacRagesined t he
onl oading location for aligning the strip of wunsingul ated packages with
respect fxgdrglativatarientationg. 20

a gang pick head for transferring multiple singulated packages
simultaneously from the buffer boat to a rotary turret device; and
an offloader for transferring singulated packages from the rotary turret

15 device to containers in which the singulated packages are storable.

2. The singulation handler system as claimed in claim 1, further comprising a
strip précising station at the onloading location for aligning the strip of
unsingulated packages with respect to the cutting jig.

20
3. The singulation handier system as claimed in claim 1, further comprising
an unloading arm that is operative to pick up singulated packages from the
cutting jig in the same relative arrangement as they were arranged on the strip
before singulation.

25
4. The singulation handler system as claimed in claim 3, further comprising a
washing and drying station that is operative to wash and dry the singulated

packages while they are being held by the unloading arm.

30 5. The singulation handler system as claimed in claim 4, further comprising

an air knife located next to the washing and drying station.



3. The singulation handler systemas clained in claim1, further conprising
an unloading armthat is operative to pick up singul ated packages fromthe
cutting jig in the sane relative arrangenent as they were arranged on the
strip before singulation. 25 4. Thq4ﬁjpgulation handl er system as cl ai ned
inclaim3, further conprising a washing and drying station that is
operative to wash and dry the singul ated packages while they are being held
by the unloading arm 30 5. The singul ation handl er systemas clainmed in
claim4, further conprising an air knife |ocated next to the washing and
dryi ng i ati orhe sBgulationTrandiérngystemi am claimed én cigimt dnwhereih dherbdifen cl ai m

3, wherejn,th f f boat. is. conf.i ' i ngul at ed k
1 om t nP I SRR de SReP v S e Hetkaadh RO T Ade At oL e
rel ati veyo rtﬁ@%@gétsegipw@geeerneth&s%@ammeo @rrbh?eﬁierni Fasbﬂfe?r Rere

singul ation. 7. ul ation handler systemas clained in cl'aim®6,

furt Rer areanRg@edsemthe strp Hieforeraingulaléarnt ed above a conveying path of the
buffer boat. 10 8. The singulation handler systemas clainmed in claim1,
wherein the rotary turret device conprises a plurality of detachable vacuum

heads spaced T eos@gligionrirdiier systemtagiemited igatdimyec fllHRd epphhaiing
operative to hold a package during rotation of the turret device to nove

t he pacléiyais kpife legtedipbove asonygrng path of hedwterdoadi f f erent segnents of
the turret device. 15 9. The singulation handler systemas clainmed in claim
1, further conprising a mark inspection system between the buffer boat and

theipot @y t UMHeetingdali®A Hadier tadiglaimed sh Rl edhBagk Agesotahy ch are
bei ng held by the gang pick head. 20 10. The singul ati on handl er system as

cl ai med tuietdeyiee compnisesiarplurpiity of detachable vacuum heads spaced along the
rotary turret device, each vacuum head being operative to hold a package during

rotation of the turret device to move the packages through different stations
located at different segments of the turret device.

15
9. The singulation handler system as claimed in claim 1, further comprising a
mark inspection system between the buffer boat and the rotary turret device for

inspecting the singulated packages which are being held by the gang pick head.

20 10. The singulation handler system as claimed in claim 1, wherein the
offloader comprises dual offloading arms, each offloading arm further comprising

multiple individual vacuum pick heads.

11. The singulation handler system as claimed in claim 10, wherein one
25 offloading arm is arranged and configured to have a larger vertical traveling

distance than the other offloading arm.

12. The singulation handler system as claimed in claim 10, wherein each
individual vacuum pick head of an offloading arm is configured for smali vertical

30  movement independently of the other vacuum pick heads.



of f| oader conprises dual offloading arns, each offloading arm further
conprising nultiple individual vacuum pick heads. 11. The singul ation
handl er systemas clained in claim10, wherein one 25 offloading armis
arranged and configured to have a Iar§1er vertical traveling distance than
the other offloading arm 12. The singul ati on handl er systemas clained in
claim 10, wherein each individual vacuum pick head of an offloading armis

conf | gurgi fqrhé@mzciurar rt haAdle ?s%r@ﬁeé@gra.mwen%ﬂﬁmthw WhdrBR %Bﬁr vacuum

pi ck he -31 esrngu ation handl er systemas claimed in claim 10,
wher ei n veéatbm pikuliead futhdrecnmpiseshar reteage-asast pinr Iesei@sa cedlet of thén i nsi de

Ilet of th k head h bl bt first. t
et eat g ek SRR T S MeReps bt Mt Riot Wi Che B e
activat Q@traéﬂé@ fhshRC aRel &ll@@%ﬁéﬁ@awﬁheahcﬁd}? |§'ébtﬁéieiﬂd§nd“§ s@tohde collet

for pushing against a singulated package held by the collet when vacuum
suct pon nqeltmawhemﬁﬁm prmextenhrés siJhgfuﬂhetcrodiat fmirmlsbmgsmleah asinguidtegd i n

claim1, erein ers co tray re positioned onto a
movabl e A4 99&99({@( L?SW @%’r“ 0’]0'35%9&8 treﬁto the trays. 15. The
si ngul ati on handl er system as cl ai ned | n claim14, wherein the novable tray

carrier further conprises front and side fixed reference wal I s, and back
and si del4ushidres sirguiatin thaé\dderawsfenasas «laimag dni elaigal navherain fthent and

ol ai m 1 CoNBelsERRENS fieys et re oSt Bbic8 ARS SRR Blrfg ™ ™ "

| ocapi orgto@g@rbftﬁ@kagemtemea{ra{,g ow direction of an unsingulated strip of
packages to the onloading location is in a 20 direction substantially

per pendicul ar to the direction of novenent of the cutting jig between the
onl oadi n%_l Ocl'ghtei %?ngaﬂgtiotnh%a?rirjfe(?%%tegrn a%ngjari]r%'ed in claim 14, wherein the
movable tray carrier further comprises front and side fixed reference walls, and
back and side pushers to push the tray so as to secure it against the front and

15  side walls respectively.

16. The singulation handler system as claimed in claim 1, wherein the
onloader is located at a side of the onloading location, such that a matertal fiow
direction of an unsingulated strip of packages to the onloading location is in a
20  direction substantially perpendicular to the direction of movement of the cutting

jig between the onloading location and the singulation engine.

17.  The singulation handler system as claimed in claim 16, wherein the strip of
unsingulated packages are loaded onto the cutting jig in a lengthwise orientation

25 which is parallef to the material flow direction.

18. The singulation handler system as claimed in claim 1, wherein the
onloader is located in front of the onloading location, such that a material flow
direction of an unsingulated strip of packages to the onloading location is in a
30 direction substantially parallel to the direction of movement of the cutting jig

between the onloading position and the singulation engine.



17. The singul ation handler systemas clained in claim16, wherein the strip
of unsingul at ed packages are | oaded onto the cutting jig in a |l engthw se
orientation 25 which is parallel to the material flow direction. 18. The
singulation handler systemas clainmed,4dn claiml, wherein the onloader is

| ocated in front of the onloading |ocation, such that a material flow
direction of an unsingul ated strip of packages to the onloading |ocation is
in a 30 direction substantially parallel to the direction of novenent of the
cutting jig between the onloading position and the singulation engine. -32-
19. The ¥.ngulhs isingtHatial dandiest systam asatimirded ninccliinm 18, wherewi the he

unsi ngul at ed stri,p_.of ckages are ] oaded qnto the.cutting jig jn.a

engt i LT EHCaP o RRTaGes i BeloBER P afe: IR Tation okt

di recti Qtientatéfh whichas peflerdfMilFeoltRE niatelinonbvabirefdiandl er system for a
strip of electronic packages, conprising: a plurality of vacuum hol es, each

hol edbei ng configured to hold a single singulated package; 10 a main body
For supdti nd CAHTROE Rt Rifdburdes PaBORR e ofce Sty dealffe ceatea
whi ch | & ahaet 1 eI M\i de the vacuum chamber 1nto a flrst 15 portion
that is subj epluralityafu@eusochples, #achadedsing sonfiguedtteaholdsa singls ubj ect
of vacudhOLREETHHEE e o vacuum hol es whi ch are not occupied by - T

si ngpl at ed pag ke body28orAprisingea GRACLULRT cHEMbER wahick iimRénmrusication 20,
further conprising a vacuum
with the vacuum holes for supplying vacuum suction force to the vacuum holes;
and
a wall located in the vacuum chamber which is movable relative to the
vacuum holes, and which is operative o divide the vacuum chamber into a first
15 portion that is subject to vacuum suction and a second portion that is not subject
to vacuum suction;
wherein the movable wall is operative to cease the supply of vacuum

suction force to vacuum holes which are not occupied by singulated packages.

20 21. The carrier device as claimed in claim 20, further comprising a vacuum
regulator which is connected to the vacuum chamber by a vacuum path for

controlling the vacuum pressure in the vacuum chamber.

22. The carrier device as claimed in claim 20, further comprising a rod
25 connected to the movable wall, and a linear motor coupled to the rod for driving

the movable wall.

23. The carrier device as claimed in claim 20, wherein the movable wall is
operative to be successively located adjacent to each row of singulated
30 packages that are being removed such that the row of vacuum holes holding the

singulated packages are subject to vacuum suction, but an adjacent row of



regul ator which is connected to the vacuum chanber by a vacuum path for
controlling the vacuum pressure in the vacuum chanber. 22. The carrier
device as clained in claim20, further conprising a rod 25 connected to the

novabl e wall, and a linear notor coupied to the rod for driving the novable
wal | . 23. The carrier device as clained in claim20, wherein the novable
wall is operative to be successively |ocated adjacent to each row of

si ngul at\egyudP hBREKAGIEScAUMd BY SsiRQlIRRd FaERREsSatenbthalibjédteto’ P RIm vacuum
hol es hol di ng the singul ated packages are subject to vacuum suction, but an

adj acentsuc@nof -33- vacuum hol es not occupi ed by singul ated packages are
not subject to vacuum suction. 24. A pick armfor a singulation handler
systemfor a strip of electronic 5 packages, the pick arm conprising

nul tipl e4i cka ysick agrei foheadinguddttbrivitendich s Rirc - SWipv af Wisethaas i s
further connected to an independently controllable vacuumcircuit. 25. The
pi ck Sar rhaskagesi thedich agngampising miutele WehppivicHyMaheagmrandewhe®ir ol enoi d

ol o B PR OPRAAER bR Rt kEktect sl an e tRBeby Raffoille L0, ™

carryi ngsacagpusirgnt rol devices, and a convertible part containing the
mul tiple pick-up vacuum heads which is 15 configured to be coupled to the
standard base part. 27. The pick armas claimed in claim26, wherein the

convertifd e IS, further ¢ i gur tg,b | . accor.dj o the
confi gur%‘i oﬁﬁf') ds"la(ng"’ﬂ a?gddagrﬁgéagegﬁtﬁg gé g?@@%ﬁggg%”ngzé S%h%'%é‘i;ck arm
as dbai nefendld cbatrol vive vbeipeised imeaclopyendrdireupart further

26. The pick arm as claimed in claim 24, wherein the pick arm further
comprises a standard base part carrying vacuum control devices, and a
convertible part containing the multiple pick-up vacuum heads which is

15 configured to be coupled to the standard base part.

27. The pick arm as claimed in claim 26, wherein the convertible part is further
configured to be changeable according to the configuration of singulated

packages to be picked up.

20
28. The pick arm as claimed in claim 26, wherein the convertible part further
comprises a pick head adapter for coupling it to the standard base part, and
vacuum heads and vacuum paths connecting the pick-up vacuum heads to the
pick head adapter.

25

29. The pick arm as claimed in claim 24, further comprising a direct drive

linear motor for driving horizontal motion of the pick arm.

30. The pick arm as claimed in claim 29, further comprising an eccentric

30 mechanism and stepping motor for driving vertical motion of the pick arm.



conprises a pick head adapter for coupling it to the standard base part, and
vacuum heads and vacuum pat hs connecting the pick-up vacuum heads to the

pi ck head adapter. 25 29. The pick armas clainmed in claim 24, further
conprising a direct drive linear notgy _for driving horizontal notion of the
pick arm 30. The pick armas clained in claim?29, further conprising an
eccentric 30 nechani sm and stepping notor for driving vertical notion of
the pi ckafr m A-pidk-ug HevitePidt e YinglRiionendrifefsydtamUiortd Stiphandieefrosigst em for
a strip of electronic packages, conprising first and second pick arns,

wher ei n RREKAGEEclcomprisitd el ausl Becongl Elcgi armsip wWheseinmeaehdpickapthmwher ei n

each pick-up.vacuum. .he is further. connecte . i hd e
cont rol I%%H@”?/%cﬁum@gr@g*ﬂlp ?J@%ﬂ?@%gl @E’Eu\%hé&ﬁc%eacﬁssgﬁgﬁngéé%mcI aim
31, whergddd istfarteebomiatleditcan pdeprpgentiy confraifdié Qaé@a direliat | onshi p and
havesa common pi ck-up position for singul ated packages.
32. The pick-up device as claimed in claim 31, wherein the pick-arms are
arranged in a face-to-face relationship and have a common pick-up position for

singulated packages.



