- 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 Sem - conductor devices such as
ball grid array devices (BGA) are commn1ly nol ded 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
upwards, and provyides a flipping-unit to flip the singul ated devices
over for one or nﬁf@ Riesentc iBygdion, delates efss .the nmanafgctusipg of semi-
system however, the washing - 3 SEP 2003 2 and offl oadi ng functions

are rate-|im téonglustarpdevioes.t tn padiayar, ehei presenedivertivn felf&S 90 the
steps. It is therefore an object of the present invention to provide

a si ngul asi on 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



and sorting systemwith inproved efficiency. 6 SUWARY OF THE

| NVENTI ON According to one feature of the present singulation and
sorting system an efficient offloading unit is provided that JyStBs2083
hi gh throughput. According to another feature, an inproved washing
unit is provided to further inprove efficiency. According to a
further feature, an inproved flipping urft is provi ded. 12 The
syst em i ncl udggd aoffibadina2klifdtions! CH 4 Ng ubstrate with an
array of nol ded :?ect ro?i C rgig'\?ﬁgeére{ﬁ s “s{ﬁrtfs I gfeé% 3@% ?%gtheacycle Time
flipping uni flipping.over the singulated devices; a washing
unit for mashferf{;lﬁfe na&a tﬁ‘%?%ée?%e singul ated devices; a transit unit
for transferring devices between the above-nentioned units; and an

i nproved of f | o@ds thersfore an bibidct Ut ith® prébdint ‘iﬁ\%%ﬂtfbﬂ%iﬁf‘éﬁ(%g%'singulatibn

orientator station for orienting a device to a pres

osition; a visd ﬁﬁfé- f [ i : singul ated devices; an
Pnfeeding sta?ﬁ%%apo r*é%hV@ﬁé"ﬁ?ﬁé%bé#@ﬂéﬂﬁﬁ 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 above, I n the second aspect of the present invention, an

i nproved Wash SUMMARY Of SHIEINWENGION| eani ng and drying the

si ngul at ed devices. The wash unit includes a housing that is divided

in | at | h : b t : [ dul

e e o 21, VRbd6Rang 5 BR6Hedturdof B bRESEY shglifion” '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



housi ng for conveying a horizontal array of singul ated devices

hori zontally between the first and second halves. A wash nodul § «-p 303
having at least two |iquid nozzles attached to the second hal £ %?‘ Y
the housing is provided for sinultaneous spraying of |iquid upwards
and downwards, so that the top and bottom of the horizontal array of
si ngul at ed devices 12 can be washing conc@wrently. A drying nodul e

havi ng at | east twoerqas nozz{ g ag%acgec{iﬁmtio the first half of the
housing is provPYIHE SoncurrRly {ransitrs ob daxises Setwesn e guarialsstations
and downwards so that the top and bottom of the horizontal array of

si ngul at ed devi ehtierad @boveri ed concurrently after washing. The
systemis controlled by a system controller that transfers the

devices to the vari ion its at 18 predeterm ned tines.
In the preferred e#ﬁgﬁ?%ﬁbhat%@%&gﬁghﬁ%reﬁ?'?fvlrwgﬂt'Wrt%“d"\Pé@‘@%é’raSh
and a carrier that .can be ed together to forman array of chanbers
t her ebet ween. BH¥ '%fprPH\g§ga &erNiBg; and dHyingdtheo singudatada devices. The
singul ated device. The carrier is further provided with el ongated

sl ots, and i ntewash sunibvindiudes: a twousinign ghatoidudivided: intb hiwo tiaRral halves
| ongi tudi nal axis of the slots - 3 SEEP 2003 4 running parallel to

the conveybng digparhicdn byf sépuratsrsy oy id&v@ﬁﬁglel?lggpglet 2? g%d‘ With the

The liquid nozzles in the wash nmodule is pre _
direct on 6 AR SRt HeASIARRCR G0k nofietee dhvisds
view of the Sy%o?@oﬁga(i@rbdét\”gertl ?hé Puest %(afs%rcrogg halves. Awash module having
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



enbodi nent of the present invention. Figure 1B is the perspective

view of flipping unit, wash unit and offloading unit, with sord 8EP 2003
the details left out to illustrate the general |ayout. 12 Figures 2A
and 2B are the top view and cross-section view across line A -A :
respectively of the retainer of the present invention. Figures 3A and
3B are the top view and cross-sectional viftew across line B-B

respectively of har t r.esent j.nveption. Figures 4A and
4B are the per Srg@@ﬁqc}géréu tgiqé% cgﬁgggngfﬂ]rgcﬁw BE{'WQCWOLV LRedHlg aigthe
to the present inventior} Jr8 Q’)gure 5A-5C are the side, top and front
views of the wa¥@tthgintinihe liquid, pazalgs i thenwashamedtile is preferably of gdiat;
6 shows the side view of the turret systemaccording to the present
invention. - 3 fapmshapeoaviteor pamenofOheTib-shaisN Patiildint tisd | canivaging
detail ed description describes the preferred enbodi nent for

i mpl enenti ng t tdirastidar | yi ng princi pl es of the present invention. One
skilled in the art shoul d understand, however, that.the 6 follow ng
description is nmeant to be illustrative of the present invention,

and should not be construed as limting the principles discussed
herein. In certain instances, details such as cables, actuators and

not ors ‘havg be dé&h j i order not to obscure

t he preseﬁt im% i or. lF@%Q%@W such el enents are
required for the operation of the system In the follow ng

di scussion, aniguret & 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.



12 clains the ternms "including”, "having" and "conprising" are used

in an open-ended fashion, and thus should be.interpreted to_ggaggP 2003
"including but not limted to ....... ". The system constructed tnh
accordance with the preferred enbodinment, is used to illustrate the

i nventive principles behind the various aspects of the present
invention using ball grid array (BGA) 18 devices as an exanple. BGA
packages are typically nolded in an array format using a single
cavity nmold, and therefore need to be singulated after nolding. One

si de of each package, referred to as the "ball side" contains sol der

bal I s that needESCRIPTIONIQETHE INWVBENTHRNBges during the singul ation
and sorting process. The other side of the package wthout balls is
referred to as " rmll_?‘edefshde'_'. 3SEL P2- 1003 6 Referring now to

Fi gures 1A and 1 BJPEhOUPWING afietailednodesnriptiop  dgsaribesacthsr dprefetred
the preferred enbodi nent contains an on-loading unit 20, a

si ngul at i on uniembximent | fop implgmenting 4he aindesingnprin@plesaof tHe present
| oadi ng unit 28 and a series of gripping and vacuum sucti on

mechani sis t hatinvaspitiohi OHeeskilled tinaghe! art Wholild URieRSthRg, fh%WeVFESth%F the
this 6 enbodinment will be description in greater details below 1Tn

th f d esini : j i QUE d, .3B ,
et of prot ect faSrnddscrpiod 1€ et 0 %é‘3?%&%@%§F;n%§mas§ngdnverg%n,
retainer 30 is designed to

devices fromd ge, In this enbodinment, a, . .gne
mte with a ca Haeﬁhgﬁlﬁf Jot; aﬁ%sh&eg geulialiting, the pEppiples discussed
t her ebetween. The retainer 30 is provided with a retainer frame 33
wi th el ongat edheraips 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”.



12 openi ng 33a between support tracks 31 and hol es 33a on both ends
of frame 33. Drainage channels 33b are provided al ong the outgir gé
of the. retainer for fluid drainage during washing. The carrTer 938 2503
is provided with a carrier frane 35 and a hol |l ow center interposed
with ribs 34 to define holes 36 therein. A second set of holes 35a
are provided at the ends of frame 35. Th& retainer and the carrier

can be superi npose t her to ate.ch

t her ebet ween. The ?% a nﬁ n%w\{(?&_ﬁ:gﬁ?r&% ?ﬁ ?u@e CF"W %b%@%rsasmg
side of the devi c? with the tracks funct|0n| ng as support for the
devi ces. The caP¥stgn ?%C%Qg]gg%ﬂpe[ preferfed gpbodiment weatajas |ansoadoatling
the devices, with the ribs supporting the four edges of the device,
such that the bamit 20aasingiatior 1ininad2 pa fipping: dniti2dhianwalsh unit 26, an off-
correspondi ng hole. - 3 SEEP 2003 7 Figures 4A and 4B show the

i nproved fli ppilogding turicc28 dand to $diies pbfefgﬂdpﬁq eghgdivi@itim TE\fetion
unit includes a support frame 40 with upright walls 40a supporting a

ral sed and hor meghahisl ahd LoidtRut?ind BERGH it TRYRAAL! HAGNS Of hid

positioned directly under t rotar rarre 'nth

rotary fra i ul sh defln hori zont al

rect angul agevo %ﬂégm 'ng %?HP%@’&'Q 9rRa ‘%‘rglegﬂ&‘rﬁe'o\”et ai ner and
carrier. Pins 48a on a clanping pin block 48b are prOV|ded on the

two ends of the rofigiie pfefBRedZerhBbdinbri! %ets ééez?ao?égtdl?gnd

holes in the retainer and carriers (not shown neu Ic ac

e o Ged Uil ot AP AN P D AR Sl

or | ower 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.



12 support table 44. The rotary frane 42 is provided with slots 50 on

the two Ilateral sides. These slots are used to secure air hq_sgsc\%i__e}fn%ﬂ%
other electrical cables (not shown) that run through the suppbdr '
frame and rotary frane and are part of the rotating nmechanism As a
result, the cables and hoses will be rotated with the rotary frane

in a controlled and secure manner duri ng7rotation of the rotary

frame. The cabl es hawf ' 0]
for the sane purpog : r %gﬁr es g%ﬁ%@%ﬁvﬁﬁé@%@%%ﬁ ﬁHg%cC%%‘ﬁﬁ%%Pghe
the preferred i,ment, of th esent .invention. The hgusing 60 is
di vi ded | at er aPF%}gﬂugﬂfg"}P‘%‘{"PS{‘Eh%? Bﬁﬁ dHH‘U§e§e@oﬁHPH‘af|tf remey 44, with
plates 66 therebetween acting as separator for the two halves. A
conveyi ng noduMBrigels walls #@a SURGOHING ja mised awd horizaytabgatarg frame 42
provi ded. The drying nodule (for - 3 SEP 2003 8 exanple a hot air

nodul e) cont ai thenging#ssupport éable Glaisepasitionetb direotly badef tHestothg! frame.
with the gas nozzl es bl ow ng upwards and downwards at the central

region of the fr tid ehlddimEAs the FathBEfrdMeas of Bréﬁﬁnﬁﬁlﬁffﬁﬁﬁﬁ?ﬁghg a

knife type. A wash nodule is providéd in the second
liquid nqgzzle b r [ spray.at the. ..
central 6%? egi gﬂﬁ%?rﬂ?[]gééﬂgﬁgﬂﬁmﬂé a%%ﬂ?%a@%%@%o@tgr g}eerrﬂﬁfcgp'ng :
produce a vvatert j et 01::i a fla .faa shape, .with the plane of the fan
runni ng al ong '§t@ATCAaRd garmeh, SRS ARamya clampingreincblock f8hoare provided
Figure 6 also back to Figures 1A and 113, the details of the _
transfer mecha®i #ie two ends of thegtanidrame 428 iinterantionpaith fcocresponding
preferred enbodi nent is shown. The transfer mechani smincludes a
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



12 retainer lifter 71, a turret system72 and an X -Y table 74. T‘rﬁ’
turret systemcontains with an outer and inner turret rings 763 SEP 2003
within a turret base 78 and nounted onto supporting pillars 79.

Mot or 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. Munted on the turret wheel 878a are a plurality of

pi ckoup uni t S GBI e HoSAiF Mafuid)ditafing! S8 ndtAed F0CqRNGEN AR the

suction punps and actuating ne _ eh C(lz_up e
turret rings. ret 7 re_the various checking, ositi

and out goi ng s?g%t%é%#h&eeg?ﬁao&a Saq{OWHQerﬂ’t:Bﬁsdlﬁrgit fg nwauds g'ﬂ;t e
vision station 86 ut goi n tation and a tray-handling station -
In the outgoi r‘?&"yﬁgf‘? An Q%Jﬁ@ Irplghalbaas gwzzles 70 arefpreferablyyof the air

outgoing tray arma87 to tray handling station 83 containing full
tray stackers $nifarype. AwsshAmedolR & provided inathesseuwker halb4vithQhkdiquid
optional stations include a reject station containing a reject boat

88 and reject moayle8071 Refeetlyi iiwardsFhad" SodAwaER o %ﬁ%&i&?%{‘é&tsal_ .

operated by loading a substrate (e.g. nolded array o ( patchages
onto the - | oaglki } in e
system wit thzé’%'gﬁld@:‘ %(Ee?g%q -rﬁg%?%wlgag;u sﬁf @8%%2??&%’31’ fﬁ}’@‘ﬁehﬂ water
| ead-i n vacuum head t hepn nove al o r gi ) o pick up the
substrate on | é%c??i%ﬁéé?n e§ﬁﬁpﬁ’r‘fvﬁ@§h? Pf;gﬁ&? tk? cjga'? Rening Aleag iliog A as
22 where singulation is perforned using any nethod. Concurrently,

the carrier vasbhowndnifige 282 grips a carrier 32 and transports it
fromthe support table 44 of the flipping unit through void 46 and

positions it aboveRE#&?riﬁé r}%% %elgigﬂleé/ i6C %?sot %a‘é@itg If-'ighretshem 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



12 conpletion of the singulation process. Wen the singulation -
process is conpleted, gripper 102 noves the carrier down and <3P 2003
the singulated devices. The correspondi ng vacuum systemis then
switched on, and the carrier vacuum gripper 102 sucks the array of
singul ated devices up into the carrier, and transports them back to
the support table 44 of the flipping uni? 24. A retainer 30 is

t

provi ded on th . t.as the singul ate .
devi ces and th%@?ﬁ?‘;gﬁs%@gérgo%r?éﬁ%nﬁ'q Stilmoﬂﬁlf({g@eqejq%estahon
carrier mates with.the retainer gg trgp,the singul ated devices

wi t hi n chanber SORIHMNAG R 1jeGtibgat ejachtRY 94 At this point, the
support table 44 is in the coupling position such that when the
retainer/carrier SRbfdiA§as FiG@eCPR aghin. ithe! n‘% j d 46
and at the sane |evel Iag the| r ot aﬂrfgka?néégeﬁ%gga\gg} }eﬁgﬁgséo ding a
bl ocks 48b are 3 0 t uat to extend forward into void
46 such t hat plshggtg%fg (gg%?‘ggjgg’t gl%gylo 15@9*18?%'?9?\? ante the on-lpading unit
edge of the retainer 30 and carrier 32 respectively. The support
table 44 is t héﬁ ﬁlgﬁe'?‘-&&trﬁt? ihéhen fedibyo thessystem, withdhe Heall sider facing
franme rotated 180 degrees about its lateral axis X -X such that the
bal | side éof tHpwasds dbrough fead-inadBnd\ tkadhinavdsuin(heddi 9& them rhevds
and the nol ded side facing upwards (carrier at botton). Due to the

secure positi oaiomg @il 106 ts pekupife Sasteats or lé&kﬁipﬁ@%?.{ﬂ%ﬁg bhﬂqﬁéﬁ B2&

there is mniml disturbance to the system during

support table j A ! ; I 4 etracted from

hol es 33a and Eﬁéﬁ@g“?%‘%@‘?ﬁo‘ﬂﬁ??gnﬁﬂ%&%%ﬁ%@'ﬁ%‘ fqgl ;%ed%qra‘lqgﬁil{s,m%rg%
the retai ner/carﬂgic?rcset anc{l piaces jt onto the wash tray 68 of the
conveyi ng method. Concurrently, he 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 |



12 nodul e in the wash unit 26. The wash tray is then conveyed %ggf_q‘) 2003
the central region of the second lateral half of the housing T'n
which washing is perforned. The wash |liquid, such as water is then .
sprayed onto the retainer/carrier set. The conveying novenent noves
the wash tray 68 horizontally a fewtinmes to ensure proper cleaning,
with the fan- shaped water jet preferabl y")al i gned perpendicularly

across the 18 ej@nqabad e?ét&’ic?;d?%a?@?htﬁ% %rstq?ﬁf f&%f}nﬁs %ggqlrgt %%erted

wash tray noves the retalner/carrier set to

provided in th i I r.al | f 2 of the housjng. Gas, such_as
hot air, is bl g'\k‘{%’ (6‘?1%38 %’é Eﬁ)&sﬁgﬁ ata‘gﬁi% oF e etaiiarop0 and sarmiennB2
until they are dried. ft_Fr dryi n% one of the grippers 104 grips the
ret ai ner/ carri dPSREFUVElndTHY SyPPeFls takle Adnis Hbemaloweradt toahe ostaneby
off-loading unit 28, where - 3 SEA" 2003 11 the retainer lifter 71

grips the ret aipesitioan@nd thesrotary dremye frotated N80 clugrées .abolib ¢ts dateralCixis
is then transferred to the pick up position of the infeeding station

where the X-Y D&Xlstch4that thedsip i fdasi gsvi ty hgoRhils:
up position 106 for pick up by the pick upgﬁﬂle(%s. %Atddg?c%&ag g%‘?.h%éﬂs

106, a pigk-u ' } ! i j ce and .act uat ed

downwar ds %y a?%é?%g%r §3ﬁ/st?®m§hv¢1lﬂf€mm%aga@%d@é@| qugslﬂtg@[{lqr@tmmp
t he prescribed é&ei/i@e. The turret .rin 76 then index a prescribed
angl e to transPHE 1 spqule Rositipning ; Qfcthg gable rand, beses tint slots. 50rand
the non-limting exangl e shown in Fig.1A the first station is an
orientator staliPlgs #Abvifese is meinirpak distutbancaeto the systpinadarngrftipping.
rotated to a predetermined orientation. The sanme suction head is
transferred toTheesuppott table isothen misédagainsand 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



12 station in the present exanple. After vision checking at the _
vision station, the prescribed device is transferred to the meXtSEP 2003
station. In the exanple give, the next station is an optional :
station for renoving rejected devices by placing themin the reject
boat 88 and then into the reject tray 90. At the last station, the
good units are rel eased onto an outgoi ng Bbat 85 which, when full,

is then transf g i ata] opt 8.trays 92 or
94. The nunbere%#ee%tégb-é{)?)lﬁﬁreggigr%%uﬂ%e%&%ﬁe{i%gh t8' %r @ta?/y fr8P1e¥'é€? &BINer-
equal to or nor . unber of functi,onal ostions/stations,
such that concufp%%?%%g%aﬁe%ﬁgﬂﬁgeﬂegggqk:h’e PigK W p@sitiog 0%%@9\9@@66@9
stations. In the exanple %’ipé/e’ there are 8 pickup heads for 6
stations, with $aHoR %e&? HpY khla g4 is indexedonendsviem st atimmptoctheapidk-
- 3 SEP 2003 12 other variations and options can be readily produced

according to thep pasies 106dfor piskeant by théheickalp uhiieAdsick-epspesitiomel 06, a
sane carrier is transferred away, the enpty carrier is reunited with

t he retainer atpitkeprigéd 82ris! Aligned with 288vicd © hRpe '
104 back to thepfl [ Spi ng unit 24 for the gée'\ggéggglsée&?%@%&%@&%%h%a

entire opegati j (o'l i ne.c ler, VWjle the .
present i n\gent %?rﬂ‘h%a% ee‘ﬁhlgéégcﬁebug'ﬁgggﬁﬁfﬁ g{g%%\ﬁﬁﬁk Y& BiRscLibed
the aforenmentioped figQures with asis on a systemfor singulating
BGA devi ces wi tFVESH |ﬂ|§pﬁﬁ@w£¥‘8ﬁ%%%m% g pregeHbedtangle te te@nsfercthe
figures are for illustration only and should not be taken as
linmitation on tRfes¢iRechidayice pptcadie tnaxt statiors il dbe ndmelimiting restamaple

and 12 apparatus of the present invention has utility in many
appl i cations wehown in Fig.1A, the first 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 tray 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



device singulation, sorting or checking is required. It is -qJSEF 2003
contenpl ated that many changes and nodifications may be nmade by one
of ordinary skill in the art w thout departing fromthe spirit and
the scope of the invention described. 3 SEP 2003 Repl acement page 27
August 2003 13 CLAIMS 1 1. A singulation gnd sorting system for

el ectronic devices 2 conprising : 3 a sindulation unit for cutting a

substrat e cont ajthemgamatioHs’ awd%pt&;rigohdﬁ%eeké;rrﬂy%}b&ué@d !a%%ﬁhcgﬁggo the

si ngul at ed devices; 5 at | east one retainer e carrier

together to for ' /carrier set containing an array of
chanbers 7 thedrgfé3 etrgg{éﬁémggc' of said chanbers being adapted to

retain 8 one singulated device, 9 a flipping unit for flipping over

sai d singul ated deWhersallithéidevid@ssen the samienearienis ithinst&ired SA4Y, the
flipping unit conmprising: 11 a support frame with a horizontal rotary

frame, said 12 r {30 wi i | f or
securing said ﬂﬁﬁ 1 dféﬁégﬁirﬁgmégmtﬁgtp éslegt@g\ng "t %?ﬁr%sg‘?‘gtﬁhﬁeg H'aﬂﬁ?
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.

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 !t 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.



at |east one slot on at least one lateral side of said rotary frane
for securing cables and hoses 17 connected to said rotary frange,_ - 3
S EP 2003 Repl acenent page 27 August 2003 18 19 20 21 22 23 §43E% 2003
support table, positioned directly under said rotary frane, for
receiving said retainer/carrier set, said support table having an
actuating nechanismfor noving said support table between a standby
position below said support frame and a coupl i Repigsemient page &7 AHIYst 8003
void formed by said rotary frame; and 21 an of fl oadi ng unit
conprising: 25 an orientator station for “orienting said singul ated
devices 26 27 28 29 30

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;



31 32 to a prescribed position; a vision station for inspecti_régchi 9“%3’
si ngul at ed devi ces; an infeeding station for receiving said veh oo
si ngul at ed devices; an out-going station for receiving inspected
devi ces; and a transfer mechanismhaving a plurality of pick-up units
to provide concurrent transfer of said singulated devices between
said infeeding station, said orientator station, said vision station
and said out-going station; 35 a transit unit fBerlacerEaairRage 2hGugust 2003
devi ces between said singulation 36 unit, said flipping unit, and
said offloading unit. - 3 SEP 2003 Repl acJe‘}Tent page 27 August 2003 15
1 2. A syst according to claj n rther. r sl hi

L S0 Mo ne ol Syboft S RGO e

2 unit having: 3 a housing havi irs secon

| ateral half 4 separated b eparajors; 5.a conyeyin dul e .
provi ded on'%ai d housi ng rqatgfy i’lﬂ%%yhﬁgre&ey'%ﬁai%r{éﬁ'ﬁ%r:}ﬁ?%ﬂj'ef)fseé’a?a'd
singul ated devices within said 7 retainer/carrier set horizontally
bet ween sai?® first and sé&tBRart tableahaying ampokating meahgnigm Aerdmoying

having at | east two gas nozzles attached to said 10 first |ateral
hal f for sizwltaneous bl saichgupdortitabledepasempvetaddby 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.



11 and downwards; and 12 a wash nodul e having at least two liquid
nozzles attached to 13 said second lateral half for si rrultang%cs)as a03
spraying of liquid 14 upwards and downwards. 1 3. A systema eF—gi@&
to claim2 wherein said conveying nodule 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 si ngtigrecenienteage s Auguse2003
| ongi tudi nal axis of said slots being 6 parallel to a conveying
direction, wherein a jet of said liquid nozzl es being of a flat
fan-shape with the plane of said fan - 3 SEP 2003 Repl acenent page 27
August 200311628 shépsystenraccontisgdatdlaim ¢, amd funtitiraadnapriging sawdshing
conveying 9 direction. 1 4. A systemaccording to claim 3, wherein
sai d dryinganodul e ufitdhavihgiot air nodul e, said drying gas being hot
air. 1 5. A systemaccording to claim1 wherein said transfer

mechani sm 2 conprises: 3 a turret systemw th a plurality of pick-up
units attaclBed to aa Bousing dhavirgiaditsirlatarap bwift antheal seisond kateral half
orientator station, vision 5 station, a receiving point of said

i nf eedi ng swati on asdpamated bycsepiratogs;poi nt of said out-goi ng
station, said pick-up units 7 adapted to concurrently transfer

devices fromone station to . ) ] )
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-



8 another station; 9 an X-Y table for receiving said retainer/carrier
set after washing 10 and drying in said wash unit and transf_esr rciE@gn 03
said carrier to said 11 receiving point therefrom and 12 a retai néq
lifter positioned above said X -Y table and adapted to 13 renobve
said retainer fromsaid carrier before said carrier is 14
transferred to said receiving point by said X-Y table. 1 6. A
flipping unit for flipping over singul ated deviRBexacemert page gl AugusbP003
2 and sorting systemfor el ectronic devi Cfs, said system- 3 SEP 2Q03
Repl acenent page 27 August 2003 17 3 con %i ni ng a si nggl ation unit
for cuttingga subst o [ N} - I C i
devi ces in'?(g3 sai d s%ﬁéﬁ?a’?%ﬁ e%/li“gsétgﬁnalgl éﬂ‘@a‘%@%ﬂa.{"b‘p@ngguﬁgl"e Eé%y?ng
conprising: 6 a sup%ort frame with a horizontal rotary frane, said 7
rotary fram® havi ng9"8UOR anpi ng pin bl ock for securing a 9
retainer/carrier set within said rotary franme; and 10 at |east one

I I j . sai . . .
Securing call of and HOLRe S BARa 1P AT S WERIAIHi] B LR que s 2

support table, positipned directly under sajd. l%!g%trotary frame, for
receiving s&id ret aﬁﬂg?Vﬂ?ngrs@'ﬁt&y% 9as kg'"g 't tabl e having an

actuati ng nmechani smfor noving

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



16 said support table between a standby position below said 17
support frame and a coupling position within a void 18 forned YEP 2003
said rotary frane. ABSTRACT SI NGULATI ON AND SORTI NG SYSTEM F
ELECTRONI C DEVI CES A singulation and sorting systemwth a
singulation unit, an efficient offloading unit, an inproved washing
unit and an inproved flipping unit. The offloading unit contains an

i mproved transfer nechani smhaving a plural it yRefacgmer-nage ghiugust &003
provi de concurrent transfer of devices bgfween various checking
stations. The inproved wash unit includes a wash nodul e and a drying

Lﬂ;;ﬂg{ erégygdii on  cbiRxiMAE S sRGuRIBR UM for ety 'S isi8sfhtd BSntdRiRg an

4 array of molded electronic devices into said singulated devices,
5 said flipping unit comprising:

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.





