- 3SEP2003 1 SI NGULATI ON AND SORTI NG SYSTEM FOR ELECTRONI C DEVI CES
FIELD OF THE | NVENTI ON The present invention relates to the =3 SEP 2003
manuf acturing of sem - conductor devices. In particular, the present
invention relates to the 6 singulation of such devices and the
subsequent sorting thereof. BACKGROUND Se1rri -conduct or devi ces such as
ball grid array devices (BG) are comonly nolded in an array format
w th many devices,f into a single substrate array. After sol der
bal | attachnent M@W@QMWRM‘?@ﬁr@@hﬁ@&&l&cmwconwmmes,
the individual devices are then singulated by sawi ng the substrate.
Singul ation and sorting systens in the art for BGA packages may be
divided into various types. In the first type, saw ng, washi ng and
checking are perfornmed with the balls facing upwards. In the second
type, all theBlELB@PIHEINVENTIGNNMEd with the balls faci ng downwards.
A third 18 type of systemperforns the sawing with the balls facing
upwar ds, and prmdes a flipping-unit to flip the singul ated devices

over for one or he Riesemle inverdionudelates efs the nmanefgctusipg of semi-
system however, the washing - 3 SEP 2003 2 and of fl oadi ng functions
are rate-|im teonglustarpdedioes.t in padiayar, e¢hei pesenedivertibn felf&S 90 the
st eps.

6 singulation of such devices and the subsequent sorting thereof.

BACKGROUND

Semi-conductor devices such as ball grid array devices (BGA) are
commonly molded in an array format with many devices formed into a
single substrate array. After _solder ball attachment onto the extefnal

12 interconnection pads of devices, the individual. devices are then

singulated by sawing the substrate.

Siﬁgulation and sorting systems in the art for BGA packages may
be divided into various types. In the first type, sawing, washing and
checking are performed with the balls facing upwards. In the second type,
all these steps are performed with the balls facing downWards. A third

18 -tybe of system performs the sawing with the balls facing upwards, and
provides a flipping unit to flip the singulated devices over for one or more

of the subsequent steps. In every type of system, however, the washing



It is therefore an object of the present invention to provide a
singulation and sorting systemwth inproved efficiency. 6 SUMARY

OF THE | NVENTI ON According to one feature of the present singuldabEBn2003
and sorting system an efficient offloading unit is provided that

gi ves high throughput. According to another feature, an inproved
washing unit is provided to further irrpr?ove efficiency. According to

a further feabhiCofBAdingPRitBns! aicPPafdlintifthl bRl AI5 hd2e/ i€ fime

system i ncludes a singulFation unit for cu g a‘su

array of nol dféi}lﬁnle%ﬁnr%%is%gsqew ces into singul ated devices; a
or i ppI

flipping uni Rer the si ngul at ed devi ces; a washi ng
unit for washing and drying the singulated devices; a transit unit

for transferri itds dREicf&® ah VLR DFHE p?&éﬁ'iﬁ?éﬁtfoﬂ%%ﬁé?idgﬁés%lgﬁbn

i nproved offloading unit. This offloading unit cont

orientator stghd QB ?&%ﬁ‘é’w?ﬂéﬂgﬁ:eﬁﬁc‘%ﬁ%ﬁ a prescribed

position; a vision statio ‘si ngul ated devices; an
i nfeeding station for receiving singulated and washed devices; an
out-going station for receiving inspected devices; and an inproved
transfer mechani smhaving a plurality of pick-up units to SEP 2003 3
provi de concurrent transfer of devices between the various stations

ment i oned GabovSUMMARK OREHEANVENTIN of the present invention, an

i nproved wash unit is provided for cleaning and drying the
singul ated devi CesAch?&ing to one feature of the present singulation and sorting

system, an efficient offloading unit is provided that gives high throughput.
According to another feature, an improved washing unit is provided to
further improve.efﬁciency. According to a further feature, an improved

flipping unit is provided.

i2 The system» includes a singulation unit for cutting a substrate with
an array of molded electrqnic devices into singulated devices; a flipping

unit for ﬂipping_ over thé singulated dévices; a washing unit for washing

and drying the singulated dévices; a transit unit for transférring devices
“between the above-mentioned units; and an improved offloading unit.

This offloading unit contains an orientator station for orienting a device to

18 a prescﬁbed position; a vision station for inspecting the éingulate_d
devices; an infeeding station for receiving singulated and washed
devices; an out-going station for receiving inspected devices; and an

improved transfer mechanism having a plurality of pick-up units to



wash unit includes a housing that is divided into two |ateral hal ves

6 separated by separators. A conveying nodule is provided vvith,‘tgrea 2003
housi ng for conveying a horizontal array of singul ated devi cesv v
hori zontal ly between the first and second hal ves. A wash nodul e

having at least two |liquid nozzles attached to the second half of

the housing is provided for sinultaneous 3praying of |iquid upwards

and downwar ds, so.%hat t he t and bottom of the horizontal array of
si ngul at ed devi REY! Q?é‘ﬁ”ﬂ@”ﬁ/g@ﬂs ebifayigesnbeiwesn dhei varionsdsitations
having at |east twg gas nozzles attached to the first half of the
housi ng i s provingd§oned abovaul t aneous bl owi ng of drying gas upwards
and downwards so that the top and bottom of the horizontal array of

si ngul at ed devi ces [ con rently after _washing. The -

systemis controll éﬁqﬁ$%§°85§t§%e°§&3%8|RfsﬁglethsweW%saréﬂ@pm@d wash
devices to the vari.ous st atifons and units at 18 predeterm ned tines.
In the preferrcdbi$RIPHERE for (Rleaning cand Ldryingviheegingulated devigeseThe
and a carrier that can be nated together to forman array of chanbers

t her ebet ween. E&@sh adnit lirsledesh arheusings thatajst divided itbaiwo dateral halves
singul ated device. The carrier is further provided with el ongated

sl ots, andei nt esepeiratednibyhséheratsrsy o i dRvERAY! i§ PBEovi '
| ongi tudi nal axis of thebtysl o’%us? - 3 SEEP Zggsgiﬁrogwr‘leihr% g@‘@‘fﬁﬂ”‘f% the

th : i raet i f . ' I f the . it
e oau 4 e ARG hocleohbevRg N SRR ] 30 ind el "ticos

fan-shape, Wt hdrliBnbhif Betibeh He AT ahd Yetohd Haives. A wash module baving

at least two liquid nozzles attached to the second half of the housing is
provided for simultaneous spraying of liquid upwards and downwards,
so that the top and bottom of the horizontal array of singulated devices
12 can be washing concurrently. A drying module having at'least two gas
nozzles attached to the first half of the housing is provided for
simultaheous blowing of drying gas upwards and downwards so that
the top and bottom of the horizontal array of singulated devicés can be
dried concurrently after washing. The system is controlled by a system
controller that transfers the devices to the various stations and units at

18 predetermined times.

In the preferred embodiment, the system is provided with a retainer
and a carrier that can be mated together to form an array of chambers
therebetween. Each of these chambers is adapted to retain a singulated
device. The carrier is further provided with elongated slots, and interacts

with the conveying module such that the longitudinal axis of the slots



direction. 6 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1A is the plan
view of the systemaccording to the preferred enbodi ment of theg SEP 2003
present invention. Figure 1B is the perspective view of flipping :
unit, wash unit and offloading unit, with sone of the details left

out to illustrate the general Ilayout. 12 Figures 2A and 2B are the

top view and cross-section view across |lifle A -A respectively of the

retainer of th Y j i.gures 3A a 3B are . the top view
and cross-sect ﬁgﬁéﬁﬁ%@"@éﬁﬁ@é %PK@'%-"%‘*F@%QE&WW e¥ing 'ﬁ'@dE&r of the
of the present inventio Fi %es 4A and 4B are the perspective and
side views of aVe§H Hﬂftnzhﬁﬂﬂg" Hegdesiiméhe washempdslsci preferablyi ofia fiag
Figure 5A-5C are the side, top and front views of the washing unit
according to tHanghepenwithieetnlane ofi ther faresisaperparhitelstod ¢he/i ctiveing
the turret systemaccording to the present invention. - 3 SEEP 2003
DESCRI PTI ON OF ditdietibhrdVENTI ON The fol | owi ng detail ed description
describes the preferred enbodinent for inplenenting the underlying
principles of the present -invention. One skilled in the art should
under stand, however, that.the 6 follow ng description is neant to be
illustrative of the present invention, and should not be construed

as |imting t hepikHEUGPTION BFSA%E DRAWINGS
Figure 1A is the plan view of the system according to the preferred

embodiment of the present invention.

Figure 1B is the perspective view of flipping unit, wash unit and
offloading unit, with some of the details left out to illustrate the general

layout.

12 Figures 2A and 2B are the top view and cross-section view across line

A-A respectively of the retainer of fhe present invention.

Figures 3A and 3B are the top view and cross-sectional view across line

B-B respectively of the carrier of the present invention.

Figures 4A and 4B are the perspective and side views of a flipping unit

-according to the present invention.

18 Figure 5A-5C are the side, top and front views of the washing unit

according to the present invention.

Figure 6 shows the side view of the turret system according to the

present invention.



herein. In certain instances, details such as cables, actuators and

not ors have been omtted fromthe drawi ngs in order not to ob_sguggP 2003
the present invention. It is understood that such el enents ar
required for the operation of the system In the foll ow ng

di scussion, and in the 12 clains the terns "including", "having" and
"conprising” are used in an open-ended féshlon and thus shoul d
be.interpreted to nean "including but not Ilnlted to ....... ". The
system constructed in accordance with the preferred enbodinent, is
used to illustrate the inventive principles behind the various

aspects of the DESGRIRTIONVGATHEINVENTIONal | grid array (BGA) 18

devi ces as an exanpl e BGA packages are typically nolded in an array
format using a sin nol d, .and therefore need to be

singul ated after Pdl é detniledr desarintignk adescribeSer thed prefeged
the "ball side" <contains solder balls that need to be protected from

damages duri ng enmodigiany forimplensentingithe npderigingsprinciplesobhtife pretfont
of the package without balls is referred to as "nol ded side". 3SEL

P2- 1003 6 Ref énventionnOmd skiffedlinetheldrt amduld Rindehstasd ”%\N%%P“th%?%e
sorting system accordi ng to the preferred embodi nent contal ns an

vash uni t %6, " afing YESIPHOR in Fled b B 1BHpERE A% BRusen Inudiion,
other T oat ur oo 2B EAPL S%%&“rn'}%iﬁq‘%%ﬁﬁt di P Hioving PepprigeRies glisauesed
details below herein. In certain instances, details such as cables, actuators and
motors have been omitted from the drawings in order not to obscure the

present invention. It is understood that such elements are required for

the operation of the system. In the following discussion, and in the

12 claims the terms “including”, “having” and “comprising” are used in an

open-ended fashion, and thus should be interpreted to mean “including

but not limited to .......".

The system constructéd in accordance with the preferred
embodiment, is used to illustrate the inventive principlés behind the
various aspects of the present invention using ball grid array (BGA)

18 devipes as an example. BGA packages are typically molded in an 'array
format using a single cavity mold, and therefore need to be singulated
after molding. One side of each package, referred to as the “ball side”
contains solder balls that need to be protected from damages during the
singulation and sorting process. The other side of the package without

balls is referred to as “molded side”.



In the preferred enmbodi ment, as shown in Figures 2A, 2B, 3A and 3B

a set of protective containers is used to protect the s!ngulaigﬁ =P, 20
devices fromdamage. In this enbodinent, a retainer 30 is desi eaft 13
mate with a carrier 32 for retaining a plurality of devices

t herebetween. The retainer 30 is provided with a retainer frame 33
with elongated slots 12 opening 33a betweén support tracks 31 and

hol es 33a on both . A nage,channel s 33b are .

o da sl s P /6 S FUMHLP g
: : rri i S

gﬁtrjl ggh\g?fo:/vngeﬁ gmicg?“é?’ {S'Qeﬁ’ metﬁre?qarggd gmhaslimgat jcentains ean 8e-loading

therein. A second set of holes 35a are provided at the ends of frane

35. The ret ai nednibidf, arengulatior unitad2 be flinping unji@lec wash 16nit26y @nt b

other to create chanbers therebetween. The retainer i s designed to

interact with tloadmg detit s28leanli tahesatiesd cef.gripipiy t BAdt MagkiEm suction
functioning as support for the devices. The carrier is designed to

interact W th fBehRAlshs 5 %nétﬁﬁle?ﬁ’}a% trénsit ggfthThQ%tﬁéP??q?Q%‘”gmH%

the four edges of the device, suc e 1s aBSBC(;nF_ o
rotected wthi rrespondi ng . hole. - ﬁé P i gures
gnd 4B sho thﬁ‘hﬁ&'&?ﬁﬁ W'ﬁis[%piqﬁﬁcrﬂ)r“of‘ BAERE IE?'_[?Z‘P?!QW-p.ref erred
enbodi ment. The unit includes a support frane 40 with wupright walls

oo P 2047 | I pRE st s R e LR o
;hi s enbodi mentap t Resdi ObALYOIEERIE dontdihed € GisaR9YS aprro?e%?ptﬁedgifn'grt}llaqu
devices from damage. In this embodiment, a retainer 30 is designed to
mate with a carrier 32 for retaining a plurality of devices therebetween.
The retainer 30 is provided with a retainer frame 33 with elongated slots
12 opening 33a between support tracks 31 and holes 33a on both ends of
frame 33. Drainage channels 33b are provided along the outer area of |
the retainer for fluid drainage during washing. The carrier 32 is provided
with a carrier frame 35 and a hollow center interposed with ribs 34 to
define holes 36 therein. A second set of holes 35a are provided at the
ends of frame 35. The retainer and the carrier can be superimposed one
18 above the other to create chambers therebetween. The retainer is
designed to interact with the molded side of the devices, with the tracks
functioning as support for the devices. The carrier is designed to interact
with the ball side of the devices, with the ribs supporting the four edges

of the device, such that the balls are confined and protected within the

corresponding hole.



6 horizontal rectangular void designed to accommpdate the matching

retainer and carrier. Pins 48a on a cl anping pin block 48b are% Sﬁﬁx?ﬁﬁ
provided on the two ends of the rotary frane 42 for interacti
corresponding holes in the retainer and carriers (not shown).

Pneumatic actuators are provided to extend the clanping pin bl ocks
48b into the void during operation. Actd%ting mechani sm 44a is al so

< br ovi ded w t h sl SHACEFASH AR tfenicRofiy nibsfd Shiabool Ry ditne
that run't hrouBePeds SRuERmenE S Tng iy tlb‘egﬁ'gsf"%i'ﬁﬁéa 3 ke with
the rotating nmechanji sm result the cables and hoses w il be

rotated with tHerght WSﬁ‘r%éUi)ﬁoamgom Fajped canch dnorizectal gotaay feame 42

during rotation of the rotary franme. The cables and 18 hoses are
al so threaded thereingiA suppost dlile f4et ist pesitiomed plireptys andéi the ataryAfrafe.

show t he wash unit according to the preferred enbodi nent of the

present invent jrpthis Ehﬂ)dﬁﬂhéhﬂ%@%tbﬁ( fianeds &f h%@{?%phbér éHé?% aeﬂuh

hal f 62 and a second half 64 with pllates 66 therebetween

I
ST dabl e Bfmééh“?%‘m’é%'ﬁ@.&éﬁg%l'gé\. @aﬁvf%@'q%‘?mﬁ“a@ﬁ%'ﬁﬁ}@aﬁt 8 ae:"erﬁg@%wg N
| S NOzZZI| es
provi ded in 1 ﬁ@e?am%%éﬁ%??er” ik, ABR T S DB Dce Binob ok AP Biprayidert

downwards at the central a} on of the first half. Gas nozzles 70
are preferabl yodthe o gnds 0f< & otary feame 4dafohn imtecadtioni withp coviedpdniding
the second half with the liquid
holes in the retainer and carriers (not shown). Pneumatic actuators are
provided to extend the clamping pin blocks 48b into the void during
operation. Actuating mechanism 44a is also provided to raise or lower
12 support table 44. The rotary frame 42 is provided with slots 50 on the two
lateral sides. These slots are used to set:ure air hoses and other
electrical cables (not shown) that run through the support frame and
rotary frame and are part of the rotating mechanism. As a result, the
cables and hoses will be rotated with the rotary frame in a controlled and

secure manner during rotation of the rotary frame. The cables and

18 hoses are also threaded through holes 40b for the same purpose.

Figures 5A-5C show the wash unit according to the preferred
embodiment of the present invention. The housing 60 is divided laterally
into a first half 62 and a second half 64 with plates 66 therebetween
acting as separator for the two halves. A conveying module 68

containing a slidable wash tray 68a is provided. The drying module (for



nozzles 71 directly upwards and downwards to spray at the ce}ntrglsﬁb 2003
region of the second half. The liquid nozzles preferably proddc

water jet of a flat fan shape, with the plane of the fan running

along line A-A as shown in Figure 2A. Referring nowto Figure 6 also
back to Figures 1A and 113, the details of the transfer nechanismin
the offloading unit 28 in the specific p?ef erred enbodi nent is

furret system 3R mplERrRGA Mool fatlinkgdrhdred 70, b rgkiieclp the

i j . ‘ i t hi b 78 and
mount ed onto- sObdrTHgtbH b e erhlapis) LbwArs dioroRaHaSS 14t the

i i t t wheel 78 | ative to turret base
76%i th a ser: E6nbpl E5gigh Qe dshAap PRg ST Girecpreferablyuok e air
wheel 78a are a plurality of pick-up units containing suction heads

82 that are 18 kodaryee. Aiwashsmotiutenispprovideshinh thet sedondghalé sitnihetiquid
and are coupled to the turret rings. Below turret 78 are the various

checking, posinoizelesn?1 afitbedyt @wardss hAl | @OWRwARRS S0l 861ayISt e central
orientator station 84, a vi gilgﬁ”stati on 86, outgoi nggi?s'lt Z’[I on anc?a -

tray- handlgd ng h Oy ' ' i ng boats 85
ar eyt r ansféer r egé@%/)hgjgtt @FEQ&H %%ﬁ' ggtﬁqq@zfigaﬁégﬁggﬁﬁlg?@?%q grvater
containing full . tray.stackers . - ) enpty tray

st acker s 84. ot %‘Eﬂstif%&ﬁag?’a‘ﬁ’lt@ﬂle PH@?LFE&E%%?M"@U!'"S@[WQ)M"? AAas
containing a reject boat 88 and reject tray 90. Referring to Figure
1A agai n, the §b§W8r1ﬂiF§9l6§e2%t ed by loading a

Referring now to Figure 6 also back to Figures 1A and 1B, the
details of the transfer mechanism in the offloading unit 28 in the specific
preferred embodiment is shown. The transfer mechanism includes a

12 retainer lifter 71, a turret system 72 and an X-Y table 74. The turret”
system contains with an outer and inner turret rings 76 within a turret
base 78 and mounted onfo supporting pillars 79. Mbtor system 80 (not
shown in Fig.1B) is used to rotate turret wheel 78a relative to turret base
78 with a series of cams, belts and pulleys. Mounted on the turret wheel
78a are a plurality of pick-up units containing suction heads 82 that are

18 connected to suction pumps and actuating mechanisms, and are
coupled to the turret rings. Below turret 78V are the various checking,
positioning and outgoing stations. These include an orientator station
84, a vision station 86, outgoing station and a tray-handling station 83. In
the outgoing station, outgoing boats 85 are transferred by outgoing -tray

arm 87 to tray handling station 83 containing full tray stackers 92 an'd



substrate (e.g. nolded array of BGA packages) onto the on-loadin
unit 20. '_(I'hegsubstrate IS %/hen fed into the systemw th the b'a3?5EP 2003
side facing 6 upwards through lead-in 96. A lead-in vacuum head 98

then noves along rail 100 to pick up the substrate on |ead-in 96,

and brings it back to the singulation unit 22 where singulation is
performed using any nmethod. Concurrently? the carrier vacuum gri pper

of the F1ippi nainy oFisB0kers" 95 Ether aptlonal SR, HepRE & ierrestation
[ [ 1. it f 12 ¢ | eti on of the singulation
;S)Ir ggglsgt e\?\hgﬁvi"(ﬁgfaérit"ﬁg\&aﬁﬂtj?%%%ﬁi gg@é’é TPL%%?E‘&fp?%t ed, gri ppe? 102
noves the carrier down and cover the singulated devices. The

correspondi ng vacURE&Ying a8 Figureh$A a@‘éﬁnt, Ctné%ggfeéén gée]%pe}élgdcl%f {Sﬁﬁfpg( Ha

vacuum gri pper 102 sucks™the array of° srngul viFces up

carrier, and t t C support table. 44 of the .
f1ipping unit %Qgéﬁ%ee@aé%@({% léggglpgg‘l%eg@f?% anio dae Pnlt'ﬁﬁa@ggﬂmt
such 18 that as_t singul ated devices and the carrier are |owere _
into the supp%pt t}ﬁﬁ L@%"?Ffé i then &ed infe dbesystemnwith dhaiball side facimg
the singulated devices within chanbers defined by ribs 34 and tracks
31. At thiés poupwards Hbroughptead-inal§be Atleadsini watinemcloead i 98 thers imhbess
such that when the retainer/carrier set placed thereon, it is

i nserted wi thi alongi il4f0Gks!piek g the S@Btrate V& Ieddl-inhgs," M bYinks A Back
42, The clami ng b o bl oeks 4oh fhe SEIStraE G I 96, 1 blinGE HBac

ol o5 334 and S50, SiRlaich 220 el ShdlfBudi Ja SaThhiE G any
method. Concurrently, the carrier vacuum gripper 102 grips a carrier 32
and transports it from the support table 44 of the flipping unit through
void 46 and positions it above the singulated devices to wait for the

12 completion of the singulation process. When the singulation process is
completed, gripper 102 moves the carrier down and cover the singulated
devices. The corresponding vacuum system is then switched on, and
the carrier vacuum gripper 102 sucks the array of singulated devices up
into the carrier, and transports them back to the support table 44 of the'
flipping unit 24. A retainer 30 is provided on the support table 44 such

18 that as the singulated devices and the carrier are lowered into the
support table. The carrier mates with the retainer to trap the singulated
devices within chambers defined by ribs 34 and tracks 31. At this point,
the support table 44 is in the coupling position such that when the
retai'nerlcarrier set placed thereon, it is inserted within void 46 and at the

same level as the rotary frame 42. The clamping pin blocks 48b are then



respectively. The support table 44 is then lowered to the stangb%%-r? 2003
position, and the rotary frane rotated 180 degrees about its T4dt¥ral
axis X -X such that the ball side of the devices is now facing :
downwards 6 (retainer on top) and the nol ded side facing upwards
(carrier at bottom). Due to the secure positioning of the cable and
hoses in slots 50 and hol es 40b, there i'¥ nininmal disturbance to the

system during fddiereq )€ S L he, i sedoagai n. an

the pins 48a retract egofer oér;'fmol esﬁggnngiyéféé}ch{HSE@bslgﬁat n'"ﬁﬁ&@g
to the flippin nj gkhps. t retai ner/carrier set and places it

onto the wash ﬁ Pfgyhéigso?égt@dggﬁee@i tﬁ& § ‘?11956':"% retqingle30aand wartier282
The wash tray is th?n &o eyed into the central region of the second
lateral hal f ofSRREWElYsi Hif seippratwiakie 44aishithgni lowssed otordtie Stamdby
wash liquid, such as water is then sprayed onto the retainer/carrier

set. The conveyiosiionandethe rotarg franhe rotatdd 180 ajedi8ed ibiow® its dhleYaldaxis
fewtinmes to ensure proper cleaning, wth the fan- shaped water jet

preferably ali glXduehr fiicthe Wal IsideGfahe dd\dcdS ifL@W%@ﬂgsb&kﬁm%frds

the retainer. After washing, the wash tray noves _ _
ateral nart  GovERer bR thofat the R ety uards' Gamarlbasion.
Ater drying,  DHE By tebafe hastorid opscatie andt hoags /iossipiscb0sand
and transfers it fromthe wash unit 26 to the off-loading unit 28,
where - 3 SEA holes34dh, theee istainieal distubanze tr thessysten durng dfipping.
lifts it away fromthe carrier. ‘
The support table is then raised again and the pins 48a retracted from
holes 33a and 35a. Gripper 104 then moves to the flipping unit, grips the
retainer/carrier set and places it onto the wash tray 68 of the conveying
12 module in the ;‘wash unit 26. The wash tray is then conveyed into the
céntral region of the second lateral half of the housing 60 in which
washing is performéd. The wash liquid, such as water is then sprayed
onto the retainer/carrier set. The conveying movement moves the wash
tray 68 horizontally a few times to ensure proper cleaning, with the fan-
shaped water jet preferably aligned perpendicularly across the
18 elongated slots of the retainer. After washing, the wash tray moves the
_retainerlcarrier set to the drying module provided in the first lateral half

62 of the housing. Gas, such as hot air, is blown onto the washed

devices from both top and bottom until they are dried.

After drying, one of the grippers 104 grips the retainer/carrier set

and transfers it from the wash unit 26 to the off-loading unit 28, where



The carrier is then transferred to the pick up position of the _

i nfeeding station where the X-Y table 74 is indexed one devi ced &ktFa2003
time to the pick- up position 106 for pick up by the pick up unit. At
pi ck-up position 106, a pick-up head 82 is aligned with a device and
actuat ed downwards by a 6 cam system whil e a vacuum suction is used

to suck up the prescribed device. The tuttet ri ngs 76 then index a

prescribed angl ﬁletn%%ihépﬁftéf 74 ggilggffeh%ss AiREF Af \Iélltf%e(_{%]v&q%lh Bﬁ] & Carrier.

station. In the non-Iimting e own iI'n

station is an oy or.station in which the, prescribed device is.

pl aced and rot gﬁé%%gﬁ%r Br g'!aneé‘[ ﬁ?ﬂ?%é@dofqg?ﬂﬁw(o‘l‘? PosHions efnihe; infeeding
head is transferred to the next station_i.e. the vision 12 station in
the present exaHpHen where the XsY dableHdcoriindexed anecdenies aha ims toothe pick-
the prescribed device is transferred to the next station. In the '
exanpl e give, Wmpositien 1960r pickiup by tuppicknep unitasi piok-Lpr posHIBY i 106, a
rejected devices by placing themin the reject boat 88 and then into

the reject traypiéRuphead 82 asgignstawitam (lié\ﬂée enahcifated c?fv?m&gllo%aﬁ?% '

onto an outgoing boat 85 which, when full, Is then transterred via

Lhe out- 081 c SRR 8 ki LR i T BRI lossrbes

pi ck-up heads nount on the turret is .
concurrent operdsic Tt sioar 7 LiFTb ilex a Brescribed nalado draasferige
In the exanple give, there are 8 pickup heads for 6 stations, wth 2
extra pick up H¥gaeribedrieyiges opta §he rmext etativre, Inarie -ndh-BBRINO GXakdple
ot her variations and options can be readily produced according to the
shown in Fig.1A, the ﬁrs_t station is an orientator station in which the
prescribed device is placed and rotated to a predetermined orientation.
The same suction head is transferred to the next station i.e. the vision
12 station in the p_reser'lt example. After vision checking at the vision station,
the prescribed device is transferred to the next station. In the example
give, the next station is an optional station for removing rejected devices
by placing them in the reject boat 88 and then into the reject tray 90. At
the last station, the good units are released onto an outgoing boat 85
which, when full, is then transferred via the out-going fray arm 87 onto
18 trays 92 or 94. The number of pick-up heads mounted on the turret is
preferably equal to or more than the number of functional
postions/stations, such that concurrent operation and transfer can occur ,

at the various stations. In the example give, there are 8 pickup heads for -

6 stations, with 2 extra pick up heads. This is only one example, and



users requirements. Wien all the devices on the sane carri er—iBSSEF 2003
transferred away, the enpty carrier is reunited with the retalner at
the retainer lifter 71, and transferred by gripper 104 back to the
flipping unit 24 for the next cycle to 6 begin. The entire operation
is controlled by a machine controller. WyjJe the present invention
has been described particularly with r ef &r ences to the

f descr i b X _ o
af orenent i oned dth@uvasatidrish aREPSRfINS €4n g)eesﬁe;éé@y‘ Sérgggc&? %t%ﬁ{}ég%ﬁﬁé

devices with a flipping step, it should

figures are for%sieyé ll‘ééﬁi%lin‘é'ﬁtf.”'y and shoul d not be taken as

limtation on the inventron. I'n addition it is clear that the nethod
and 12 apparatus of the present invention has utility in many

appl i cations wher eWhisv alt ¢heidegidest orpthe 8@kl BarRF i§ tRsdf&9ed Saway, the
required. It is contenplated that many changes and nodificati ong may

be made by one epptp e Is rétflitdd Wih! fie Rkdindf LA ESERRLIAS F1 O

the spirit and the scope of the 1invention described.

sort g syst emieneridy briberios batcls Rormpriog s 2tck bt sroiero

unit for cutti?)g a substrate containing an array of 4 nolded

el ect roni @ devPEEY- iiﬁ‘@oe’gfrﬁtﬁﬂe&@@ﬂ Betonitodled bya mashine oontrollerai ner
and one carrier nated together to forma

‘ While the present invention has been described particularly with

references to the aforementioned figures with emphasis on a system for

singulating BGA devices with a flipping step, it should be understood

that the figures are for illustration only and should not be taken as

limitation on the invention. In addition it is clear that the method and

12 apparatus of the present invention has utility in many applications where

device singulation, sorting or checking is required. It is contemplated

| that many changes and modifications may be made by one of ordinary

skill in the art without departing from the spirit and the scope of the

invention described.



6 retainer/carrier set containing an array of chanbers 7

t her ebet ween, each of said chanbers being adapted to retain _8 é;)ge
singul ated device, 9 a flipping unit for flipping over sai o 3 SEP 2003
singul ated devices within 10 said retainer/carrier set, said flipping
unit conprising: 11 a support frame with a horizontal rotary frane,
said 12 rotary franme having: 13 a clanping pin block for securing
said 14 15 16 retainer/carrier set within said Replagepentngge 27 AHghsh 2003
| east one slot on at | east one | ateral sioéje of said rotary frame for
securing cables and hoses 17 connected to said rotary frame; - 3 S EP
2003 Repl acenent page 27 August 2003 18 19 20 21 22 23 14

CLAIMS

1 1. A singulation and sorting system for electronic devices
2 cbmprising X

3 a singulation unit for cutting a substrate containing an array of
4 molded electronic devices into singulated devices;

5 at least one retainer and one carrier mated together to form a
6 retainer/carrier set containing an array of chambers
7 therebetween, each of said chambers being adapted to retain
8 one singulated device,

9 a flipping unit for flipping over said singulated devices within
10 said retainer/carrier set, said flipping unit comprising:

11 a support frame with a horizontal rotary frame, said
12 rotary frame having:
13 a clamping pin block for securing said
14 retainer/carrier set within said rotary frame; and
15 at least one slot on at least one lateral side
16 of said rotary frame for securing cables and hoses

17 connected to said rotary frame;



a support table, positioned directly under said rotary franme, of gfs 2003
receiving said retainer/carrier set, said support table havi@b“’ﬁ‘$
actuating nmechanismfor noving said support table between a standby
position bel ow said support frame and a coupling position within a
void fornmed by said rotary franme; and 24 an of fl oadi ng unit
conprising: 25 an orientator station for orienting said singul ated
devices 26 27 28 29 30 31 32 to a prescribed poS3¢rlacementpage g7 AHgust 2003
station for inspecting said singul ated de ices; an infeeding station
for receiving said singulated devices; an out-going station for

recei ving ifigspected devices; a r W { i :
plurality o#kspi ck-up units to%n%r 8%‘3%@%&: r rer'1 ofglri]f’sﬂé‘églryng*rﬂiggi Sa'd
si ngul ated devi ces between said infeeding.station, said orientator.
station, s@d vision st 5?“3%?@1%6’3EﬂrerGGR’J%isﬁ?b(?J?Eﬁ'?%r carggr set, said
transit unit for transferring devices between said singulation )
20 support table having an actuating mechanism for moving

21 _ said suppoft table between a standby position below said
22 support frame and a coupling position within a void
23 formed by said rotary frame; and

24 an offloading unit comprising:

25 an orientator station for orienting said singulated devices
26 to a prescribed position;

27 a vision station for inspecting said singulated devices;

28 an infeeding station for receiving said singulated devices;
29 an out-going station for receiving inspected devices; and
30 a transfer mechanism having a plurality of pick-up units to
31 provide concurrent transfer of said singulated devices
32 between said infeeding station, said orientator station,
33 said vision station and said out-going station;

34 and

35 a transit unit for transferring devices between said singulation

36 unit, said flipping unit, and said offloading unit.



36 unit, said flipping unit, and said offloading unit. - 3 SEP 2003
Repl acenent page 27 August 2003 15 1 2. A system according t &Lgi ﬁQB
1, and further conprising a washing 2 unit having: 3 a housi'(r%gvi' ‘
having a first lateral half and a second lateral half 4 separated by
separators; 5 a conveyi ng nodul e provided on said housing for
conveying a 6 horizontal array of said singulated devices within said
7 retainer/carrier set horizontally between saifepdcementpade 828ogudt 2®3
| ateral halves; 9 a drying nodul e having at | east two gas nozzles
attached to said 10 first lateral half fbY sinultaneous bl ow ng of
drying gas upwards 11 and downwards; and 12 a wash nodul e havi ng at

| east two |itqu2d noAz$ysteratacrohadidgtto cldith $aand feterdcdnaprisiag ahakashing
si mul t aneous spraying of liquid 14 upwards and downwards. 1 3. A
syst em accordi ng t ouflt®daving: Wherei n said conveying nmodule is 2
adapted to receive said retainer/carrier set, said carrier further 3
having a plurality of parallel and elongated slots to facilitate 4
access of s&id |iquRdheuringahaviag \a fiest daterab haifsand za secondi lajenah thealf
devices, the longitudinal axis of said slots being 6 parallel to a
conveyi ng dur ecti onsepévated byasgpeirateirs;sai d |iquid

5 a conveying module provided on said housing for conveying a

6 horizontal array of said singulated devices within said
7 retainer/carrier set horizontally between said first and second
8 lateral halves;

9 _ a drying module having at least two gas nozzles attached to said
10 first lateral half for simultaneous blowing of drying gas upwards

11 and downwards; and

12 a wash module having at least two liquid nozzles attached to
13 said second lateral half for simultaneous spraying of liquid
14 upwards and downwards.

1 3. A system according to claim 2 wherein said conveying module is
2 adapted to receive said retainer/carrier set, said carrier further
3 having a plurality of parallel and elongated slots to facilitate
4 access of said liquid and said drying gas to wash said
5 singulated devices, the longitudinal axis of said slots being
6 parallel to a conveying direction, wherein a jet of said liquid

7 nozzles being of a flat fan-shape with the plane of said fan-



7 nozzles being of a flat fan-shape with the plane of said fan - 3
SEP 2003 Repl acenent page 27 August 2003 16 8 shape being _ )
substantially perpendicular to said conveying 9 direction. 1 4.
system according to claim 3, wherein said drying nodule is a 2 hot
air nodule, said drying gas being hot air. 1 5. A systemaccording to
claim1l wherein said transfer nechanism 2 conprises: 3 a turret
systemwith a plurality of pick-up units attachBeblacemant page 87 Aegust 2003
said turret positioned above said orient af or station, vision 5
station, a receiving point of said infeedlhg station and an 6
accepting pgi nt of LA~ oyt - qoi 10N, i I ck- LS .
adapted to %oncurre%ﬁ Feetlrggr'] e?l%d%éﬁ%éelgpfQ%rﬁlegﬁg:ug%a#igo%glog c%r?veylng
anot her station; 9 an X-Y table for receiving said retainer/carrier
set after wdshing %b'eﬁ @-drying in said wash unit and transferring
said carrier to said 11 receiving point therefrom and 12 a retainer
lifter positioged apoy téﬁh'Qc&érdiﬁgttetﬁléinﬁﬁdmg?é}h%%i& Bryirg m&RE % a
said retainer fromsaid carrier fore sard carrier 1S

transferred,to said, receiving point by said X-Y tgble. 1 6. A
f1ipping unitt for fhPEﬁlrr{HO%@gr sg'gn‘?ﬂ NG 4P BEMIRRL 8L 2 singul at i on

2 and sorting systemfor electronic devices, said system

1 5. A system according to claim 1 wherein said transfer mechanism

2 comprises:

3 a turret system with a plurality of pick-up units attached to a

4 turret, said turret positioned above said orientator station, vision

5 station, .a receiving point of said infeeding station and an

6 accepting point of said out-going station, said pick-up units

7 adapted to concurrently transfer devices from one station to

8 another station;

9 an X-Y table for receiving said retainer/carrier set after washing
10 and drying in said wash unit and transferring said carrier to said
11 receiving point therefrom; and
12 a retainer lifter positioned above said X-Y table and adapted to
13 remove said retainer from said carrier before said carrier is
14 transferred to said receiving point by said X-Y table.

1 6. A flipping unit for flipping over singulated devices in a singulation

2 and sorting system for electronic devices, said system



- 3 SEP 2Q03 Repl acenment page 27 August 2003 17 3 containing a
singulation unit for cutting a substrate containing an 4 ar rg§ SEP 2003
nol ded el ectronic devices into said singul ated devices, 5 sai
flipping unit conprising: 6 a support frane with a horizontal rotary
frame, said 7 rotary frame having: 8 a clanping pin block for
securing a 9 retainer/carrier set wwthin said rotary franme; and 10
at | east one slot on at |east one lateral side Raprlasemaniingdge 8¢ Akgust 2003
frame for securing cables and hoses 12 copnected to said rotary
frame; 13 a support table, positioned directly under said 14 rotary
frame, for receivin Ji i rrd: : i :

t abl e havi nése an act %gtﬁ ?A’g”ﬁi%&ﬁ??ﬁ@ Ol{dlﬁfé)&?:ﬁgtmgig sg'gfﬁéts‘%gg@@ﬁ'?%ba}”e
bet ween a standby positiqgn belaqw sajd . 17 support franme and .
coupl i ng position wARY P 5“9@98 elsfg{rPB'rcné%lv'B ggpdsql%tsg?qpqﬂegng_ewces,
ABSTRACT S| NGULATI ON AND SORTI NG SYSTEM FOR ELECTRONI C DEVI CES A

si ngul ati on5and sor SAyfiPPEIERNKICOMRIIsINGigul ation unit, an

6 a support frame with a horizontal rotary frame, said
7 rotary frame having:
8 a clamping pin block for securing a
9 retainer/carrier set within said rotary frame; and
10 at least one slot on at least one lateral side
11 of said rotary frame for securing cables and hoses
12 : connected to said rotary frame;
13 a support table, positioned directly under said
14 rotary frame, for receiving said retainer/carrier set, said
15 support table having an actuating mechanism for moving
16 said support table between a standby position below said
17 support frame and a coupling position within a void

18 formed by said rotary frame.



efficient offloading unit, an inproved washing unit and an inproved
flipping unit. The offloading unit contains an inproved transfer .
mechani sm having a plurality of pick-up units to provide condubkndlld
transfer of devices between various checking stations. The inproved
wash unit includes a wash nodul e and a drying nodul e provided on two

opposi ng sides of the housing of the wash unit. Figure 1A
Replacement page 27 August 2003
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ABSTRACT
SINGULATION AND SORTING SYSTEM FOR ELECTRONIC DEVICES

A singulation and sorting system with a singulation unit, an
efficient offloading unit, an improved washing unit and an improved
flipping unit. The offloading unit contains an improved transfer
mechanism having a plurality of pick-up units to provide concurrent
transfer of devices between various checking stations. The improved
wash unit includes a wash module and a drying module provided on

two opposing sides of the housing of the wash unit.

Figure 1A



