-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 el ectronic 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, tSHEUEATIONHANDLER SYSTEM ROREHECTRONICRACTHAGESCcapsul 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 seppichl 8f theaRVERGEA one another. 20 The separation of the electronic
packages i s typical 'y conducted by sawi ng. After saw ng, the packages need
to e further processed, for exanple by washing, drying, inspection and

finally_offl oadi ng. e sawi ng approach ;is disclosed.in US patent number

6 165, S5 AT oAEt 1o d G e AR RS OBBISRONE PaFtAdes TETMebst ot o
Buri ng gh ¢ BemmaflicaRiaPRIARERIURE (8ORKCRARIIINGY of Fiufiacsl SlechEnie 25
nesting jig saw ng approach. e nesting Jig saw has been one popul ar type
of sawpackagesHodsepgrhtor by eticing antdoi fudihet pyoceAsimgsaftdradicing. a 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

sawpy pagk Sund ARHeRidAt @l | the sawn packages and the |ower and upper
nest's aT'egC&g'l"I’"lT%_FO'g'ETHET to 30 other processing stations by a pick arm
Szbsequent processes, such as pick and place and sorting according to
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ackaging, mullt#?)te 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 o

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 acceording 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/rewrk trays. 5 However, the
handl i ng of sawn packages in this way,is conplicated as nests (both upper
and lower) are required during sawi nd as well as during the washing and
drying processes. The nests can be conplex to fabricate and to use when the

package, 8 packages
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conver soffloakieti 3o tpdzasmttabes ctrayd;i drfcmrmt&rspaﬂide@mcﬂpaﬁmgeerwewﬁﬁbédm fxaubs equent
handl i nlg Fotarj t he sagt? a}Z setup and conversion tine are increased.

Anot her ' BR AF rYjeerewaps avsn us patent nunber 6, 446,354 entitled

"Handl er Syst emfor Cutting a Sem conductor Package Device". It discloses
an alternative 15 nmethod of handling packages after saw ng, without t he use
of & neblbivegef,i heshandlingnst eadn pMagemnpmeSISacmplmdted asohbstst ed by a

transfer carrier, or collected a .vacuum head. Subsequent esses are
si il ar(ttQShPﬁB?éaBQr'@‘HPFw\eﬁie rﬁqu'&ﬁieur%ﬁawm%aswé!msa UG e yas ®9dr yi ng,
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vacuum and transferred for washing and drying while the packages are still
hel d byp@wge\sa%mﬁ GBEET mcmes:h@é\m Hﬁnﬁﬁd vahymgs M#e ﬁaewges% Qre placed

ont g goﬂl Rt ! 2 Ror it Men‘?f afc’ﬁ(%é ﬁ@»&;ﬁﬁhﬁa su%%g{?@':‘?try drying

and 1ea I NSpecti on. ere ages re put onto

a turnt la@rhdimgl tFFbrethbls‘afrm reapﬂoat getup etmzbcc(mnermbnmhm)aré(mbeea@ed arranged in
al(ternatl ng 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 held 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. Thereatfter, half of the packages are put onto a turntable with a buffer
plate on top (on which pockets are arranged in alternating format), whiie 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 tc#accommdate t he packages effectively,
since sone formof guiding wall hasto be provided for each pocket.
Therefore, nore expensive fabrication nethods are required. The buffer
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packagegud e Mepiopek @thoemdnt. \Gie theond he A Othler cleafatice etween ey poskét t he sawn
packages to vari ous processing stations wth a "sliding" approach. The sawn
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t hen be conducted before offloading the packages to a tray, tube, reject
bi n or temuffasiplatesor isrpntrigdidiery phenssrenahisrasg pbviggs when handling

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 difficuit
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 ajot 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 FgRh&miorae oﬁfy%lpdﬁs @érdnh@arbaét;%wéafa?scﬁfé BéttdMSsurRRekagapear e
supported on the platform’  Summa the Invention 5 It is thus an object

of the pa@gmtﬁdnEﬁmppeéedpntbe@Mﬂémwa singul 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 QOmn &Y' the IifeRYibded a singulation handler systemfor a strip of

el ectroni ¢ packages, conprising: an onl oader |ocated adjacent to an

onl dadi ng | ocation for providing an unS|nguIated strip of packages for

si ngul Lo -a cut for untln stri.p of unsi packages
*he cutttimghhE bt B EveBlaRan Tark B podtif g tiAhn Bagd

si ngul aéys@érnl fepgfrwaaée&ffurﬁ@ Phb@agésrwmchsemdyai r@bgﬂs&Me%ffth@@%@é' On

engi ne; boat for si ngul at ed packages that have been
renovedshcrrtmnmhgs Oéptlonwghphgleaﬁusw“&h is 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
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si ngul ated packages fromthe rotary turret device to contain&rs In which
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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 singulation 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
refative orientation, a gang pick head for transferring muitiple 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 locateg in 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 @hkiudtatidAlofivaciOin SutioRObred © VRINMIBIGIWIRBHh atB @otioRcliegmovabl e
wal | is operative to cease -5- communication of vacuum suction force to
vacuum bipbiggulgted haakagesot occupi ed by singul at ed packages. According to a
third aspect of the invention, there is provided a pick armfor a 5
singul ation handl er systemfor a strip of electronic packages, the pick arm
conpr i SAe@oerégt {oPhanRl Cspidet LRMUITVEARBA, t1iRE WARLAKE] FRBIKPAGK Ffpavacuum
head is furthér connected to an iIndependently controllable vacuumcircuit.
|t \Bi | |sibgulation cmiredier tsysteen donad tsérip defs eleictrenichpackages, i the pickgasat er
detail b 10 reference.to the accompanyi ng, drawi.ngs. ,The particul arity of
the. dr HRBESIRN M OFRIE PIokEHF HoRULEr TR ACs NRBLET a5 BIRIPsVagiHs
super segeiMisliRhELESAREALEY tPhn indEpePiRtly CORMOIAHIS Fhé@imQirchite 1 nvention as
defined by the clains. Brief Description of the Dramngs 15 An exanple of a
si ngul ati on handl er systemin accordance with the invention will now be
described with referen to the_acco nyi drawings, inwhich: FIG 1 is a
schemat it il B COMUGRIENE o STRERT RERENES 18 IPUFtaRC B ITRISt Gt BYst 20
br &ier ! ferefibedb TRBtacbripfyind Galifids, SR SHitNSIRAS hediaNiieiTanl of
various nodul es o? t he inéupati or]1 an Ierﬁ%&s%e% and r?ateri ars ffjow, FI G

i s antheserated idescriptiorois tbktes baguiderstond ensiiperseginpahegersnaity dfn FI G 1;

2
tzé Pl G ih2 broad idsntication oPthd nvertion as defirelby e OBima. ol ©F system according

Brief Description of the Drawings

15
An example of a singulation handler system in accordance with the invention will

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

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

modules of the singulation handler system and materials flow;

FIG. 2 is 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. 4Ais 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 systemwgth 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

requi red vacuumforce is generated to hold the packages onto the vacuum

pl ate; FIE.@B shows an isandeviceiewof theebufien beatnytipthekvasuwn plateiholdingei r face
to face co- center relatlonshlp and the basic structure; 10 FIG 7 is the
|sonetrq%av?%RPB?CK gang 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,

FI G5 8HIGs Qs amress-sdchonal side wview obdive beiffen bpat wmmvuusgatemhswxavacuum

pads for carryin i X _packa O F S an i tric view,of the gang
b ck arrﬁﬂpur%gﬁ%@rﬁarqeda%P%{fﬁ?digéabﬁhem%ﬁg?s ohi e Ve B Gang i ok
arm pi ck head; FIG is a plan view of the rotary turret device show ng the
basi ¢ arrangenent of its conmponents; 25 FIG 10 is an isonetric view of the
rotary Rl@ eis aleendeiewlobtha tuab gang guick aimasvsbbwingethdirafaceftol face car s
showi ng_their face to da e co tenter rel ati onship and their basic
struct Lﬁeéwter refationship and the basic structure;

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. 88 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 #lustrating individuatl vacuum

control valves for each gang pick arm pick head,;

. FIG. 9 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 wacuum head of the dual offload arnmns;
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 nent of the invention; FIG 17 is an isonetric view of a
tray of FlG@atieis a fibht FHe@& ofldn pffload arsvittestratngvsraali eertiwa!l mgyemdnt @f ahei ng

| oaded ontqQ.,a tray carri by . th ush of a tray kicker; FIG 19 is an
isonetrl”@"(}ﬁi‘é@!/V@PﬁPH@‘%ﬁ‘Fg@ PiGkagndy %?eiqC?‘PESEfuI ly input 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
FI G5 21FIG. #4 ds esserslagedosedtioant] sidieeviewf oft dre indidgualavaduedn dveadhef theay
carrier Wwhi CfH further illustrates a linear notor that is coupled to the
tray cafH@lfload@iNPed Description of the Preferred Embodinents of the

I nvention 30 A first aspect of the invention relates to the overall working
nmet hod and sequence of the singulation handler systemfor the singulation
of stri pEGoft5-é&howd gicd neorkingpsefugrase ofich vasuldGhead! cQiprizimkagemalltFl G 1 is

a schematic e
release-assist pin inside the collet hoider 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 Description 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 singul ation h@gdler 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 é@@tm&dbsékagé},eSWaQ@Qheén@gzmadddeagegpr#ns’.npi@abéﬁﬁe%aﬂcab' e

nodul e 3, 10 1 nspection and turret no 4 and of fl oading nodule 5 on the
ri ght hateh @eweofaf singhmtisavhanadigmeystem lacadiding tntheuprieferdéchgminodimante nount ed
onto the %Ql oader,.1, saw en ing 2 and saw ha{1dl er 3, 4, 5 for carrying

mat er i aPE 108, HEENtio, showing thei BASIKaAUPRICEEET & VI up, BQlilies quence is
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at the poOsition oa ocated on the left nd side of the

onl dadi sipguitatiani tendléredierg ascshdven mawiGerigi ne 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

with regp ' Jid | h®-an! 1.6 | ocated
at the g\l e g%%teﬁgﬁo‘ﬁrﬁdgg% A%Q?rgg'@%‘ilﬁ @l@ﬁytd#a?ggn Eg!to%?lh‘gﬁaqﬁagévndﬁ ection
of the pnsidgahansd@tated sifip phpkakpestio & bingatatioadirrepw Engiaeidanda i n a
direction substantjally perpendicular to the direction of novenent_25 of the
Saw | | gSBUC TRRHOT HCoRPHARPRGST GeRErally SPRIPLRBYs AvPuiE FADIE THEGUIGr Bent at i on
of e i ; hi 1 t I | LK | strip
e Hn el ERREah ah e PRI ard iobdifig rFRAEI BF 1he FBRL b Slad 8 <5 Phe
| oadi ngthe saw engée Pi thoading dickualoadimgdarsis ae mpdntedaorstbehe onteadetr i, p to 30

a‘predeterm ned | Qadi ng position of the_saw jig |located. gt the chuck table 9
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and t hegiBuiation 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
jig. 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 sawing process at the saw gngine 2, a second new strip of

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

strip u r 0; S , the
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posi ti oguetfort rethRhsal jigakilicbflidsap as hofd tray sirig, aaduhdarthe medtip vl inhdiee Of t he
unl oading arm 10 for picking up the strip. 5. After sawi ng, the chuck table

9 will fRW ﬁﬁl@essaw?n@neﬂcfomewmgmm&o 15 the predeterni ned
unl oadi ng position with an orientation such that the sawn stri p' S
| engt hwi se direction is perpendicular to the main "left to right" materi al

trargfeg, di r BefringntheT88wvingl padiesd aartAe dawidngind ok aupe@dnid hew sRinopackages
with a vacuum head havi ng_vacuum hol es arranged in the same attern as the

packagesinsipgplated garkagasewilk thep ber inpat BRaNeRtieNedginostep Heaod vl remine 9 of

it he 260 P ol Sighnd MANGTEEREISHRE 5h S RGded berore

si ngul agh@img. ( 6. The loading arm7 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 sawi ng process. 7.

Th acyum h . u I 0 shi.ng and
e s AR SRS 8, A5 e SR o AR 20
dr ying sia@x'@eoypbaﬁﬁo%bbeetth@ med@é.‘rahed mkﬁgeﬁther@lm t@BIeh§|s‘é Aytd he
uhl oadi ng arm 10. he washi ng and drying gence and cycles can be
progr am@iﬂéemn@arﬁeﬁot@ timernfdhe Uﬂlﬂﬁdﬂtﬁsarmlw ar pigkingdueithe sigipqual ity of
t he packages. Rinsing of the top
5. After sawing, the chuck table 9 will move the saw jig and the sawn strip fo
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 will pick up all the sawn packages with
a vacuum head having vacuum holes arranged in the same patiern 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.

6. 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 unfoading 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



-10- side of the packages is usually already done during sawi ng as the
cooling water for the saw blade can clean the top surface of the packages.
8. Wiile the unloading arm 10 hol ds t he packages by vacuum secondary 5
nol d side drying can be performed at ,fhe air knife 12 next to the washing
and drying station so as to i ncreasd®the dryness of the nold surface of the
packages such that the subsequent mark inspection on nold side of the

N oSl oB3ackifed s FRAFY il o R R SH LS adbebly YA Gl
at the fefthe Bancbiaddeaafciddretheanglsetfacavdtiepadiigiest he packages hel d by the
vacuum head of the unloading arm 10 cones into close proximty with

surfaces of the top plate of the buffer boat 13, 14, the vacuum of the

the o Baai ngenfheUhoRBRth U ROIROherbAMAdkS BV WashUfh SecBRRR"E: "

r el enseehdid skicTapmiE cab s p@ﬁurrﬁed witithe dimenifeaqaumxeftotine wadtieg abaat 13,
14 will keep increasi ng Eventual |y, when the vacuum of the buffer boat 13,
QF

14 rea€hég atadignisst ag rgpre@aﬁethe(@wesvaokﬁzg rr@ddjsuﬁece./aéthmpaq: ages

of it R ot g sLRPRve R BBChiBnAT Y m i Sidg, Fihs BEPRIgsn WG\ 1 T

t hen capg¥%ffakled he singul ated packages in afixed 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

trhp befpre sinqul ati,qQn. air ai.r _kni 5 are cat ed. above the

bu?[fOs goat s*ﬁ% pﬁ% %ﬁ'ﬁ%%ﬁ‘géﬁnﬂ%&{'% Wewﬂ[ HE WuPr'&rOhit ST 14 pass
under t gegéd sQ&ﬁi%fs 5mémddigr13dr1n ibbgteaaéakmaqeﬁ e SHEf @ thBaRinglldr3, 14
wi{l | stop when t first row of packages thereon is at a position
wher e tﬁ@dg&ng‘ﬁl&Iktheipm@%meﬁl@ytthe V@cdwnamlacbbéﬂ’lﬁ veleading ame)10i s abl e
to pi Ck ol es |Eio RS kagromme with surfaces of the top plate of the buffer boat 13, 14,

the vacuum of the buffer boat 13, 14 will be activated and start to suck the

15  packages on the unloading 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 leve! (say -60kpa) and the vacuum of the unloading arm

10 drops to a satisfactory level (say -Skpa), the transition of all the packages wili

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.



30 vacuumin a row by row manner. The transition of the packages will be
simlar to that 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 pqu gang pick arns 17, 18 alternately.

I f the nunber of packages per rowis not nore than the nunber of the vacuum
pads of the pick 5 head of the gang pick arm the whole row of packages can
be picked up by one gang pick arm 17, 18. 12. \Wile the sawn packages are
goi ng through the handling processes and the second strip is undergoing a

sawi ng prioceFheibuffdrebeatwl Entd vl andéhene hondford@raavinest thep fimitIrbwuisder go t he
cycl e begi nni ngbf romstep 1. Hence, multiple_stri Esr can be worked upon
8

si mul t aRESEd|Up by the tragt 2 Baek agnapiskiams 17, B atematelysittheumeere t he

unl oadi L : %Qa% i in a

st and- b@%@ﬁ%ﬁ?‘?‘ﬁff’“’t'ﬁ%& C kt?éﬁ%@g?nﬁ%tozgwﬁ%‘%@ﬁggégso fwgng(econd
strip (hepéaf tihe gemgtpdek arrhotheliwholkdrowlbEpaciciges darable pidkedhsp byanegang pi ck
arnms 16 (one at the_front and one at the back) share the sanme pick and

pl ace cEAP@PIGHHE TFhd§ 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 arns 16. 15. Wi le one gang pick arm 17, 18 goes to pick up

packageg2f r owHileetheugdwen pdeRaged dre Hbingarhedligh tigahangiiek peodBséés ahd noves
t he sawn packages towards ot her downstream processes such as mark

i nspect ffghsegondhstripaiskundesgeindi @sawing pierass iarthetsaw epgineoddihggthildem to t he

OURS Y, U Sl S8 e 8 oyl pRBRRREROTSERLY, BRIk e 10

will first go on top o nsp ron~station or a while
for mar kampeanstkanluponwimaltanedusipect i on. 30

(
13.  The unloading arm 10 will go to a position above the unloading 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 5to 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



-12- 17. After mark inspection, the gang pick arm16 will 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
performed. 5 18. The packages on the,yacuum head of the gang pick armw ||
then be transferred to the vacuun1h%gd at a placenent position (1) (the one
along the pick and place center line) of the turret one by one, as in step

1019, 48 ChAbB AL SRR dohd HRRALA TS Qo ShotBsuliamicad 43

t he gan 10" pi m X “one pac aoge 0 xt

packagettetighttyaridside 38 20pdditdn abovel 4.pabRagdicbbediltey pesitdry of the eftagevi ce 20
rotates one segnment to turn the next vacuum head 48 of the rotary turret

devi ce horetslevisecil wherpvateus progessricwilldie pamorped. 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

packmgeyst heThétﬁ’ddkaEéQr(ﬂi 18 Wae8urO huhd |0f5ﬂh@CQ§r$% RER arfmOhWal ehddy bleur t her
segnents and the packages on the vacuum heads of the rotary 20 turret

devi f:e tzens»ﬁelrnedgf@ ﬁﬁr\éﬂ@wf@ihﬁﬁér@n@ pdﬂQﬂf@%fﬁeBOSifﬂtl)mi(ﬂf @hemnqoagngi bes
. . : . Stk A
post t1 ofk Sndipkd Eptier Marof e Bl 6% Bl hacBedt sk haui 0 o5 s package

orientation nodule 23, a five-side inspection nodule 24 for QFN packages
and a second precising nodule 25 before being picked up lgi/ﬁdual of f | oadi ng
arns 2618t aApesthe st ppokape BIransdersedrto pitukehvacyuradeadetfl.dheigang. 22. The

du of f1 padi ng-ar 6. are arranged in. Ll ar nner_a dual gang
oi ol ar BRI 7 B wilcngeR, S BakHes, Pidy WauTbn Mo B Raod Tl Bvibas ST our
i n.thi sgeR¢ Plcicathert, raameatef oty tlfel aBVHE NP adatadd ofe Ricgmetit $30Si tion
30 (13) "of "the rotary turret device 20 by vacuum al ong the pick and pl ace
cent er iurnghe nedivacHuer ReaddSaehite7rotay tusietdayica RO fgopitkigkadgbe to a

cont ai ngr, bl ey

15 20. Repeat step 14 to 12 until alt 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



-13- 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 thessane 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 st rdoa-.psrrs@uathéilé%v fibe, v&yn@’teﬂ 8r bthef UHISXIM %@&H'Z’Qe@b%a'&% of
packages fromthe left side of 10 the saw engi ne to the right side of the
saw engipackagestaz rgjectbin anmedmg ite thqalrmpeoilwsza‘ulta of ithey mharkingrardiod| er
system accordin eco rred e the 1 nventi show ng
an al te%’ﬁgtq Eagr’?%ﬁf’d“@ﬁﬂnt&gf &ﬁ’aag‘g RORY r@sgﬁ% &’OQBH‘QU@%‘{'?%BHandI er
system %@jar@%rﬁfhleaéaﬁﬂébgﬂ% er iRé quggg(zembe nla@@! oader 1 is placed in the front
of the saw engine 2 e onloader 1 is [ocated such that a material flow
di reﬁtlon of an unsingul ated strip of packages to the onloading |ocation is
in adir | subst ant i al | ta the, dir ctlon of nmovenment of the
s 1 o 20t wilie SRESARnB 6 2 e $ad Wik SR Ate BTOGRESH di nol y.

t he strips are rotated by 90 degrees as conpared 20 to that shown in FIG 1
such that a strip is input so that the length of the strip is perpendicul ar
to the ridwevent éhe firstf dspectiiaf dbeiioverdioth sanat hmited dot the said;nst*siprihput

I ent at ft ] .S t | f t
S AR BTGB o e SRAA
staghon i Sal 8RGHe! 2 o 6 WEAD sidecor el ife ndridies 84 baithage system

ich simlar to saw an er systemshown in F
?own i midH @fevﬁ,oft ke singptatioof hahdlenrsystegnl adoaddisgr icpa secped kagtesrerhn be

om a azine onloader 1 located at the front of a new | oadi ng and
unload| @gnel?o iment OQ?T d n 6}

modules of the singulation handler system and materials flow. The magazine

e Invention showing an alternative arrangement o ous
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 parallel
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 materiat flow direction and parallel to the sawn strip
orientation after sawing. Separate modules for mounting loading and unloading
arms, accommodating 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 unloading
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:



nodul e. However, the orientation of the onloader is perpendicular to that of
the 30 first enbodi nent. Hence, the second enbodi nent of the working

sequence has a different |oading and unl oadi ng sequence that will be
described as follows: -14- 1. A stri \%4i_s i nput from a nmagazi ne onloader 1 in
an orientation such that the Iengthwse direction 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 engine 2 and the handl er nodul e,
consi st 4, of Rostdprg inmndromm boadgagneromoatier 0in an stientatipn etickithgt theat i on 8,
a cleaning station 11 (nold  side washing and drying) and a segondary nold
si de dri{gngghwisardigastion of the stnpriseprerpengiciiaiiioithe oAl fefbiq figBt dJARWader 1

goes in : ' 1.ging station 8 where the strip is aligned to a
pr edet eb%tér’\@ t?)atrrfsz%tdgﬁcg’h.ﬁ' The orientation of the input strip is in such a

way $hat the lengthwi se direction of the strip is perpendicular to the

"left to right" nmain material flow direction. 15 4. The Ioadig‘g. arm7 then
pi cks up- t heAaSeRpate saedyleanamelathss kadingandtynlpadipg moguledehichnisned

| oadi ng Lyt ] f .88 I.ne 2. The
ori ent aP E@%Héﬂf %{é ﬁgé%'g\;vﬁ?lg%dvan@?@%g% {Qﬁﬁﬁa@%@@f‘lﬁg r?éﬂglts % egn\falf) %ﬁ%gt hat of

t he i npahd sintdgding Beme at UdMaadtrip eccieing] station Bl aRiddring ptationhd! tnblie stri p,
20 and the strip will nove towards the saw for the saw ng process. 5. The
remai ni Aigesurpiung andidryingbpnd @ sacepday meldsidedrying statiolt 12nbodi nent. A
thi{éﬂ aspect of the invention relates to the design of the dual buffer boats
13, " 25 14, the transfer of sawn packages fromthe unl oading arm 10 to the

dyal buBfer Whetstrip3halsk irpud ffararthehenldaddr bujded ilt@ahe stdp prdcisimgt he dual
gang bl gtl;tigg nSEw%gr'e the strip is alighed 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 [oading 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 16.

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



FIG 4A is an isonmetric view of a carrier device in the formof a buffer
boat conprised in the singulation handler systemw th a vacuum plate on top
that is 30 not hol ding any packages. The vacuumplate 32 is a sinple plate
with an array of small holes 33 to q%qu packages in the sane pattern as
they were created on -15- the strip. '©&le snmall hole 33 is used for hol ding
one sawn package 37, and no conplicated guiding is required. Side barriers

ar oppi nGbFT R nS S ta e yseRTe haiind ReRB baBRE B oM e e
buf f er b@m?liwtbh @uh@in?a@%&u@é@t eSibelstrnersaBs dlomy ity stfespafropafferThe
transfer o 1_£ackages rom unl oading arm's vacuum head to the vacuum pl ate

of oneI beat %plree/enbaa@lsag@zsewafgomdimlamg afbthe vamwm pladedend & |4||318 comes
15 %1, BBt it S 1 BUHE, ot Biyihed Vi gl fighttad n Poa oo

vaclgim atray oh@aekegssn head of unloading arm 10 is reduced and thus sawn
packages 3% 15 can be transferred to the vacuum plate 32 w t hout
significant dislocation. 3. The | oaded buffer boat 13, 14 then noves into

B ment 1 Br Ao 2 Pkl et UaRRhp 4835 45T hegth b 1Fr BT B8t S  andby
posi ti opf 9% offHeOBRGFeThoNe Gl g folRisf rom t he next sawn strip after all
packages are transferred to the gang pick arm 16. The dual buffer boats 13,

14 recei ve packages fromthe wunloading armand transfer packages to the
ga pi ¢k ar al t.ernate in.__such manner_t.hat..n.ni nal del i f any,
2 B Cotnt or She A BrgRBIENT 38 qohs 5 e RRGImi R TRk 55 e ' 57T
cr oss- segiof oRalofshaleuffeewostk thaqbuf fer boat 13, 14 which illustrates how a
réqui red vacuumforce is generated to hold the packages 37 onto the

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 168. 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 plate 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



vacuum pl ate 32. The singul ated packages are transferred fromthe buffer
boats 30 13, 14 to the gang pick arnms 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 small through -16- vacuum holes 33gare arranged to match the positions of
the array of the packages of the sawn strip unloaded fromthe unl oadi ng
arns 10. Each vacuum hole 33 is configured to hold a single singulated

packageyaAiYACHEBsPBBNafk! ar@AgBaCioS riatkRCHHEM %Bﬁﬁ@’ﬁ@roiﬂf%\é NarpayTRfNtHeody of
the buffer boat 13, 14 to a 5 vacuum source 43. The vacuum chanber 45 is in

conmuni packagemftﬂhet&mvn staipuinoadedckogctheAinloadiomaregul it backl ¥acgumper at i ve
to cont e _vac rce to be applied on the packages 37. The transfer
processF‘P@ ég ' (ﬂqn wéredfpo E*Plgngfsé’?gi sp%gLﬁgtpg!tpq%\@gg é‘ %%é‘% a:{;’ﬁmbuf fer
boat 13¢odded®\E abturd ctﬂaQn!ﬂé}SJlﬁ P Wé‘ﬂ{%oweoffthésduffé?vbdﬁt ihepaglkages are
aligned with the pick and place center l'ine such that the dual gang pick

ar meb 16vaeuurpi sdurap 43 t The evasaukagoambeir ndd tlanaommhmunagaumr with the
t ransport atio

ft ff boat d
rorapoedliBhells [, AubEiB Ry A2 18 onbrafle BS oafoh i VaBtumi | e
packagesrgs té B@récﬁ‘)%b‘@npch@tp%cﬁggég 3t hﬁ’h@%?é‘r@fer%&e@rs Adiopbfshel d firmy by

the suction fo the array of small holes 33 that are maintained at a
hi gh vacuum (say 5C1<Pa) by a comobn vacuum source, e.g., vacuum generator
i ck, head r..40, of k arm 17,

28 vorad P iMBisséeol b st wfﬁaeﬁ%f e e 33 o TRdvee i onl 15
14 A0 Gogigftyidle th@&ﬁgﬁwof el eB AR P BRkaES ldcem (e

vacuum plate 32 is reduced signi e vacuu pressure of
r?e buf temtebdine sl@h that & dealgdreyvpeick (@me 18 @kPyicks upmulipte paekagesk head

fiinger s:muﬁt%ne%)ﬁelrt a sufficient net

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, e.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



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 vacuumdirectly to connection to a vacuum

regul ator so as to control or reduc t he vacuum pressure to a preset val ue.
30 -17- c¢) As regards the first FOM/O? packages 37 picked up, the vacuum
stability is still not a problemas the nunber of enpty holes 33 is stil

li m t edopvenagfy gsérdshﬁe f[rgﬁw eﬂes?mlgfeéss 2 Bickéd ug%tﬁé GhEuH étasmﬁ,gegkages and

Ieavesallmte nber o r exa , SIX enpty
Ther ef ostdl notha pvalmlemras élaﬁ(agmhes of @nmtylholemBS ssst:bhmlted.evﬁnaafﬁeﬁretheof a

second row and s e ack ck Lt r.ow of
packageér,swﬂﬁﬁgtim @Vﬂq@gﬂsﬂc Sall E?Sn nf{&éﬁ’eﬁ&tﬁsﬁg rrﬁfve t he
next ro I dihg to a
posi tion ?y ﬁ ﬁg&;ﬁicrﬁe%ée%glea Shggquﬁ hw,&égb]sﬁ];)ﬁ@foﬁé Filhg‘@ac&l?r‘i'i %rlg rows of
packagestilbnat segivoged from the buffer boat 13, 14, nore and nore enpty hol es

33 exist and therefore vacuum | eakage problemis so serious that the vacuum
regul ator 42 cannot nmintain the vacuum at the preset value. 15 b) To sol ve

this preble erSP%oat V\%}édﬁﬁ @ng%séq%e?ﬁ??cy é&@ég@% the vacuum chanber

45 of the bu conpri ses |ch Is novable relative
to the vacuun1ho|es 33. The wall 38 is operatlve to divide the vacuum

chanber 45 i flrt ortlontha is s ecf to va suction .and a 20
second Bbrt i HR’ Hp; xt $oy; A2 99%0&1%7? ﬁ%’ f# FoYeE Mal | 38 is

OPEfAL | NifedtfonCEASS nt15\f‘ebﬁ+éoﬁé>\‘t By ¥PEH Cht® hér%@ﬁt Wgh%‘ﬁerﬁ ‘FL!'l g holes 33

that are not occup si ngul at ed” packages. one arrber 45,
t Ze yaccmrmsmgmisraag 1] azpbsmmd afalcempmks}mad:mg@ 4. eAsshnwataBdF {60 5t Wbeﬁl rst
porti onmore rows of packages are removed from the buffer boat 13, 14, more 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



of the vacuum chanber 45 that is subject to vacuum suction. 25 c) The
novabl e wall 38 is always located in front of the row of vacuum holes 33
that are hol ding singul ated packages 47 which are being renoved fromthe
buf fer boat 13, 14. The vacuun1p|at§1§2 is indexed by one row after all the
packages in the current row are renoved. The rows of holes 46 correspondi ng
30 to the previously-picked packages that are not occupi ed by singul ated

packageﬁac@rrﬁ IddKagesy idirattoaht eutat ?év@@fbé@!@ééb%'ﬂ%mwbi%ﬁéd% A3 and
therefore the -18- vacuum | eakage is limted to the current row of packages

47 bei ng reswkdloe uacuuny level casdie maimiained @l @m acoeptalie feved ofrabatitaidried at an

t I f wh h t. dth
ai 51 ooariOohP By “hiiscBEe, #ngub g ARiTR; o ftchis! RES S B Rer boat
13, 14, rdeWoWbeﬁ@%thefwffel@%é@g%S 18, WhaBsdrRall teﬁoa@ﬂcw géc s of the
gang pick arnms. d) At an end of the vacuum chanmber 45 of the buffer boat 13,

14, Sopplsansfer tQ)fhetIHQk baads ofithecgant) pisk@n@svacuum source 43, the wall 38 may
be further connected through a rod 35 to a linear notion drive system 39,
such as a timng 10 belt or a |l ead screw and stepping notor. Thus, the

requi regy posat aﬁ%nafoﬂthév‘é@uum chandtsdt dlﬁoﬁ@@t&oﬁea%awsdmhémsmettbe l'i near
noti on dr| ve system 39 and by nmovenment of the vacuum plate 32. e) The

above s¥guendecomnnéctedntoi Mﬁa \muum aourgen s, oﬂ1ep&(ﬂﬂa§85nmye bei fwdwerup 15

des on SRIENSSIE) HTORN G oekie> (had bt R ivs SRR AR SbATNBOcequence

hasical r gatlyr Baead %@ﬁé‘«md%dsteppmgehatdronrm m@ réqd“r%d gésﬂﬁ&ﬁ oPthé %n
invention. 20 FIG 6 is an end view of dual gang pick arnms showing their
f?ce t 038 mep ke easily achieved through the llnear motlon drive system 39 and/or by

movement of the vacuum plate 32.

e) The above sequence will continue until all 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:



center relationship and their basic structure. FIG 7 is the isonmetric view
of the gang pick armshowing its basic part and its conversion part. FIG
BAis atop view of the conversion part that is configured for the pick-up
of six packages in a 25 row. FIG 8B4hS an inverted view of the conversion
part showi ng the six vacuum pads for carrying six packages. FIG 8Cis an
I sonetric view of the gang pick armillustrating individual vacuum control
val ves for each gang pick armpick head. 30 In order for the dual gang pick
arms 17, 18 to work successfully for the aforenmentioned sequence, the
confi gufati offhesiuad gaog Ipicksarmd 97, 18 afdardnged gardape dk facermnaifer B8 ar e
arranged in a e.to face manner.as show ip FIG 6 in sych_a way that
herr rhawiy FS R It sUd5E WA b e TaPUMPe Biek Unaya Rt §7iaE B ok and
place capiifly Lidhg B HiBR RUSHIaR: cBhtet IRSH the BRltbmOTASa BRIk CHRPLLCK P
packages Trom buffer boat 13, 14 at a conmon position, suc as the sane Y
posig i othenardnmicle uprpmokeges frpnm blffas boatatkatte at anmrbmoaneodition, tduehvacuum

head 48 of the rotary turret, K device 20 at same placenent posjtion (1). The
Curret 25 e SEmeApPaRia. ari Mare dRWOrRALY JPEPSP HACKIBRE Ng: Y IS0 si ngl o

r epeat a AROSH th ' t g gang

pi ck 1%‘62\{%3%%% ( thé?ﬁ@'g%ﬁ?S%e\gﬁ:ea%@ngp%@%gé%%ﬁngﬁep r'ﬁc\)/rﬁanﬁby conmon
| i near Theitarretl20visng rokyishairdevisa cindathusaptefemabdwe ningrcasdas angihgles .
However, it is preferably driven by direct drive |linear notors 60 for sake
of si np'fqpéﬁaﬁ@aﬁrma%ﬂ%'ﬁta itian; toy rec@lyq the PaptAgesHrem bold HEngAN fikar ms 17,
18 i nggRed7i pgorder to avoid themhitting each other when traveling in
opposite direttions back and forth from packages pick up and rel ease
p?sitions. The vertical notion can be easily

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 60 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 afm 17, 18 can handle a maximum of twelve packages
and therefore twelve independently controlled vacuum circuits 67, including
twelve solenoid 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.



achi eved by applying an eccentric nechani sm and stepping notor 58 as shown
20 in FIG 7. 4. On one hand, the gang pick arns 17, 18 are required to pick
up nultiple packages frombuffer boat 13, 14 simultaneously. On the other
hand, they also need to rel ease packgges 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 handl e a maxi nrum of twelve
packages and therefore twelve independently controlled vacuumcircuits 67,
including twelve solenoid control valves 71, that are connected to the
respect bve pirbe-gang3tick acmuhi, Héaigsdigided dntoctwiat paits.i Agstahdarchbasenpadppl y from
a vacuuprspurce 72 ar rovided as shown.in FIG 8C -20; b. The gang pick
217, B3 ghet SineraenSif BT arS o TEbtom avas pealten At thesyatn <

per MaNEadityolBIEES 2l ScisnEs TP Sidhilahd SasEafor 18 BhdidgRPsiyCHNpihnt r ol
devices and acts as a standard base for the package size and pitc 5
dependedéperderd coniberibleoever partt6®1. c. A convertible |ower part 61 can be
easily changed from one configuration to another through |ocation pins 63
and holes as shown in FIGs. 7 and 8, and a pair of quick release |ocks 64,
65, A seal PAHMERINEIBIENGark 9 LACLLBARM BRafded RoRi BHEToRfyaRM | cakage
bet ween the pick head 62 and the convertible ower part 61. pi ck head
adapt ortoe8nether ftrough teedtioarpine B3t dred polek dseshbw? in &1Ghe7 andn§eand bl e | ower

t 61. d. . W handl i i f dif t nb f k A
Phe  160ALRbANC TS FasE T BoR e HEts BRerOVBAPS toa VorINREHARG ol ck ar m
17,1018 pevehPevaaitinagakdlfe BERSn He Bt& rﬁ@éH(Bgeaﬁnucﬁgﬁe 'bBHb&ftiblé"FJvﬁir“ pif it

is not nore than twelve or other predeterm ne er. As in FIGS. 8A and
8B, si xpadd@iumA piekdeadOadapopb8\dssids attachment af the pjckolied Bacloathhes per

row Vagg#vrgrggltewgwgpart 61.

d. When handling strips of different numbers of packages per row, the
16 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 (168). FIG. 9 is a plan view of the rotary turret device showing the basic



of the unused circuits will be shut down by the sol enoid valves 71
accordingly. 20 e. Wien the nunber of packages per rowis nore than the
maxi nrum nunmber of vacuum heads 70 conprised in the gang pick arm 17, 18,
the two gang pick arns 17, 18 may sggre t he packages evenly. For exanple,
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 ni ne vacuum heads 70. A fifth aspect

of the i j ary I VANe r aviges

oi xt con U A0RTRAL BELERERpRentE FRAZIA P 4 isimeRt gy the Sbtely UdlC. 20
each vdeuide head 48 being configured to hold a single package. The vacuum
heads 30 48 rotate segnent by segnent in an anti-clockw se direction from

position (1) to position (16). FIG 9 is a plan view of the rotary turret

devi ce j Le - it : 0is an
i sometr ?’g’g%@w@?ﬁ? %@gl}t"é a(r%éj ?3# i@%%@%%’%@?#ﬁ%ﬁg% tt%rn'('f@p%stlh ion (13)
ar e § ocgystdnPITHefriet ks thiedpdlife® of Y eaclunmeecall 416f rdlasytirendetice f or mer
is the gosmlon of the vacuum head 48 of rotary turret device 20 to receive

sawn paéRdgeecaivefseni paekagasgd bilfer Hergans pigkhammes (1he whilettbe latier ishe

packaget s oplioay BF HF; Pdiied hébe o8 Tt HrCHaiRe, 2o Rt o)

connect pdckaped GPor @lalveftigei srony 06. VTasnvaduuph chasdisuar padferabhp.alll0 Al ong
the rotational path of the vacuum heads 48 as shown in FIGs. 9 and 10,

t here cEANMRCIGALT BEENHALYIBBING GOUITE Via SHElRIPoRCHEN RBS 4Bhe arrangement may
be follows: 15 1. The first package precising system?2l is placed at
position (3), or a position upstreamof the rotator 23 that does not affect

the opeamrigohe @ttt hath 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 module 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 (8), or a position

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



adj acent nodul es. 2. A package upper surface inspection nodule 22 for bal

or lead inspection 20 is placed at position (5), or any other position that
does not affect the operations of other adjacent nodul es. 3. A package
rotator 23 is placed at position (7)poQr other position downstream of the
first package precising system 21l that does not affect the 25 operations of
ot her adjacent nodules. As a result, the nom nal position of the rotator 23

i s cl osgpdratibhe dPQsthél afiaBent AR IRREKAGRR-Sde Wh§TEdish s NS peRidifeuset@ament  of
the rotator 23 such that the chance of the rotator 23 damagi n§ the package

37 is |far N paclages tha@an have lead- dafdetsi nucheas smeandalur eet24 drsthiesicat ed at
position (9 r.a 1 tiQ downstream of the first package precising
system %&éqr%%g%&gg&ﬁf@yrap@gct the -22- operations of other adjacent

nodul es. Five-side inspection is especially useful for QFN packages that

can have | ead defects such as snear, burr, etc., on their upper surface and
foud sifles. A spcondspackagepaékising pygeims2hds dgcatednag pasdiarocit) eshere positi on
(13) where he packages are .picke p he duygal fload arnms ,26. This
Second DacRaEtel e TR U eheualDridad araf 12D | LhrEnd FRi@0Rant 1 or
accurat ﬁré@is@r@%&n@ﬁ‘j i@é@#ﬁé&lﬁﬁy ddefith8Rd %bbﬂﬁﬁ! o9 dcRutdta)pIRastishiSef The
wor ki ng sequence is as follows: 10 a. The package on a vacuum head 48 of

t he rotpackagesr 87 wben ceffloading taitrayd pocketpodinei working) sequertite it s

pr eci si@gg&l anps of the second package precising system25 15 nove from an

open st fo a closed state such that the package 37 is aligned to a
preget position that preferably corresponds to the required position of the

, a. The 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
o 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 because 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), ali 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



of f| oadi ng device 29, 30, say tray pockets, when the dual offloading arns 26
transfer the packages fromthe vacuum head at position (13) to the

of fl oading device 29, 30. 20 c. After the package 37 is picked up by the
dual offload arnms 26, the two ( prez%sing clanps return to their open
state. The operational sequence as shown above plays a key role in system
efficiency 25 because of the ability to simultaneously process sawn

Pt oh RGPS A, RO PR, ok Srdif W bl hrebBHRRG) e ' 2k ages

37 on t{ dtHer piocesyes HUdIfBRANSedfhentdt at e one segnent ahead. Wth such an
arrangenent, the processing of packages at the nore time-consum ng

processes such as five-side inspection will 30 not affect the system running

ot r aor EPHEPPHRPRENL 1S8R elcRES in SHETSEm s of VEBYPA (SRS, °
progessare pdquited. T ahss aBeRINahgerof tHeackaues hedds 48rgedl didd ackrieees in
size, different sizes of vacuumheads 48 5 are required. To ease the change

of the $h@iRnraRvrIsiongtimed thaukacumm dradssH8r aea dedeshable aNd B, bEBhe vacuum

ont ot nicPEA 8 FPAH 3Bl e ST Rt M BBPHREBE R0unt s on 1 at b5 1o

t he design and operation of the dual 10 offload arnms which consist of a
front pick arm27 and rear pick arm28. FIG 11 is an end view of the dual
of f | oadAasinh aspem@fithg inyentionf eedates doftheedesigr @ndeepenaipatefohendyaland t heir

basj £ s £ . Fl. i he. .1 580 L] i of .t dual ,, of-f Lo arns 26.
Thekfeaﬁt’#@%ﬂ]%&éi \ﬂéfgpocjaﬁﬁlgpi 83{6@&:2%?%(52?'@5%6?%{0’5@( ﬁ'ﬁsz%\n tFﬁ1é gﬁil ar ger
travel i goakleptiane® difthabiual oflrad aitad 26SsHOWING thély fade &f faR! 86-ceftegh as 15
prﬁeumatl c cylinders 77. It is for enabli ng one armto give way to anot her
duri ng relationship and their basic structure. FIG. 12 is the isometric view of the dual

offload arms 26. The rear arm facing to the front has a globa! up/down axis with

a larger traveling distance of about 25mm that is driven by an actuator, stch 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 offload 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



reci procal novenent of the pick arnms 27, 28 back and forth. The two arns 27,
28 are arranged in a face-to-face configuration as showmn in FIG 11, such
that the vacuum pi ck heads 75 on each offload arm 27, 28 are 20 aligned

al ong the sane pick and place center,kine of the system The offload arns 26
are preferably driven by a direct drive linear motor 73 that can provide a
conpact and sinple assenbly. The front pick arm 27 and rear pick arm 28

have a EQEHDANCE: %ur'dd&%uﬁf’hegés 75Cor %3an§%r%uﬁﬁtﬂé}to é‘éﬁs%h@ﬁ'#‘?%c#road arm

illustrating small vertical novenent o i ndi Vi d vacuum 75 fo

pi ck- anthrpugiteutastrequised Fl Eachl#acsurarnead @6 dedhes eotmipoisas 281 thelivideal of an
I ndi vi dua vac mhe of Ioad rms 26. A pick armpick head
adapt or P& "a%| gr aEaFB H?&’é\&’ EW hﬁ!? aggpnveiiible paft q{as f our
vacuum ﬁg@ i e hr t is
requi reg isavgguﬁﬁnf% E%yggfur?%%’g ggng??é@gsgtnafrﬁgﬁ?r&%al QH&M}JE head
finger gdctidBaishyqriecatedeatdthil tiyef théBchvaeribie qare 85ithfcrighea tva8|5urhqnathchang| ng
a coll e% for c?t eqfie g to packages of different dinmensions. Vacuum 5 suction
i s genePadiR} IBINKRIG R NAGHUNHROUW Rverti bl e part 85 through a vacuum path 86
that is |linked to a vacuum source. Each vacuum head 75 is configured for

vertical nmotion of a small traveling distance of about 5mm i ndependently of
t he ot hEachaaounmhdmadsl 75 shatnfigurgdddr vEBticaiomgtion cof pasrkalyetravedingf er

Sff{ﬁéhﬁﬁgar&é%”?@fp“e S50 neofeTleal o) dhe PR YRGUIBHICATST AL 1 8088t dr ven
o B0 LSRR KaL SRl Gt ROEVERc FORRRES i eyt e e
rr?w ng turetededced HP to Ebehofﬂoadmnge‘MCQQZQ s3@ir é’hbl ymall vertical motion
distance is best driven 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
156  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 3mmx3mm 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 collet holder 89 as shown in FIG. 14. The small pin 87 consists of



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_ €E vacuum pi ck head 75 and fixed by
screws like a C-clanp. The couplin ich starts fromthe voice coil 76
down to the vacuum pick head 75 is 20 direct and sinple, and thus free of
backl asf..: ARy e h e f the
vacuum 'E‘.ac': head?gﬁ% (fﬁ%l% o’HEI l!évtéc"ilé/rarﬁ%\rég2 Z%Htﬁ'% g%rﬁw ?P% gjgg@gges are

r el easesequence idas fsllmv&(sHmermrFfdGng&ﬁequence of a vacuum head conprising a
smal | 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 comon
probl e es g?qﬁ a&%p FOTR AP nmx4nm) ,
duri ngm1 offI% @ Hé/ ages ggsﬂagc Ipb@g@t ﬁ[faygrﬁ% no %uc{ﬁon assi st
at tghe holdgr 89 vmm:ketﬂat bﬁseaesnr@t oh la@ maéebaee ofalipaictagesiie holdersgtal | pin 87
is inplenented the collet holder 89 as shown in FIG 14. The snal

pin 87 %%m%tﬂ%o%)'lts TJ'Q'BSJ‘%PW‘{/UC{%OO%&QW@E calsisi® a flat upper base and a

thin stem The working sequence is as follows (shown in FIG 15): 1. Before
t he package 37 is picked up, the small pin 87 stays inside the collet 5

hol der 89 w Wheint thef Vaduupasectiesis agtietednthensaall s 8 7wakideothe beliatol | et
hol der 89, and the tip of its thin stem protrudes out of the collet 88. 2.
When t heoldat §8nvill rise aﬁ dj hegpin; immdl ber iavanhpek inte Be collatolde8Bol | et

Eg:@gr @%ca‘ﬁffg' tgé‘ P AR oW At o \ﬂ'fo}nl thgﬁiﬁl% BAfHe bﬁ]gn{ﬂl 5 l¢! et

ecause the vacuum alr upon ase of the

pi n andupwang. s apeeuldthe Amall pes8i will hbtaffeed ﬂhepmsuﬂba\@kbge pitk apfect the
uéual package pick up process. 3. The pick head 88 will descend and pick up
t he pack®§85Hy suction as

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 Jead 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.



15 usual . 4. The offload arm 27, 28 carrying the pick heads 75 will go to an
of fl oading 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

swi tching off the vacuum suction and,20 the small pin 87 inside the collet
hol der 89 will fall down and its tip“w Il push against the package 37 to
aidits separation fromthe collet 88. 5. The tip can therefore reliably

assi st theaig E§;§eé?fofrtﬁ Qﬁxféd?i%ntﬂé?atéé‘?+< gg_é@ihgj& oggpﬁfdfﬁtofoé @Age tray

wi t hout the pac age sticking on the col can | ead nor e
accur at eaplemcambns feindling fpacacagmtebusntowngﬂef poe Kety. afid thine samkatge pi ck
and pl ace ¢ e Wll be repeated fromsteps 1 to 5 for other packages. -26-
An ei ghPﬁC'&é?eElﬁc%mef‘ e invention relates to the design and operations of a
tray carrier and its handling for accurate positioning of the tray and thus
accurate package placenent. 5 FIG 16 shows a possible offload

conf$ guFiBi oh sbbwara pb‘s:tibbobfﬁgadieuhﬁwraﬁcmpdang)fflmﬂingeiasvicm‘ acaardingmbodi nent

of the inyventi The of f| oadi device c ray offl oad nodul e 91,
o can stehesprraied Smbadkman et e mYasanod N-piiosding de CPEBHEES o vi ow of

atray gfap'o?ﬁ’% motify 81 N223 %‘f@}té‘fﬂéé@gg%@}dﬁbﬁﬁ%ﬁlb d &3 #G, zmggigntray

stack 9 n a tray I ndexing |rect acka e and 10

then i nsonteatdc ividw of alttdyedfﬂbadar sMam‘erénoemptyt tTaytgaatys %(ersfrb'rﬂ la@d.
Instead of a tray offload nodule 91, a tube_offload nodul e can_be flxed
dependl ﬁ@péhtrtauest@%§3dﬂ a Hawa@@ﬂn@d@ecti@w 9, flled yathepAtkagased/ @dan enpty

0 Delrith e8fes 8 Phikd faY statRIdd Giecinelthsy @@?&rm&d gl Bk o tray

kIC IC View O the en | fully
i nput ooffleatiactuleyl Laa tuker of lbhEmedule caarbe ﬁmﬂependﬁgv@rema)fypteh@f tr ay

béi ng adj ust ed on t e tra carrier to_renove cl earanc the tray and
the trapaekaas eflG 9(5!3%'1 Sognefrie Mg of 8B ErepiyIt raé/n%e'{wi%‘gﬁ‘y\gﬁ@@ Ry

carrier 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 fray 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 maotor that is coupied 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 95 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.



carried on the tray carrier which further illustrates a |inear notor that is
coupled to the tray carrier. 20 The operational sequence is as follows (as
shown FIGs. 17, 18 and 19): 1. Atray 96 is | oaded onto the offl oadi ng
station 29. 2. The tray carrier 95 ygzl nove to collect the tray 96 while
the tray kicker 99 25 pushes the tr&y 96 at the back of the tray 96 along a
| oading path 100 to assist this process. 3. Wth the assistance of the push
of the yray 4t ; carrier

W th noor ndnf e} 9 hat BB L BUERE 10 MR sl o thBareP 5P e

tray capfteethé¥ray-96 gods uﬂfbahértaay carrier 86 &5 ni@dionbddn siedS, thuslieee 102 at
one side of the carrier 95 After the tray 96 goes into the tray carrier 95
as ment PEReRUsErst R il tPNéht theetsay SIPC@"CBh@'héld@ Qt)ihwqamgugﬁ et ray to

anot her oab8giedls %A HEL B (7 iddBhol s £RPIRbh Snd b Pldiol Yl ot he

si de pus I’S 1 'eaves no or a ne ear ance

withsa awhghgmﬂ@bmmgnwwtmé std@ﬁrdfé@hc@amill ef the\fraq d=eher. tAs atrBsuit,ray 96
can have a consistent position with respect to front and side ref erence

wal | s ofhetray Earclané}avw cppysiegt awhora%tbrr@ﬁ@e@rw frood .and@me)fe BIRACEr ay 96

posi 11 oNENG i BeipE 35! offauke ol ACe i ERTHREER S kniad e Bh g 1o

tray popdepist tolttB.eEcarﬁét 85 |§ tﬂd p'reLr@qdisne dfhl@e tabayra%pbmzcnmeafqaé tig§r 95 Wi th
a consistent relative position, four clanps 101, |ocating near to four

cor ner s96@ndieibsaavertacsratginackage oifleading to rawposksetsr ay 96 such that its

relative position does not change in the subsequent operations. 15 6. The
tray carrier 95 with the tray 96 noves in the Y-direction to stop at a
5. After fully loading the tray 96 into the carrier 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 unioading station moving upwards through the opening of the tray
carrier 85. Then, the carrier will return to the loading position and the cycle
repeats from step 1.

30



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 offl oad
pick arns 26 that are noving in X-direction can place the packages into the
tray pockets accurately. 20 7. Wen éhe 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.

crati on' 10U R BN ARG (YR calfiond® i PlotGieRy ik 87 0] o7\ ne

el evat ofinezfr hbtoruti7oads rsgosmamimm By ithreg) trafp verzar s lfsfmougtledtdﬂﬁoca)ma‘rg of the

tray carrier 95 Then, the carrier will return to the | oadjng position and
the cycMetiopgude <l 08 which gpiniturgnoyrged rate mﬁﬂeémmeofiﬂ@

accurac Y y I or 107.

As shownpﬁ’oltéir ﬁ?%G%ath,g?Fmé Si}ergﬁ éé%er gg{r,,ﬂ sgﬂrmﬁ‘ Fo doﬁglﬂ-fseﬁn I on gui de

108 8nhi thie firsearnmiotsrn OFD g e ctiyi toonpe cfegntet thbdftomot)f tﬁmtdayrwner g8t or 107
so that the overall size is conpact. A voice coil notor conprised in 5 the

linear fHeLgh §9rﬁws5aadrae§pa9erc%mhe&taé@0t@r pegligiiet eaplersh entredycedr rier 95
thrOughAﬁ?c%"‘%ﬁ@@%sﬁ’loﬁﬁ@C&’vthélﬁ%h éa*?ﬁér sgtrhug%%ltéuﬂbl?' ¢ backlash is

i ntroduce cCurat & posit n|n ray carrier 95 is thus

obt ai ned. The various aspects of the | nvention result in inprovenents in
mai ntai ning high 10 systemthroughput while multiple processes and

oper at i bhg V@floﬂﬁé‘sﬁﬁéﬂﬁa@’e@edﬂéeﬂtlﬁl REUSdNfiBINiewRMeDishina@aiieiRigehigheci si ng,

I n ct S si des of
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nple flat vacuum pI ate 32 with an array of
markings, the top surfaces and four sides of the packages A cost effective part
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.



15 holes 33 is used, instead of a plate consisting of conplicated guiding
features to maintain the | ocations of packages 37. An efficient parts
conversion systemis thereby achieved. Further, a nore reliable package
rel ease process is achieved by adding the package rel ease-assist pin 87

i nside the collet holder of the dual offload arnms 27, 28. Myreover, a nore
accurate tray offload process is achlﬁ?ed 20 by introducing 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 bedcigqfhhd:t is to be understood that the invention includes all such
variations, nodifications and/or additions which fall 25 within the spirit
and scope of the above description. -29- CLAIMS: 1. A singulation handler

2t acent Fo o DUAla RIS IDSER AP RR ey SRTohR Panl AR o i o o
packages for %\lnnqnlbatieromcatiedcadiracem td gnfmloﬁdih@tlom:dnhﬁ)rsﬁrbmﬂlr@f an

unsi ngul at ed packages the cutting l% bei ng novabl e bet ween t he onl oadi ng
| ocat Pon %W%@?%Qtﬂpa?ﬁ%k?%ﬁaftoféwga tiothi ch the strip is singulated by a

singul ation e f hat have
been renoved W%ﬁg Fﬁerﬁ%qt@gﬁge Sﬂ(f gﬁdﬁvﬁ'cﬂbaggggée@f p\?;éég'?lﬂﬁ@)%vey t he
si ngul at deinpohagbie ibetweeri |tb(@cbrﬂcmcmm Vecatioheatditd aimgutatganpcatiok dtead f or
transferrin | tiple sin t ed pac si mul taneously fromthe buffer
boat to &' g}%yﬁf'gr'sr%‘f‘gﬁlg&d?@‘ Q%Bfef"ﬂgﬁder for transferring singul ated
packages fromg B@fférobéétonW{dicﬁh slrf%:ﬂ@t&b%d@ gEOMA Wébé@n Wetfolled he

si ngul ated packages are storable. 2. The 'singul ation handler system as
cl ai rf@d ifroma the wmngilgramervhidbmmpesamgﬂ@cwey thepsisguletathpackagesin at t he

6nl oadi nquxlea(fgl h\(?e ongl‘;ta%ﬁgm ng the strip of

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 precising station at the onloading location for aligning the strip of
unsingulated packages with respect to the cutting jig.

20
3. The singulation handler system as claimed in claim 1 or claim 2, further

L 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.



unsi ngul at ed packages with respect to the cutting jig. 20 3. The singul ation
handl er systemas clainmed in claiml1l or claim?2, further conprising an

unl oading 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. The singul ation handl er systemas clainmed in
claim3, further conprising a washinggand drying station that is operative
to wash and dry the singulated packages while they are being held by the
unl oading arm 30 5. The singulation handler systemas clainmed in claimd4,

further ognpr l'Ehe“ng@l@tl@m hakbier &ybRefbedIaimEd inoahhenvesfhiigiths2Bdod,yi Ny
station. -30- 6. The_singul ation handl er systemas clained in any one of

clains 3 W'@ﬁ@'n thenBriéembeatas ianfigkresoir raceiveosingyataspeekades e tengul at ed
packages rﬁ&(ﬂl Qamﬂ"ﬁrﬁ?q NRoid" Wea@mgﬁlatgﬁ’lgang §' ﬂg%@tstea%@ar%@lggs In the

sanme rel atli rran erren as t e arr onth re

si ngul at mran@rr?ent"ébehey wegrd aramgedemtheestrip peforesagutdtionned in claim 6,
furth%r conprising an air knife |ocated above a conveying path of the
buffer? boat. 8. The singul ation handl er systemas clainmed in any one of the

precedi ngz 10 meaézﬁﬁulaﬁ&?hﬁhﬂlei' @?stéﬁf a&mé:me&qﬁ il @efuﬂﬁgpf:bﬁﬁﬁmﬁgp' urality

of detachabl e vacutim heads spaced along the rotary turret device, each
vacuum heardaib&nifigjioceiesk atiavea canvieying patiy af edeufttnboaly rotati on of the turret
device to nove the packages through different stations |ocated at different
segnents of the turret device. 15

8. The singulation handler system as claimed in any one of the preceding

10 claims, wherein the rotary turret device comprises a plurality 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 any one of the preceding
claims, further comprising a mark inspection éystem 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 any one of the preceding

(;,, claims, wherein the offloader comprises dual offloading arms, each offloading

arm further comprising multiple individual vacuum pick heads.

25 11,  The singulation handler system as claimed in claim 10, wherein one
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 or claim 11,
30 wherein each individual vacuum pick head of an offloading arm is configured for

small verticai movement independently of the other vacuum pick heads.



9. The singul ation handler systemas clained in any one of the preceding
clains, further conprising a mark inspection system between the buffer boat
and the rotary turret device for inspecting the singul ated packages which
are being held by the gang pick head. 20 10. The singul ati on handl er system
as claimed in any one of the preceding clains, wherein the offl oader

conpri ses dual offloading arns, eachgffloading armfurther conprising
mul ti pl e individual vacuum pi ck heads. 25 11. The singul ati on handl er system
as clainmed in claim 10, wherein one offloading armis arranged and

conf i gur d@. t o Thewingulatiorgeandler $yisterh dsralaifiddnio ardi sieadf elairh@nottbel 20t her
of f| oadi nq_l arm 12. The si .n’(gul ation handl er systemas clainmed in claim210 or

claim11W e3ein@ASheYaeuUbaL RiC H'_tﬁaﬁifé!ﬂﬁq” Q%Bﬂ?ﬁsp?c!ﬁ'eﬁéﬁ‘@sﬁiﬁt Bif Bsidecddi ng arm
is confi g:gflé’tqgfltﬁé Xa@%éic‘kﬁ@a’dc%ic’ﬁ% ﬁ{afﬁ/éfalé BelGReA ekt %?é?lfiont fieffaf€r vacuum

pi ck hea si ngufl ation er system as almed I'n any one of
cl ai ns 1Ghe @irlds retractectinsidadhe calletuwhen chcineadsddinhhisractivated] aad a

rel ease-assi s . inside callet of the vacuu L ck head, which is
rovabbe BECHRLACSIPD MEterERhEI R itrsiisagut oniBe sefel bk adPingion de ¢ ne
col I et wWRghurRed BELRAHE hdld by Sh&ebliet IHRA. varldmesUztish (PBEadlRatdd. on whereat the
pi n extends out of the colléet for pushing against a singulated package held

by the coll et when vacuum suction is deactivated. 14. The singul ation

handl er ste S.: | & ' recedi |l ein the
cont ai neﬁ?' co%?i%@@%@gh%ﬁggpé}’%gﬁog% tcézgﬁgg 'gn"iﬁg} Qgﬁnﬁéﬁ%g’%ﬁ%mﬁ ay
carrier dimsgwheinge antgincisagasprisetttayshthat dreysositibmed Bito 3irngedbaé | on
handl er systemas clained in_claim14, wherein the novable tray carrier
urt ABr d@vrarderduring storaae of paekages deforthe Ha¥fice wal |'s, and back and side
pushers to push the tray so as to secure it against the front and

15. The singulation handler system as claimed 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 any one of the preceding
claims, wherein the onloader is located at a side of the onloading location, such
that a material flow direction of an unsingulated strip of packages to the
20 onloading location is in a direction 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 parallel to the material flow direction.

18.  The singulation handler system as claimed in any one of the preceding
claims, 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
30 onleading location is in a direction paralle! to the direction of movement of the

cutting jig between the onloading position and the singulation engine.



15 side walls respectively. 16. The singul ation handl er systemas clainmed in
any one of the preceding clains, wherein the onloader is |ocated at a side
of the onloading |location, such that a material flow direction of an

unsi ngul ated strip of packages to the 20 onloading locationis in a
direction perpendicular to the direction of novenent of the cutting jig

bet ween the onl oadi ng | ocation and t.hg singul ation engine. 17. The

si ngul ati on handl er systemas clained in claim 16, wherein the strip of

unsi ngul 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

singul ation handl er system as, clained in any ope of the precedin cl ai nB,
wherei n t'fe oﬁhsaa'eem%ﬁomﬁ%{ld&i pYstemoAp ‘EJP%WFQ "E')rFF'%'HHiWS WhRSin g'PP such
that a ' | ' o. [ I I of to the
30 oni oadSnopated SHHFbE BabiaesPhreRioatad i R PTG IE it RAGIRASE
movenent ooientdion which ismerpénditdaniodhe tiradedall flosddirestionsi ti on and t he

si ngulLation engine. -32- 19. The singulation handler systemas clained in
cl ai m'18, wherein the wunsingulated strip of packages are | oaded onto the

cutting japg i ; gakiePdblivk F6r adih@ At RAnNB Sistbm RPPSHPI sfLdlastrdric t he
material flow direction. 5 20. A carrier device for a singulation handler

syst em f gackagas; iCQTTWiSiélQécft ronic packages, conprising: a plurality of
vacuum hol es, eaGMLRPLEVRAIRE HERR! th 3ilid Bl CorfihldiPleno £4ight o

package; 10 a y conprising a vacuumc 's 1n
comuni caingumtesvohbkddee vacuum hol es for suppl yi ng vacuum suction force to
t he vacuum hol es; . %ng a wal|l located in the vacuum chanber whjch is novabl e
(rel afiPve to t ReMmain 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
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 or claim 21, further comprising a
25 rod 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 any one of claims 20 to 22, wherein the
movable wall is operative to be successively located adjacent to each row of
30 singulated packages that are being removed such that the row of vacuum holes

holding the singulated packages are subject to vacuum suction, but an adjacent



vacuum hol es, and which is operative to divide the vacuum chanber into a
first 15 portion that is subject to vacuum suction and a second portion
that is not subject to vacuum suction; wherein the novable wall is
operative to cease the supply of vacuum suction force to vacuum hol es whi ch
are not occupi ed by singul ated packages. 20 21. The carrier device as
claimed in claim20, further conprisipg-a vacuumregulator 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 claim
20 or cl arow 2i vafuurh hesles oopocsipied oy fibgulatede paciexesdareondthsubjestatbl e wal |,

and a linear notor. coupled to the rod for driving the novable wall. 23. The
carrier dYRAUESHCUON,i hed in any one of clains 20 to 22, wherein the
novable wall is operative to be successively |ocated adjacent to each row of

30 singul at ed £aqkages that are being renoved such that the row of vacuum
hol es hol 24.ng A riclsiamguifen adsipgulrtige shandierssystent faroa vatdpueh slestroois, but an

adj acent -33- r f . al. teoccuni ed hy si t packages are
ot “eub; chdckagbS e mick St BoBiprEB RlBRHBR RN ah 4cE, A PR NG o
system f ogach Sitk-up valcughelddddiai farther RHeRPto A thdebeld&itiy sontalaslieny

mul tiple pick-up vacuum heads, and wherein each pick-up vacuum head is

further ceAfmeBt€fulo an i ndependently controllable vacuumcircuit. 25. The
pick armas clained in claim?24, further conprising a separate 10 sol enoid
control valve conprised in each vacuumcircuit. 26. The pick armas cl ai ned
in claim28 orThd pick 2im abeslaimed ire gk 24 furthierr toraprisiogpa | ssparatest andar d

base rt carrying vacuum control. devices which is nounted to a notor for
posi t1bni wrichaid cettiaalie ERRSsS in SEh G SR B bl 6 par

26. The pick arm as claimed in claim 24 or claim 25, wherein the pick arm
further comprises a standard base part carrying vacuum control devices which is
mounted to a motor for positioning the standard base part, and a convertible part
15  containing the multiple pick-up vacuum heads which is detachably mounted to
the standard base for connecting the pick-up vacuum heads to the vacuum

control device of the standard base part.

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

28. The pick arm as claimed in claim 26 or claim 27, wherein the convertible
part further comprises a pick head adapter for coupling it to the standard base
25 part, and vacuum heads and vacuum paths connecting the pick-up vacuum

heads to the pick head adapter.

29. The pick arm as claimed in any one of claims 24 to 28, further comprising
a direct drive linear motor for driving horizontal motion of the pick arm.
30



15 containing the nmultiple pick-up vacuum heads whi ch is detachably nounted
to the standard base for connecting the pick-up vacuum heads to the vacuum
control device of the standard base part. 27. The pick armas clainmed in
claim 26, wherein the convertible part is further 20 configured to be
changeabl e according to the configuration of singulated packages to be

pi cked up. 28. The pick armas clainmed4in claim?26 or claim27, wherein the
convertible part further conprises a pick head adapter for coupling it to
t he standard base 25 part, and vacuum heads and vacuum pat hs connecting the
pi ck- up va@uunthéqicksatro ashelginedd theadinad)tfarthe28omphisingi ak evcentrie cl ai ned
in any one of clains, 24 to 28, further conprisin direct drive |linear

ot orf or RN AGkstseRina et 19 ANgna VABKA BIPTER o tRPIERAMS0. The pi ck
armas clainmed in claim?29, further conprising an eccentric nmechani sm and
stepping notor for driving vertical notion of the pick arm 31. A pick-up
devi ce fodl.a ohmigk-up devicedata singyaticenhansiierssystem foba sdtie of etastronics

packages, . Si p.rst d C i ¢k, a 2] N ch.pi arm
Conpr 1 osPHPBPBr SORPkng, R calh Hetng. Ptk chiMi, ERERILHS A Bhvicium
head i s fg¢grapegescmuitipld @itktyp aaciurd dpeide ant ywikherein ehtilpick-Mgcadou®i rcui t.
32. The pick-up device as clained in claim31, wherein the pick-arns are 10
arranged hepdisffidlerconngelediie aatindspandsniy gomrlable vaswohCiptul- up posi ti on
for singul ated packages.

32. The pick-up device as claimed in claim 31, wherein the pick-arms are
10 arranged in a face-to-face relationship and have a common pick-up position for

singulated packages.



