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Supply mechanism for the chuck of an integrated circuit dicing device
Field of the invention The present invention relates to a sawing and
sorting system. The system 5 interacts with, or includes, a dicing machine
which saws ("dices") a substrate with many integrated circuits formed onto
it to form individual integrated circuits. The jnvention further relates to
apparatus for use in such a sawing and sorting system. Background of
Invention 10 Conventionally a plurality of integrated circuits are formed
simultaneously on a semiconductor substrate, and the substrate is then
diced to form individual integrated circuits. Apparatus is know for feeding
substrates into such a dicing machine, and for sorting the diced integrated
circutsphly Gresihypesof fuetrateduskcult syhinteigrbgrbaliagiintoiegidglice
popular is one having an array of multiple electrical contacts (typically
solder balls, known as a ball grid array packages, and pads in non-leaded
mackages<KAoumigs a Quad Flatpack Non-Leaded (QFN) packages) in an
array on one of its major 20 faces. The dicing of a substrate having a ball
'lﬂqnd arl%%/ on one of its su %(a:es is typically performed with the surface of
PATE IEXFOHGE oRE B 1ot AR RN ROTHBH/PYS 8ol System
mml(cadt@dumﬂbercx%flsomm\?s?mewfm@sm@%hmei wumeslaiaw@gr@t@@bwjreugubstrate
units to detect abngrmal (fau nits. This ed us ras
e A e G e e v S5 P EB RG] aptegrated
csuahitteclihig uexseatmesfemtheh mitiede dn fpaspmdastitdaods taebie prrdermashwing
the asis of batch of units produced from the same substrate, and
%ﬁ Datehorin Efs is rejected as a whole if a fault is identified (e.g.
because it |s dlscovered that the alignment of the substrate with the lines
ey e pEliiAe is not sufficiently accurate). During this
process the units are handled by devices which touch the integrated
circuits at the edges of their upper surfaces, at the margins which are

oRRvariisnally ek s e iplacsated sl edierie Bormebainyitaraysly on a
Seomiastingdhe slipyiiatbess setecesibadiskotilamage Peing SanEdQiNs

array of balls. However, this handling operation is a difficult one, and is

BleiAiRg i‘HE?HE%n@PPﬁ%FH%\ﬁuEORV& hdegsineriHbsRIgRBPSHela dicing

rfaélcérﬁtne thadTaraiBrarmtbthrbailied Rray shemks. 10 Summary of the
inventon

One type of integrated circuit which is becoming increasingly popular is one
having an array of multiple electrical contacts (typically solder balls, known as

- a ball grid array packages and pads in non-leaded packages, known as a

Quad Flatpack Non-Leaded (QFN) packages) in an array on one of its major
faces. The dicing of a substrate having a ball grid array on one of its surfaces
is typically performed with the surface of the substrate carrying the balls
facing upwards. It is known to perform a limited number of sorting opera{ions
on the singulated integrated circuit units to detect abnormal (faulty) units. This
is performed using cameras under which the singulated units pass. The level
of sophistication of such techniques is presently limited. In particular, it tends
to be performed on the basis of a batch of units produced from the same
substrate, and that batch of units is rejected as a whole if a fault is identified
(e.g. because it is discovered that the alignment of the substrate with the lines
cut by the dicing machine is not sufficiently accurate).
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The present invention aims to provide a new and useful system for
supplying substrates to a dicing machine. 15It further aims to provide a
new and useful dicing system including a mechanism for supplying
integrated circuits to the dicing machine. In a first aspect, the invention
provides a substrate delivery and chuck sygtem for co-operation with a
dicing machine, the system including a chuck table 20 having two chuck
sections; a drive mechanism for moving the chuck sections between a first
location and a second location; and a lifting assembly for substantially
simultaneously (I) depositing a first substrate onto a first of said chuck
sections when the first chuck section is in the first location, and (ii) picking
up singulated units of a previously diced substrate from a second of 25 the

Rhyiels sEipmebeniea FREOBL AL SS UIPBLYID AREPRI IgeqioN

.the Chkﬁjcg table and drive mechanism being operable (i) to co-operate with

HeURIRY Athin@tdfdysnsitand sinren swEasss aibe searivinawhich
ahe firsiioentinthaagedptmove teAkehesasdts 2 the srepad grid array.
|

ocation. In,a secon pect, the invention provides a system for dicing
B0 Lk R e G516 R bR parciaghe
anaghiieialshdowiakie, haldng e epl RARIONS AdifveImS e agismdor
brggvin(ﬁ?the chuck'isg{tions be \ﬁg.ee a first location and a second location;
And A g B SESIY, P s HEtaHtE AR Gmanabiigytiaeyss it uits falls
dinsit thebsteatgroato untir shoftzdidy dbuak-sestengavhen the first chuck
section is in the first location, and (ii) picking up singulated units of a
previously diced substrate from a second of the chuck sections when the
segundryidksdptientiom the second location; the chuck table, drive
mechanism and dicing machine being 10operable to dice a substrate
i ' i irst | ion, mave that chuck .

R S R e e S T
swRBicast rydistng masiiaged circuit units formed within substrates, the
method including depositing a first 15substrate on a chuck table at a first

location; operating a dicing machine to
It further aims to provide a new and useful dicing system including a

mechanism for supplying integrated circuits to the dicing machine.

In a first aspect, the invention provides a substrate delivery and chuck system
for co-operation with a dicing machine, the system including a chuck table
having two chuck sections; a drive mechanism for moving the chuck sections
between a first location and a second location; and a lifting assembly for
substantially éimuitaneously (i) depositing a first substrate onto z first of said
chuck sections when the first chuck section is in the first location, and (i)
picking up singutated units of a previously diced substrate from a second of
the chuck sections when the second chuck section is in the second location;
the chuck table and drive mechanism being operable (i) to co-operate with the
dicing machine to dice a substrate plaéed in a said chuck section at the first
location, and (ii) to move that chuck section to the second location.
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dice the first substrate, and a drive mechanism to move the chuck table to
move the diced first substrate to a second location; and substantially
simultaneously (i) picking up the diced first substrate from the chuck table
at the second location; and (i) depositing a second substrate on the chuck
table 20at the first location. The term "subgtantially simultaneously"” is
used to mean on a time scale much shorter than that on which the lifting
assembly performs the operation in which substrates are picked up and
deposited. One possible of the term 25"substantially simultaneously" is
that the release of one substrate occurs within 2 seconds (or more
preferably one second) of the time at which the singulated. units are icged
TR SRS RO ' iHo RACR PR AR KRB R T SR8 Ay
cif@tﬂi?et@ %hﬁh}%iﬁ@@ﬁat@iﬂ FWH%J,CEIH@' w&md rmé@ﬁﬁg?]at?&mg mac?ine; a
simultaneoysly” may im at the time during which the suction forc
CBGdaRE e LIRSS YNy B OENA KRN P AURKG A

clheisuelinioap pitdsethe fHisgloledédnsdatirgs dypichlysatierchaok tabféing

oI S A2 S BRSSO S e o @
firenud\etld the cdheekiiahtevisprefesaitytrotatelblectotibririg thedtfadirsétication,

into, £ iti f.th d section. Pref I ifti
RIS T iy FEROT Ry FoLl LAl et g o 2
seubstlaté {mdizuckidititignaavhbertheviegensucfagekfsenticsivingy the second

naulat : o S
BRI QB R R RARER ang AR RRaR e EE e e
opestabiblp aliesrmiepbatiete plavadlnia sridrbutseastiarsidhe ddyocation,

AbiReY gk Qg cBuekable. T Be JiiRa aSseaPly Is operable to
agescendO 15 onto%e &uc%ﬁtable \;{?/Lile carrying a substrate in the frame
lifting section, and substantially simultaneously to deposit the substrate in

n@hh& firstsestion ahthechHEkAahie ANcklg rRRAKR hestRAIAIRG tRES ey

e second section of the chuck table. 20 The lifting assembly may include
chjaiit Wit Epnaamiiihib seoefaRinthairecthod disdystiba diepentting a first
stRdgaiRn BeRosiiienng dbs heshidefeme flngimem BRI A thBehitng

member as the lifting assembly approaches the chuck table. In one form,

digecthn Brid srbsbicdey A0e aIdRMeneskes B famera hireelusk lahtedp
HRAR! ane gttherpuide slamants akeedhe iowatRia e SRS APiERRLIVINg

the projection. = = . ‘ :
simultaneously (i) picking up the diced first substrate from the chuck table at
the second location; and (i) depositing a second substrate on the chuck table

at the first locaﬁbn.

The term "substantially simultaneously" is used to mean on a time scale much
shorter than that on which the lifting assembly performs the operation in which
substrates are picked up and deposited. One possible of the term
"substantially simultaneously" is that the release of one substrate occurs
within 2 seconds (or more preferably one second) of the time at which the
singulated units are picked up. Alternatively, in the case that the substrate and
singulated units are retained on the lifter unit by suction, the term

"substantially simultaneously" may imply that the time during which the
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The lifting assembly comprises at least one vacuum source and one or
more apertures in the frame lifting member and net lifting member which
can be brought into communication with the vacuum source, to generate a
suction for urging the substrate and/or the singulated units against the
respective surfaces of the frame lifting memgber and net lifting member.
The lifting assembly may be configured to operate with substrates which
5include multiple panels, each composed of a plurality of integrated
circuits to be singulated. The integrated circuits are preferably of the type
having an array of electrical contacts, such as a ball-grid array or array of

. Preferably, the substrate is diced at a time when the array of .
33%%@?{&5? 15 s f‘§°cﬁ?§ @m&v@%ﬂﬂ%}w {ABIRY RyaiRPmeith the time
ciggeenblyiphefiesatiiz tioovas plical o thiv dirdiom:fres ROFHEN in which it
lifts a first substrate, the chuck table in which it deposits the first substrate
and picks up the singulated units from a previously diced second unit, and
TypEsobit fissitondn iwhietmitgepms mimtﬁm@dateﬁ;sfr;aﬁ@f@@éagl!yfor

nd the deppsit position the lifting assembly

o R R R g, AttnthRotrBhich the
Sireaiiaitd. gndieasedysTiensewidghanayliok talseistaggaranhidbiieble to
BHRGURLed LN ' -pbrushing action, and a cleaning stage

in whicfilrtﬁgiﬁrgﬁmﬁtg%ﬁ%@%ﬁe@@éﬂﬁ%osg%?géﬁ?ﬁgi%ﬁon using a

fluid. Preferably, in the cleaning stage the net lifting member is inserted
PRt m@glmil} igRd ich.singul its lacated on the pet liftin
memtﬁbr@gre clelaned ugaﬁgmgggg%i%%ﬁﬁlygaﬁmg Q?aeé%qﬁga@mg g

It FrEMERISY st @:g8eerls thadi@iedifiraorabiybendtifterg a surface for
rassfM\singY Beariangedio, i@ leeR, Inghudi st position in
whij:akliﬁmi\tt@l coIIe@cts a first su bstratzgﬁeo@ﬂé%opﬁgﬁ rﬁgﬂgﬁé%ﬁﬁ@@ ?gorlréelﬁqber

NIMEHARIpBEIR #idanst eoptisstionipithe i treeci toilohentlatisléropt
pacTERdiol Sy SlipRr SERBBAMMGVAREAABRO S BERKIPLNNYELRAY away from

- the surface of the chuck table. The lifting assembly is operable to descend

onto the chuck table while carrying a substrate in the frame fifting secﬁon, and
substantially simultaneously to deposit the substrate in the first section of the
chuck table and to remove the singulated units from the second section of the
chuck fable.

The lifting assembly may include guide elements which cooperate with guide

‘elements provided on the chuck table for positioning the both the frame lifting

member and net 'liﬁing member as the lifting assembly approaches the chuck
table. In one form, at least one of these guide elements takes the form of a
projection, and at least one of the guide elements takes the form of a recess
for receiving the projection.

The lifting assembly comprises at least one vacuum source and one or more
apertures in the frame lifting member and net lifting member which can be
brought into communication with the vacuum source, to generate a suction for
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30deposits the singulated units, In a preferred embodiment the system
may include one or more treatment units for treating the singulated units.
In a more preferred embodiment, one of said treatment units may be a
brushing unit. 5 In a still further preferred embodiment, one of said
treatment units may be a fluid cleaning unig which cleans the singulated
units when a portion of the lifter assembly supporting the singulated units
is located in a cleaning location. 10 In a preferred embodiment, the
integrated circuit units may include an array of electric contacts which face
away from the chuck table during the dicing operation. 15In a fourth

the mvgﬁﬁ%é Vld s a substrate delivery and chuck system for

B gt PR R o PRalRh e resbertve

mﬁmbammmwhadﬁmmemt%dw m@ﬁh@:ﬂ@%&ﬁﬁ&\/mg the chuck
sections between a first location and a second location; and a lifting

assembly for substantially simultaneously (i) depositing a first substrate’
Tdmasﬁza@fasgmmhwga tesemtitgsratien dpe i ah w\cgm@m@m@\'ﬂhtbﬁ

Air tI cati ickin singulat dunlt ly dice

el ratel‘(ﬁ‘[ob e%gén(? a&hgo % gE fo%g Ehdguits to
kmetmuﬁaiadhﬁmmagrmmtlompm M%ﬁetﬂn@ﬂﬂwﬂy&h@mm@ an

h d h
T R R C e AR AR P3HE ) o

| F?ﬁ@ﬁ%ahé/flthed}mrgé@tiammmwsedmd lwbatidhe array of electrical

confacts is facing towards the chuck table.

The lifter assembly preferably moves in a loop including a first position ih ‘
which it lifts a first substrate, the chuck table in which it deposits the first
substrate and picks up the singulated units from a previously diced second
unit, and a deposit position in which it deposits the singulated units.

Preferably, between the chuck table and the deposit position the lifting
assembly moves through one or more stages in which the singulated units are
treated (e.g. cleaned). These stages may include a stage in which the
singulated units are subjected to a brushing action, and a cleaning stage in
which the singulated units are subject to a cleaning action using a fluid.

Preferably, in the cleaning stage the net lifting member is inserted into a

cleaning position in which singulated units located on the net lifting member
are cleaned using the fluid. Preferably at this stage the frame lifting member is
not exposed to the fluid.

Preferably, the lifter assembly may be arranged to move in a loop ihciuding a
first position in which it collects a first substrate, a position proximate the
chuck table in which it deposits the first substrate and picks up the singulated
units from a previously diced second unit, and a deposit position in which it
deposits the sing'uiated units.
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In a fifth aspect, the invention provides a support device for supporting a
set of integrated circuit units, the device comprising a support frame, said
frame 30having an array of recesses; a soft material insert, adapted to fit
within the support frame, said insert having an array of apertures placed
so as to correspond with the recesses of the frame when said insert is fit
within said frame; a vacuum means in communication with each of said
recesses and apertures; wherein each unit of the set corresponds to an
aperture of the insert and is held in place by the vacuum, In a preferred
embodiment, the substrate may comprise one or more discreet panels,
whereby each panel comprises a plurality of said units ready to be diced
and singulated by the system. Thus, system according to the invention 10
IriSeastamtrbie ombsR i inl alpsdiavine srusiirldanels orfersatreatment
substrate, which in itself, may be a sipgle panel. The system m
Uik SR B BB, W oy Bt PR Ay VR dmsa) one of
sPRNelsaeasht cotitainiag faaybunikiog approximating a continuous
process whereby the system processes a single panel and thus reducing
the residence time of the substrate within the 15 system. The system may
Irbe efiplicaiblertorafeange padiadimsizerirool Smdinsdieatot G2ENMay be a

ackage design Ix1 to the largest available ages of 15x15. This
AR e et L o e e e e R MR et e
[i2rvelsishrmidy bepequiitly Suiadngulateslsitin &f heabeesent ickeention, but
| arg%er% to be made commercially available. In a preferred embodiment,

e system may further include a separating device upstream from the
chuck table. Said separating device may be adapted to receive a

lrgggsl%%en%fd%?ﬂ% ﬁ@%@ﬁ%ga%ﬁ&ﬁpmﬁ@t%g@ﬁey&@gﬁway of

els to be entered into the ¢ e for dicing, separate the
ejgotimtaonizaisnivhipefacp avey fiom te siyiakl tebis daidng hea ditdng
Opr&fg{-gﬁg embodiment, the separating device may have an optical
dentnllcation system, whereby the system identifies when the
predetermined 30 number of panels have passed a cutting portion of the

[ISePRIatinddpuee tHunisieeoRIfabs R SYiasn e traes B ierinpTimetionk

from the identification system and, instruct the cutter to cut the original

SYSHAIY, fouSRFERNE™ WL R HSREERAMNG thaSHRYSEREMHIA mber

of panglshaick ares ety el o saatidiesaayviers SQarae for moving
upwards and may be a funcgion of the

the chuck sectionsbetween a first location and a second location; and a lifting
assembly for substantially simultaneously (i) depositing a first substrate onto a
first of said chuck sections when the first chuck section is in the first location, -
and (ii) picking up singulated units of a previously diced substrate from a
second of the chuck sections when the second chuck section is in the second
location; the chuck table and drive mechanism being operable (i) fo co-
operate with the dicing machine to dice the first substrate p!acéd on the first
chuck section at the first location, and (ii) {o move the first chuck section to the
second location.

In a fifth aspect, the invention provides a support device for supporting a set
of integrated circuit units, the device comprising a support frame, said frame
having an array of recesses; a soft material insert, adapted to fit within the
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5size of the chuck table or other physical parameters. Alternatively, the
number may be influenced by the economics of the numbers of units per
hour that are required. In an preferred embodiment where the substrate
may be a single panel or at 10 least a small number of panels, there may
be distinct advantages in handling the smaller number of panels. For
instance, for a given vacuum arrangement, the smaller the number of
panels, the greater the available suction which may be of particular use
during the cutting action. In any event, smaller number of panels may be
more stable and so increase the quality of the cutting activity,
15particularly in relation to the packaging size or if an offset cut is
YeRpaddraneasaidinret ApdaganaE wthiapeilenplated sbpantds

reduced and therefore a conversion kit may become economically viable

TADRIT ¥RSHUARIRRANSHS SPseRinicRtiDaoHih rArh mbsaishrecatsers tnel

m@mum?@@@@miW%@%M@Q&Sﬁﬁ@%%%‘%‘?{&g BPRIOT
i&%‘%%a %{;ﬁ%@e, may minimize wastage should a cutting mistake occur.

ELRIAGT YR VR RS a 25result of a one-off event,

then the losses involved with one panel will be less than if a substrate of

man nels were involved. In a sixth aspect, the invention provides a
'ﬂw%tﬁ/{)‘go)fa‘? rr%&ﬂbbg&ﬁ?ﬂeé% PrBgHEESSBIICSRRIER QMRS More discreet

peowelxisingetebystepshob iordingrspit 38 supriralay BF adRil BYEI98udy to be
qx%igelaig{ea(hn@ss!aid ?%%Sc}r te{i}via the raili)()stem to a 9 chuck table ) i
afrangemeantaor cm%ys A BB kteE R diNBIRR B6petriissiRthe invention
ipraliiable fockdatiess abdeattonaeinickdableloeried on Rrespastivate,
v&?ﬁgﬁ’in itself, may be a single panel. The system may embrace both a batch
process whereby a substrate may have several panels, each containing many

‘ @w@s@m@wmﬁén@@é@@@%m&%ﬁgiu%éﬂ XIS AN RSIRER Baiq

units or approximating a continuous process whereby the system processes a
single panel and thus reducing the residence time of the substrate within the
system. '

The system may be applicable to a range package sizes, from the smallest of
QFN package design 1x1 to the largest available packages of 15x15. This
should not restrict the scope of the invention for future available packages
which may be equally suited to the system of the present invention, but are
yet to be made commercially available.

In a preferred embodiment, the sysfem may further include a separating

device upstream from the chuck table. Said separating device may be
adapted to receive a substrate of many panels and, based upon a
predetermined number of panels to be entered into the chuck table for dicing,

separate the predetermined number of panels from the original substrate.

In a more preferred embodiment, the separating device may have an optical
identification system, whereby the system identifies when the predetermined
number of panels have passed a cytting portion of the separating device,
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moving the chuck tables along the tracks, passed respective cutting
means; singulating units from the substrates using the cutting means, and;
maintaining 5the relative position of the singulated units within a
predetermined spatial arrangement corresponding to their position within
the substrate prior to singulation; flipping sgid substrates whilst '
maintaining the predetermined spatial arrangement; delivering the
singulated units to a net block assembly to separate and control individual
units, and; sorting and categorizing the individual units so 10 as to
separate them by efficacy. Therefore, the invention provides a complete
system to receive a strip of integrated circuits at the front end, and deliver

whidle ganitRlnibe SHiere duyaspiusdne ItAtRG iek FefB s CPRETSRON
smé!rheaﬁmmmwwmm@w@c@wﬁgm aligeiptisenuitdidate a new

modular construction, with each step connected through a delivery means.

sHP s IRINSIRB R RIGHBI DRI TYRRSR R ABRRIET iRAUR RAGRIgHNSd

neRsERIAS YDA BiWaHYef febkckiahipsiaraiethanieacks. @ﬁﬁﬁm@ﬁh@f the
chuck 20ta%es alon sald rack pass dres ectlve ;gﬁ

sgRqUIdhRg Hﬁ%f %‘"sf? Yééc ing" }{1 the
nonIbER RiRY the ﬁﬁi&@mwwm&b@smmﬁ&mmamwmcﬁlﬁelmts per hour
&Jeoﬁrlgdeterminedﬁpatial arrangement corresponding to their position within
ST Bior to singulation. 25 With the commercial success of such
systems significantly influenced by the Units per Hour (UPH) rate,

- embodiments Whl(‘EOIO ssist in the |n reasi UPH have a,s§n|ﬂcant

i%\&%\ﬁf& %"%? r(?rear:'{t s eesstf/s %mﬁ}/s emabodl erg"}a{hei orat
lehicitg sta@dimmﬁamda@ﬂeraekﬂuﬁaﬂtyﬁ oheakuek didfies} addesddmgealile bandling
tRE S L ﬂeorhﬁruarlr'] er 0 p%‘e?sq For instance, for a given vacuum arrangement,
the smaller the number of panels, the greater the available suction which may
be of particular use during the cutting action. In any event, smaller number of
panels may be more stable and so increase the quality of the cutting activity,

particularly in relation to the packaging size or if an offset cut is required.

For a system adapted for use with a smaller number of panels such as a
single panel, the cost of converting an existing arrangement is reduced and
therefore a conversion kit may become economically viable in order to

maintain the system.

For a continuous process or where the system emulates a continuous process

by processing a smaller number of paneis at one time, may minimize wastage
shouid a cutting mistake occur. For instance, if a cutting mistake occurs as a
result of a one-off event, then the losses involved with one panel will be less

than if a substrate of many pahe!s were involved.

In a sixth aspect, the invention provides a method for dicing substrates to
produce sorfed singulated units, comprising the steps of loading said
substrates fo a rail system; delivering said substrates via the rail system to a
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10 In a more preferred embodiment, each track may support a plurality of
chuck tables. 5In a further embodiment, individual chuck tables may
undergo the loading, passing, singulating and maintaining steps in a
staggered sequence so as to minimise delay time between these steps.
Further increasing the UPH, this embodiment provides a staggered
process 10 In a preferred embodiment, the singulated units delivered to

chelntitiekrangemihtdes dianassaibsullateorieadipgidk Substrates to a
p@g]sjggmwuam%@ev 62 Dl WaRlityRfdRetabiRdsvatedba Besepwetes eeick;

iment, each net block may be located on an individual track

mAluingeithectfusicia bigsialinag dhpSEEknPASFRBSRRBRINRS BPRgMeans:
smgﬁﬁgéﬂzgrﬂ@ futheseahasdineat thmsteraironi e eadsaiadorizigaining

etermining whether each singulated unit falls within, the

therelaliyepemitaniofthe seHaiRMbURTS HHEMR IR SHRgTINEY SRAtia

af S ESARIHING, JRFIE ¥ MR iR pRAM Sheviventiensuiosidste priystom
or dicing substrates to produce sorted singulated units, comprising . .
&E % ?g{/&}g\r%d spatial

singisetion foiBHERPishRY DS YAk HRSIIAIRIPLY SR A R T2 -
a*?r‘“dﬂrgé%%?@élweﬂ%ﬁwétaiﬁﬁ«haféﬁt@m@s%w@mﬂ@cksaﬁ@mmy talsieparate
arrarigement adapted to dice the substrates into singulated un'ts.helcil .
andmﬁrﬁrpie@@téﬁwéanébaqréﬂiié%ﬂ@%ﬂ%ﬁ%&%"&%& e sy <o
égiwgg&%wﬁgm B{,ngggd?bles on to which are loaded the substrates,

at least one chuck table located and 30movable on a respective track;
cutting means for singulating the units from the

Therefore, the invention provides a complete system to receive a strip of
integrated circuits at the front end, and deliver sorted singulated units ready for
use, reworking and rejection. The system may be embodied within a unitary
device, or alternatively within a modular construction, with each step connected

through a delivery means.

In a preferred embodiment the dicing step may further include loading the
substrates to a plurality of chuck tables located on tracks, passing the chuck
tables along said tracks passed respective cutting means, singulating units from
the substrates using the cutting means, and maintaining the relative position of
the singulated units within the predetermined spatial arrangement

corresponding to their position within the substrate prior to singulation.

With the commercial success of such systems significantly influenced by the
Units per Hour (UPH) rate, embodiments which assist in the increasing the UPH
have a significant advantage over the prior art. Thus, the system for this
embodiment, the dicing station may include a plurality of chuck tables, and so

be able to accept a plurality of strips.

In a further preferred embodiment the system may have a plurality of tracks,

each supporting at least one chuck table.



10

15

20

25

30

il substrates, and; holding means for maintaining the relative position of
the singulated units within the predetermined spatial arrangement
corresponding to their position within the substrate prior to singulation;
said cutting means including blade cutting having at least one spindle,
upon which at least one 5blade cutter is é cated, associated with each
respective track; a flipper for flipping said substrates whilst maintaining the
predete.rmi.n.ed spatial arrangement; a net block assembly to separate and
|n°80ﬁ8}é:pﬂ<¥fQH@dJQH€b@é1%éh§0é%a ARICAIAY ViRIPBIME PN EMiKy of chuck
separating the singulated units by efficacy. 12'In a preferred embodiment
tableehuck table arrangement may include a plurality of chuck tables on to
\hoiCh are loaded the substrates, cuffing means for singulating the units
rom the substrates, and holding means for Smaintaining the relatjve .
InadHesA SHIgtRRte GRS AP BRIER (R BT SRIRILS (oading
pas&A ?E‘ﬁ@al%ﬁgwﬂ%&@mﬁg pRStan wiskigtealibsatmpdantas to
singulation. In a further preferred embodiment each chuck table may be
MBYENES 6182 RS PERYFE T RSB SIRBYement of the chuck table, and
consequently the substrate, independently from the other chuck tables.
In a more preferred embodiment the chuck %able arrangement ma
ki

Ao I W B S aD e by rogess

independent function from cutting of a substrate on another chuck table.

In a preferred embodiment, the singulated units delivered to the net block

‘assembly are placed upon at least one net block. Alternatively, there may be a

plurality of net blocks.

In a more preferred embodiment, each net block may be located on an
individual track. Alternatively, each track may support and transport a plurality of

net blocks.

In a still further embodiment the step of sorting and categorizing includes
determining whether each singulated unit falls within the category of efficacious,

non-efficacious or whether the singulated unit requires re-working.

In a seventh aspect the invention provides a system for dicing substrates to
produce sorted singulated units, comprising cassettes for loading said
substrates to a rail system, the rail system being in communication with a chuck
table arrangement; said chuck table arrangement adapted to dice the
substrates into singulated units held within a predetermined spatial
arrangement, said chuck table arrangement including a plurality of chuck tables
on to which are loaded the substrates, at least one chuck table located and

movable on a respective track; cutting means for singulating the units from the



En a preferred embodiment at least two chuck tables may be located on
the respective track for movement of the chuck tables, and consequently
the substrate, independently from the other chuck tables. In a more
preferred embodiment, the chuck table arrangement may be adapted to
permit the loading of substrates on the ieast two chuck tables as an
independent function from cutting of substrates on the another, chuck

subiskeatan, antbreqiditerresansiotmainia e thmiciAtR LASIAR AL e
sf@%lﬁ?@ L RSQTHHRAERN SERSEFHiER0s MAIST dRFEeer kiddesponding to

ng. 13 In a further embodiment, the cutting means may include a
trmirramit&srrsw'ﬁhieéh@%b%@%%‘@b%%@d@%ﬁi%%%’i@&%”S
idﬂﬁfcﬁﬁﬁaa"iﬂa@@ 3 R Hisinegrstineastbrsaipmdieausiidiuntiien prefeastdne

embodiment, at least one spindle may be associated with g res ectlve]c
biesiscculier s RERICd BRI oGBS LBRRREH PO ARG 39"
ﬂqs;ﬂ'mﬂ%saiagiﬁ?e%mesﬁm@tmaﬁwtdaﬁﬁgo&respf@duetamqsdibbeam|ura|ity

of blades in a gang blade arrangement. 10 Brief DF?SCI‘I%'[I(?I’] %ﬁ\}u_h&a nits. and:
apRgesent Rdigts @‘F@a‘i‘ﬁ?@é'l%whté’ SRRAMR ANP-r gl Rdidia) ypits, and;
at8eHRkepllSlsBAEMY aRbanetbreigsanstniy the ffiguiatgdigumitsiy efficacy.

which: Fig. 1(a) is a top view of an integrated circuit sawing and

sorting system according to a first embodiment of the invention; Fig.

1(b) is a side view of a part of the embodiment of Fig. 1 looking in the

direction Y shown in Fig. 1; 20Fig. 2, which is composed of Figs. 2(a) to

2(c), shows a loader assembly of the embodiment of Fig. 1,
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Fig. 3 which is composed of Figs. 3(a) to 3(c), shows a inlet rail assembly
of the embodiment of Fig. 1; Fig, 4, which is composed of Figs.
4(a) and 4(b), shows a section of the 25embodiment of Fig. 1 including a
twin chuck table; Fig. 5 is a first view of a cleaner unit of the embodiment
of Fig. 1; Fig. 6 is a second view of the cleaner unit of the embodiment of
Fig, 1;. Fig. 7, which is composed of Figs. 7(a) to 7(c), shows a heating
block assembly of the embodiment of Fig. 1; 14 Fig. 8, which is
composed of Figs. 8(a) to 8(c), shows a flipper unit of the embodiment of
Fig. 1; Fig. 9, which is composed of Figs. 9(a) to 9(c), shows an idle
unit assembly of the embodiment of Fig, 1; 5Fig. 10, which is composed of
Figs. 10(a) to 100), shows a net block assembly of the embodiment of Fig.
Inta prefeifed brvbidIriseeomrRasacR i thigs ddalderdrriows addtar

assembly of the embodiment of Fig. 1; Fig. 12, which ijs composed of Figs.

Phselit Pl SRYCkHBRSS rhiPIBIcoPLSIRBRAdIthe WhiBaiRmer P g gieans
fok singUiginkptiseadis viemahtheurayliftes asaermblyipbfieedss and a

I Kj I ki I
S GEcRe seb SPALIrREL IRy SRR IRy end 2
predetermined spatial arrangement corresponding to their position within the

substrate prior to singulation.
In a further preferred embodiment each chuck table may be located on a
respective track for movement of the chuck table, and consequently the

substrate, independently from the other chuck tables.

In a more preferred embodiment the chuck table arrangement may be

 adapted to permit the loading of a substrate on one chuck table as an

independent function from cutting of a substrate on another chuck table.

In a preferred embodiment at least two chuck tables may be located on the
respective track for movement of the chuck tables, and consequently the

substrate, independently from the other chuck tables.

In a more preferred embodiment, the chuck table arrangement may be
adapted to permit the loading of substrates on the at least two chuck tables as
an independent function from cutting of substrates on the another chuck

fables.

In a more preferred embodiment, the cutting means may include any one or a
combination of laser cutting, water jet cutting or blade cutting.

in a still further preferred embodiment, blade cutting may include the use of at
least one gang bIade located on a single spindle
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Fig. 14, which is composed of Figs. 14(a) and 14(b), shows the normal
tray stacking assembly and abnormal tray stacking assembly of Fig. 13;
and Fig. 15 shows the vacant tray stacking assembly of Fig. 13. Fig 16(a)
is a plan view of a panel of singulated units; Fig 16(b) is an elevation
sectional view of the support device acccir:gmg to another embodiment of
the present invention; 20Fig 16(c) is a detail view of the support device of
Fig 16(b); .Fig 17 is a schematic view of a separating device according to
a further embodiment of the present invention; Fig 18 is a top view of
an integrated circuit sawing and sorting system according to a further
embodiment of the present invention; 25Fig. 19 is a flow chart of the
process according to the embodiment of Figure 18; Fig, 20 is a flow

mr@rﬁwﬂmpmesﬁm@@mm tettifgrihrzembesjmentatthe RiegeNlof spi indle
uck table according to a further

F 21 d f
e A E S TG a°f§fs>étg]rgamasﬁaa@fww of
tembotiaheits.

In a still further preferred embodiment, at least one spindle may be associated
with a respective frack. Alternatively, each track may have associated with it a
plurality of spindles, possessing at least one blade per spindle, or possibly a
plurality of blades in a gang blade arrangement.

Brief Description of The Figures

Preferred features of the invention will now be déscribed, for the sake of
illustration only, with reference to the following figures in which:

Fig. 1(a) is a top view of an integrated circuit sawing and sorting
system according to a first embodiment of the invention;

Fig. 1(b) is a side view of a part of the embodiment of Fig. 1 looking in
the direction Y shown in Fig. 1;

Fig. 2, which is composed of Figs. 2(a) to 2(c), shows a loader
assembly of the embodiment of Fig. 1; '

Fig. 3 which is composed of Figs. 3(a) to 3(c), shows a inlet rail
assembly of the embodiment of Fig. 1:

Fig. 4, which is composed of Figs. 4(a) and 4(b), shows a section of the
embodiment of Fig. 1 including a twin chuck table;

Fig. 5 is a first view of a cleaner unit of the embodiment of Fig. 1:

Fig. 6 is a second view of the cleaner unit of the embodiment of Fig. 1: .

Fig. 7, which is composed of Figs. 7(a) to 7(c), shows a heating block
assembly of the émbodiment of Fig. 1;
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5Figs. 1(a) shows the overall construction of an integrated circuit sawing
and sorting system which is an embodiment of the invention, In Fig. 1(a)
the system is viewed from above. It is composed of two sections, a dicing
section and a sorting section. Two horizontal directions are marked X and
Y. 10The sawing and sorting system is f%sawing and sorting substrates
which include a plurality of integrated circuits. The system is particularly
suitable for integrated circuits each of which is provided with an array of
contacts on a side of the substrate which is initially facing upwards
(however the system may be modified for other sorts of integrated circuits,
as described below). 15 The substrates are inserted into the system from

cassettdg. ksiMgighoisdesrapseeb iyt Figsof ahéddHdpr sxsembliiippbeunit of
tﬁ%béﬁﬁ%t@éiﬁ{&q‘f%rf”ﬁ@,tq an inlet rail assembly 2. At this stage the

substrates are examined'using a first camera 3, mainly to check that the

substrétés GrévBich tppecsinanhs! fof igs iP (e teaiely sinavvorinislisystim.
g@sé%g@sgfip%démgg@ﬂqgﬁlpw, F%e gubstrates pass to a twin chuck table

4, from which they are carried into a dicing machine indicated generally as

Z. Thid Heing W 2aRRE MY RctB@INg thithosouesrne! Sk
Sunetderdessiinsghers iy dgall- 25 The diced substrates pass via a

brush unit 5 where the singulated units are brushed, and a cleaner unit 6,

to a hddfind bis¥NesderRIRPPSErbR fHare, thautnd pids s avhmbftenit

Fsauhenes asiAessripRAiimesiaif priow, the units are turned over so that
each ball grid array faces downwards. The singulated 16 units are then

receivedShy AnHINET i CREBBRA O TiRiGdi( @) dechRtFbarnenss a tray lifter

Ssdesabiyestithdaroginaed oMty pass to a net block assembly 10. Fig.

1(b) t tions 2 t f this system from the directi ked 5
A Pk B RATRC T B8 | AR RORARG o, APAA AT

tiaplutaakingwe diffesgntaposiiensnahichyitucciesseds atopterdusina dagt tray
JsO SRS |

Fig; 14, which is composed of Figs. 14(a) and 14(b), shows the normal
tray stacking assembly and abnormal tray stacking assembly of Fig. 13; and

Fig. 15 shows the vacant tray stacking assembly of Fig. 13.

Fig 16(a) is a plan view of a panel of singulated units;

Fig 16(b) is an elevation sectional view of the support device according'
to another embodiment of the present invention;

Fig 16(c) is a detail view of the support device of Fig 16(b);

Fig 17 is a schematic view of a separating device according to a further

embodiment of the present invention;

Fig 18 is a top view of an integrated circuit sawing and sorting system
according to a further embodiment of the present invention:

Fig. 19 is a flow chart of the process according to the embodiment .of
Figure 18;

Fig. 20 is a flow chart of a process according to a further embodiment
of the present invention;

Fig. 21 is a detailed view of a chuck table according to a further
embodiment of the present invention.
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The singulated units are picked up from the net block assembly 10 by a
lifter 10assembly 11A. They are then inspected by a ball vision inspection
camera assembly 11B which examines them from beneath. A computer
system uses the data obtained at this step to make a determination of the
quality of the units, and accordingly contggls the lifter assembly 11A to
place them into one of two trays 12d, .12e. A vacant tray is kept at
position 12c. Once filled, the 15trays 12d, 12e are moved (in the direction
which is downwards in Fig. 1(a)) respectively into a normal unit tray
stacking assembly 13 and an abnormal unit tray stacking assembly 14. A
tray lifter assembly 12 moves a vacant tray from position 12c to replace
whichever of trays 12d, 12e has been removed. A new vacant tray is

"moved to position 12c¢ from a vacant tray stacking 20 assembly 15. We

dis LSS the,{vanm% sectlo sgof th%tgmbodlment in detail. The loader
SHToty 11 23, op view, in Fig. 2(b) in side 25view in
the direction Yin Fig. 1(a) and in Fig. 2(c) in side view in the direction X in

%ga.aﬁggﬂ%\k?saﬁw d 892t é}S%sWﬁLL{P&F& QY O%ﬂ?éf% g%‘ﬁt sabwmf and

Slain‘aregion I an upper stage Ic assem
Jowicg ssetermabatineseaembodizmiard olithisengestiukel ﬁj@sﬁr@tbéhe

gya%cgg%e Gl éa%?@e%b fRaners V&%@@&@W&%ﬁ&b@&%ﬁdd%ﬁm@g&mn

S|gn In view o0 e uses are to be made of thé singulated
and a sorting section. Two horizontal directions are marked X and Y.

The sawing and sorting system is for sawing and sorting substrates which
include a plurality of integrated circuits. The system is particularly suitable for
integrated circuits each of which is provided with an array of contacts on a
side .of the substrate which is initially facing upwards (however the system
may be madified for other sorts of integrated circuits, as described below).
The substrates are inserted into the system from cassettes using a loader
assembly 1 From the loader assembly 1 the substrates are carried to an inlet
rail assembly 2. At this stage the substrates are examined using a first
camera 3, mainly to check that the substrates are of a type suitable for use in

the sawing and sorting system.

As described in detail below, the substrates pass to a twin chuck table 4, from
which they are carried into a dicing machine indicated generally as Z. This
dicing machine Z can be formed according to known designs, and so will not
be described here in detall.

The diced substrates pass via a brush unit 5 where the singulated units are
brushed, and a cleaner unit 8, to a heating block assembly 7. From there, the
units pass to a flipper unit 8, where, as described in detail below, the units are
turned over so that each ball grid array faces downwards. The singulated
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17 integrated circuits; there may be 2, 3, 4 or 5 panels in a single
substrate). At least one cassette magazine la is fed at a time to the loader
assembly 1. Once each magazine la has been loaded, it is carried (in the
direction towards the right in Fig. 2(c)) towards a magazine gripper Ih, li by
a wide rubber belt is driven by rollers If a motor Ig. The magazine
gripper 1 h, ii is composed of a lower gripper ii and an upper gripper Ih.
The magazine gripper 1 h, ii is installed on an up/down linear rail |j via a
gripper block 1L. As soon as the cassette magazine la has been
transferred to the magazine 10 gripper Ih, li, the lower gripper li is
activated by a cylinder Ik to push the magazine upward. This positions the

UrHissare naig derrivadimnIgbisiRderttre SemE Y Hp s Hisase spper
GiRpel. BdpdduBragpaine aHgortdy Uniﬁ@ﬁaégw%ﬂ@clenﬂzws%e/%\mo.

linear rail 1j, 15until one of the substrates is in register with a substrate
slot Im. The substrate is pushed into the substrate slot Im by a pusher in.

Flemaoaznesarienssiiiodd s ihao opvad dng fDRTHRE ¢fitb&ion marked

substrates in the cassefte magazine la into register with the substrate slot

A fignid Gy dTpiRe SlissFaRainRnindicisthadnsanmtiangdy and Axis
sseue Mialhoteafsienegdeitbasiahbn. 8 (2bssdhe sUkssisie doadngHs use of

complete, the empty magazine la is shifted downward, and the magazine
t@ﬁﬁ&éﬁt%‘?ﬁ releases it from the up/down linear rail 1j. The empty
magazines are placed onto a lower stage lo of the region id of the loader

e e T U R S Sk T e
sB{®gnigide e teoking ih¢neinkrentien dppaditlitoizion Fgpdtdpribemera
a}%ﬁ%ﬁ&i}%ﬂ]ﬁg sbt%%%]trﬁa{ egghcﬁgilﬂq rrc])trlwl'xltblesrpeoastlﬁp /Qecgoﬁ%ptn%l[%”}?sr’cé% uses
the data obtained at this step to make a determination of the quality of the
units, and accofdingly controls the lifter assembly 11A {o place them into one
of two frays 12d,12e. A vacant tray is kept at position 12¢. Once filled, the
trays 12d, 12e are moved (in the direction which is downwards in Fig. 1(a))
respectively into a normal unit tray stacking assembly 13 and an abnormal
unit tray stacking assembly 14. A tray lifter assembly 12 moves a vacant tray
from position 12c¢ to replace whichever of trays 12d, 12e has been removed. A
new vacant tray is moved to position 12¢ from a vacant tray stacking

assembly 15.
We now discuss the various sections of the embodiment in detail.

The loader assembly 1 is shown in Fig. 2(a) in top view, in Fig. 2(b) in side
view in the direction Y in Fig. 1(a), and in Fig. 2(c) in side view in the direction.
X in Fig. 1(a). The loader assembly 1 includes a number of cassette
magazines 1a in a region 1d of an upper stage 1c of the load assembly 1. The
cassette magazines each contain a number of stacked substrates, each
including a number of panels 1b (typically each panel is identical, and is
designed in view of the uses which are to be made of the singulated
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30Ib is inspected by the first camera 3. The image taken by the first
camera 3 is 18 analysed by a computer system, to establish that the
substrate is the correct package type, to check its alignment and its
orientation. If it is detected that the substrate is the wrong type for
example, the progression is automatically-stopped, then the substrate can
be removed from the system (e.g. manually). 5 After the visual inspection
by the first camera 3, the roller 2a is rotated to move the substrate onto a
rail supporter 2f until it reaches a stopper 2b The rail supporter is has a
generally rectangular upper surface, and at this time the long axis of the
upper surface is in the horizontal direction on Fig. 13(a). 10 During this

infpecatad GIECSHaCNG S RaYMEt+alls 2CIsaRghelpUBIRSISknBMBitHoN Al
le@Rd el 2esQneerasitbatiate {whieh intRigiméals b oy including iaun

panels Ib) is located over the rail supporter 2f, the rail supporter 2f, which

ORamreGWIPEAZIBRIdR M AT RoRRdepSgtik theatind et m dipsriier,

v efslHiBeigerizorig! leus) ehinedrlel FralgaThRNBBRIOTROI Y kAR e
belt 21 rotate the rail supporter 21, and therebl rotate the substrate_s Ib.

rupherhigtiotFid BTG 68l5F2 70303 ACRBHtARpIARE, hrsREPEhatiRRe 1N,

1 Bigbsdiatessiputehnewerrgatyatignaaavih thebyiahvek tablerHdiseussethe
helow. hiiérotation means that t?
e

substrates cgn initially have their lon
GHRRE e X GBSHRN P00 PP SNy P APl i Yhe ERRRSR Bl -
the Y direction, in which the dicing machine Z is arranged to receive them.
Once the sybstrate is,rotated by the frame supporter 2f, the supstrate is .
ARESRPIORS 18 HANRS Loy DOHER S by o el SRS GIEN (YO aIagazine
glifberer 1h, 1i, the lower gripper 1i is activated by a cylinder 1k to push the

‘magazine upward. This positions the cassette magazine 1a firmly between

the lower gripper 1a and the upper gripper 1h.

The magazine gripper 1h, 1j is then lowered along the up/down linear rail 1j,
until one of the substrates is in register with a substrate slot 1m. The substrate
is pushed into the substrate slot 1m by a pusher 1n. The magazine gripper 1h,
1j is then moved to bring another of the substrates in the cassetie magazine
1a into register with the substrate slot 1m. In this way, all the substrates in the

casseite magazine 1a are sequentially tfransferred to the slot 1m.

"~ Once the substrate loading is complete, the empty magazine ta is shifted

downward, and the magazine gripper 1h, 1i releases it from the up/down
linear rail 1j. The empty magazines are placed onto a lower stage 1o of the
region 1d of the loader assembly 1.

The inlet rail assembly 2 is shown in Fig. 3(a) in top view, in Fig. 3(b) in side
view looking in the direction Y in Fig. 1(a), and in Fig. 3(c) in side view looking
in the direction opposite to X in Fig. 1(a). The substrate is pushed by the
pusher 1n until it is positioned at the roller 2a. At this location, the substrate

1b is inspected by the first camera 3. The image taken by the first camera 3 is
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25assembly has two portions labelled (in Fig. 1(b)) respectively as Ay and
Ax, which are independently movable in a vertical direction, and
horizontally movable together On the left-right direction as viewed in Fig.
1(b)) by a servomotor At. The portion Ay includes a frame lifting member
Ab, for lifting the substrate supported onfge frame supporter 2f, and the
portion Ax includes a 30net lifter member Aa, which is explained below.
The frame lifting member Ab 19 is connected via a conduit Al to a
vacuum source for generating a force for retaining the substrate against
the frame lifter member Ab. Typically, the frame lifting member Ab
includes a number of apertures on its facie@fﬁ?ﬁmmunicatin% with the conduit

P NESHEN FeRMRNEh HRIHolHT HRBS MRS TR SR RS s dignrorTect

M@Qé&ﬂ?@iy@%é&- iapaligameaativel e ssiuetigithe HReues ®ed that
deactivated (e.g, because it is ?o longer in cgmmunication with th

B RS el VR ARG T RORIPID s RIRRERFTIPA - dapeaiisaly

roppéie framend @suppatiera, teerdraoessupportere2éystarmg dagisnanually).
pervious orientation and height, so that it can receive a new substrate.
The operation of lining and rotating is then performed for the new

/Slibstraseviding fraypedifter g shenbiyttcemstars 3héheuhdicat@dasartrates to A
loadi osition af 15 the twin chuck table.4. The twin chuck table 4 i
TR NE SO CRio o) SURRa B 2o R e foed STen2p e
reigsdifajottds iarteasge ditndebapablerguatatipp ereuria cey enid a tetkis, time the
and includes two | (oF: ctior | i e
SRR oA o)

the substrate at a time into the section 4a on 20the left side as shown in

R e Bl e A e

mhitomaehdadshad 2ad Ancear s Haveaifofudtionsnamd Ax(al ihsihewadnrikding
BNEHRE SO BFRONAIBLARSIBF BSAEY 40 HS %U%t?gipsﬁp@@f%?ﬁf,_ which

ensuring correct positioning. The twin chuck table 4 is arranged to

isdinjerarstivan MG AECHEAT 2Rnbritr SeRstiaen Hraprrsds, out of
FRSABHS ocRiNg & 0iFin g eachiRURTER 1048 et ipiaSingatriaskUYiSotate

7a. Following the dicing the chuck table rotates 1800 about its central

ertiadl sxpp3B2sAh BARGNAES SN GRRtedNMRYLRIRIPbdiRon ¢ fibdiPMe

129%?_& He%%i ?T‘S%W iR Bigfikoprinpiane BRIk eRsy RikdRY e sactinbuld
be’correctly aligned with the twin chuck table discussed below. This rotation
means that the substrates can initially have their long axis in the X direction,
but are rotated so that their long axis extends in the Y direction, in which the

dicing machine Z is arranged to receive them.

Once the substrate is rotated by the frame supporter 2f, the substrate is lifted
from the frame supporter 2f by a frame lifter assembly. The frame lifter
assembly has two portions labelled (in Fig. 1(b)) respectively as Ay and Ax,
which are independently movable in a vertical direction, and horizontally'
movable together (in the left-right direction as viewed in Fig. 1(b)) by a servo-
motor Af. The pdrtion Ay includes a frame lifting member Ab, for Hftingvthe
substrate supported on the frame supporter 2f, and the portion Ax includes a

net lifter member Aa, which is explained below. The frame lifting member Ab



10

15

20

25

20 4b moves simultaneously into the position formerly occupied by the
section 4a. Simultaneously with the operation in which the frame lifter
member Ab 6 deposits a new substrate into the section 4a, the net lifter
member Aa is lowered to contact the singulated units 7a of a previously
diced substrate Ib. The net lifter memberyga contains apertures in its lower
surface which are in communication with a vacuum source via a conduit
Ah, so that the net lifter member Aa retains the singulated units 7a. The
suction on the singulated 10units from the apertures in the chuck table is
turned off. The frame lifter assembly then moves away from the twin
chuck table 4, so that the twin chuck table 4 can cooperate with the dicing
isnemhhesieddite thecsubstraiddewhichumsusceden depesitint THoggaHer

) . . : . ; )
e R R AEnE A8 e e
ferdeHigtiegrioeanbeoAdwritidraQalttabp belansicede T onsiisHace

SR TRAIND SRREIRRS QRSP AR OIS 85y

possible was n loading and unloading a chuc ‘he net litt

antsTpireaaiteliies iegvaaieduaryre 6 amivalied (imt Snwlies Repetivas

dhen py ?o”d’w@’ﬁ%’?gg@ﬁ- dngeaRtAeLMegb el e RS TiiGer in

singulated units eaner unit 6, shown in Fig. 5 in a view looking in
apEEiNEsieY, Wil IeErRP@ THI&View looking in the direction opposite to
X. The net lifter member As lowers until the units enter a cleaning zone
ea. The projections 4n enter respective apertures at the top of the

Rl v SRR MaRRRIsHL AFrRieksthdleetish gtk taakes frame
difibbrigraisafdyrapumBisordintersin aasl geigerprrls 68eHldh and

touches the lower surface of the singulated.units 7a. A vacuum source is

NsigMeINFhiHTRANET PGB R HRMAURRH e rtire CRPIREUDREFKINgRR

retdaadrame-suppedenth 3orespeciivelidstragister with the singulated
units 7a, so as to retain the

The frame lifter assembly transfers the substrate to a frame loading position of

. the twin chuck table 4. The twin chuck table 4 is shown in fop view in Fig.

4(a), and in Fig. 4(b) looking in the direction Y of Fig. 1(a). It is arranged fo be

capable of rotation around a vettical axis, and includes two identical sections

4a, 4b, which are interchanged by the rotation. The frame lifter member Ab of

the frame lifter assembly places the substrate at a time into the section 4a on
the left side as shown in Fig. 4. There the substrate is retained by suction
using apertures in the chuck table which can be put into communication with a
vacuum source. The members Aa and Ab each have projections Am, An at
their ends, for entering corresponding apertures 4m, 4n on the chuck table 4, .
thereby ensuring correct positioning. The twin chuck table 4 is arranged to
co-operate with a dicing machine of a known design, which dices the

cassette. During the dicing, each substrate 1b is cut into singulated units 7a.
Following the dicing the chuck table rotates 180° about its central vertical axis
so as to bring the singulated units 7a to position of the on the right side as

shown in Fig. 4 (i.e. the one formerly occupied by the section 4b). The section
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21 singuiated units 7a on the frame supporter 6b. The pneumatic function
of the net lifter member As is turned off. The frame supporters 6b then
moves down, and water and air jets 6f are initiated to remove dust and
debris from the surface of the sing ulated units 7a which is facing
upwardly (recall that this is the surface haying the ball contacts). After the
surfaces of the singulated units 7a carrying the balls have been 10
cleaned, the water and/or air jets 6f are deactivated. The frame supporter
6b moves upward again, until the singulated units 7a are again against the
net lifter member Aa. The vacuum source is again initiated using the
conduit Ah, and the vacuum s urce of theL}rame upporter %hg
reRsPiREC A RS B Voo B DR RS D APS GRS B RE S BRtIon
4he lower surface of the net 15 lifter member Aa. The water and air jets 6f
are activated again, and clean the other surface of the singuiated units 7a
(i.e. the side away from the ball grid array). After the cleaning, the net
@fﬁmtm%@bgry%tmmemngmm whilsh7éharich 2 ritse mtraivetothe

BBt s LS OR el eaino gy ST e
I@W@ﬁeﬁbﬁlonn/kdnﬁﬁh&ewegumwmmm@ﬁra Emv?@h)slamhhm substrate 1b.

S DR R S T
coojectinitsafionenityiay 25aper specadyiscticandhistsiiy Wattivht s Tatdifeer
B g T g B T B o Block patec
sndudmﬂnmrhh@rmlemmaﬂ i e ddattiviable s’ lsTﬁﬁﬁiiémﬁé!féer
SR0AMLRPDAYISES M ROHMAR RANER RROBIESHS B HORRE twin
chuck table 4 can cooperate with the dicing machine to dice the substrate 1b
which has just been deposited. Thus, the time during which the twin chuck
table cooperates with the frame lifter assembly is efficiently used, both for the -
deposition of a new substrate and the removal of one which has already been
diced. Thus, the throughput of the dicing machine is optimised, with as little
time as possible wasted in loading and unloading a chuck table.

The net lifter member Aa lifts the singulated units 7a to the brush unit 5 which
cleans them by a rubbing motion. The net lifter member Aa then moves the
singulated units 7a to a cleaner unit 8, shown in Fig. 5 in a view looking in the
direction Y, and in Fig. 6 in a view looking in the direction opposite to X. The
net lifter rﬁemberh Aa lowers until the units enter a cleaning zone 6a. The

projections 4n enter respective apertures at the top of the cleaning unit 6.

Simultaneously, a frame supporter 6b inside the cleaner unit 6 is raised by
pneumatic cylinders 6¢ and guide posts 6d, until it touches the lower surface
of the singulated units 7a. A vacuum source is put info communication via a
conduit with apertures in the upper surface of the frame supporter 6b

respectively in register with the singulated units 7a, so as fo retain the
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register with the singulated units 7a, so as to hold the singulated units 7a
on the heating block 7c. At this point the frame lifter assembly is not
carrying either substrates or 5singulated units), and the frame lifter
assembly returns to its position over the inlet rail assembly 2. The time
taken by dicing machine to dice the subsirlates Ib is preferably at least as
great as the time taken by the frame liftei assembly to perform the set of
actions: (i) moving from the twin chuck table 4 to the heating block
assembly 7, (ii) returning to the inlet rail assembly, and 10(iii) picking up a
new substrate(s) Ib (i.e. all portions of the operation of the lifter assembly
i wRigh. it i ' 4 Vi this is trug, the
O an B a J naP ot Tt B iy i e
naklieddnengaistaniblyme@ ot interact with the other units. 15 Any
drops of water on the singulated units 7a are evaporated by heat
enerated by a cartridge heater 7a of the heating block assembly 7. The
@%t@ﬁm@rm&ﬁﬁéﬁaﬁe PRI MR S SKaMib IR TR diedes digd mir ddlis 67 are
g ) . . righLin Fig. 1(k) ' . :
Ao htice e s o501 LMY BRP e 7
VWAYSE Bofrcing R e ¥k b aldhisdrdbr & wifase Singinatse dratk 7a,
cangAbg Nozzle Ad blows air at the singulated units 7a to dry the units,
especially at the top. The idle lifter assembly Az includes an idle lifter Ac
which can be raised and 26 lowered, and which includes apertures on its

Atteetiseidack bes@Nthe HealiatsdtiQiaTH WaBEHE Y & AIISONSE Adan
The idle lifter Ac is low, red.oyer$§ singuiated units 7a, and the vacuum
CLBES alt AL AP dFIGUIS AP SIRRHNEIEthin08 e RlapTter 6b

nsoviesepithedidigdiften Al tTbsiceilHietAmistirensraisehimayathst the net
AR AT ST A0k e don s rereeni
and the vacuum source of the frame supporter 6b is disconnected. At this
point the singulated units 7a are again retained on the lower surface of the net
lifter member Aa. The water and air jets 6f are activated again, and clean the
other surface of the singulated units 7a (i.e. the side away from the ball grid

array).

After the cleaning, the net lifting member Aa lifts the singulated units 7a and
moves them to the upper surface of a heating block 7¢ of the heating block
assembly 7. The heating block assembly 7 is shown in top view in Fig. 7(a), in
cross-section when viewed from direction A in Fig. 7(b), and in cross-section
when viewed in direction B in Fig. 7(c). At this moment, the net lifting member
Aa and the heaﬁng block 7c are aligned by the projections An entering
apertures 7d, so that the singulated units 7a are properly positioned in .
predetermined positions on the heating block 7c.

Once the singulated units 7a are in contact with the heating block 7¢, the
suction from the conduit Ah is deactivated, and suction is applied via a conduit
7b which is in communication with apertures in the upper surface 7¢ in
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unit 8 is shown in top view in Fig. 8(a), and in Fig. 8(b) looking in the
direction X. A portion of the flipper unit is shown in Fig. 8(c) looking in the
direction Y. The flipper block 8a is a body having two opposed flat
surfaces, each containing apertures in communication with a vacuum
source via a conduit 58b. Once the singLﬁted units 7a are placed on the
upper surface of the flipper bock 8a, the vacuum source of the idle lifter Ac
is deactivated, and the vacuum source of the flipper unit 8 activated so
that the singulated units 7a become attached to the upper surface of the
flipper block 8a. 10While this attachment continues, the flipper block 8a is

rotated about a horizontal axis Be through its centre (into the page in Figs.
RS QM SR AT RIS (7R8 RpErBIS 82 R RS HERy 7 on

tasedapyeanbslowfaces downward. The rotation of the flipper block 8a is
performed by a servo motor Sc, which is linked to the flipper block by a
rubber belt 8d. Note that the 15ball grid arrays, which until this time have

/@E%h _ T@%{“@ ffmieaid% m%WrLaseei@wlg.;gg@Fm@w v ﬁ@i@mﬁéﬂ@%%g@séé(g)

the | OCK.assem own,) 1g. 9. HI a |satop View, Fig.

DR TOGHRT oot TaTHe Idanck Sasthen (6\ks Baslia over the

ildekirejl iasthentite &iohine. fite idiedpl ok disBembbodiinshidarantidleetiates
lo eath the flipper block 8a. After,the fli block 8a has been

R e oS R e B S PR s

aaswuphnti teringuixestd nifsticmtérnitsvag fartathppeirsorase table 4 -
iS_i y.an Jifting mechanism including 25 up/down

e e L T SR, il ane

@Epplielingctnamnencatios vt @) cttutes. inlthe digper sitfecepaftiteidlsf the
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ifoilered aaife Srersedl RPBIETI0D0E dheaticing Mhaskit & dsinontaljuged by

e fefisriabtsisesianarniss iy @x&f@&%&%@@@&%&%@ﬂ%ﬁ%&.

along a horizontal rail 9c. This is'done until the i ck 9a1s no longer
beneath the flipper block 8a. The idle block 9a passes beneath a second

ARNEFSAGURRE N O ISH IR nits 72 are evaporated by heat

‘generated by a cgrtridge heater 7a of the heating block assembly 7. The

system further includes an idle lifter assembly (indicated generally as Az in
Fig. 1(b)) which is reciprocated (left-right in Fig. 1(b)) by a servo-motor Ag.
This idle lifter assembly includes a nozzle Ad. The idle lifter assembly Az is
moved so that the nozzle Ad is directed at the singulated units 7a, and the
nozzle Ad blows air at the singulated units 7a to dry the units, especially at the
top.

The idle lifter assembly Az includes an idle lifter Ac which can be raised and
lowered, and which includes apertures on its lower surface in communication
with a vacuum source via a conduit AL. The idle lifter Ac is lowered over the
singulated units 7a, and the vacuum source activated so that the singulated
units are retained on the lower surface of the idle lifter Ac. The idle lifter Ac is
then raised, moved horizontally (to the right in Fig. 1(b)), and then lowered
onto a horizontal surface of a flipper block 8a of the flipper unit 8. The flipper
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5 camera Ae, a computer system analyses the marking status and
condition of the singulated units 7a (note that it is seeing the surface of the
singulatect units 7a opposite the ball grid array), and identifies any units
having an abnormal marking status or condition. This data is stored by the
computer system for later use (as descriggd below). 10 The idle block 9a
is then raised ,until its upper surface is approximately at the same height
as the upper surface of the flipper unit 8a, so that (as described below) the
singulated units 7a can conveniently be picked up again by the idle lifter
assembly Az. The idle lifter Ac is lowered over the singulated units, and 15
its, v%c;uu source AL g aln tlvaé tor igrfun the sin ulated units 7a.

YL VAT GVEb i aRVIRY B dbabiR Rk dRsiEpction
Ac s ﬁmcmsedﬂmenﬁqa@mmn@unammunluslgaazayqdbﬁw@mwrdﬂ@%t%n Y.

b Kk bly 10. 20F h h t
S R R BT B e el TRtm R P
lbalsho:gvspibﬁmetshlmcbmsambat tookitty vhf@@mns‘éuﬁg VEQ(8)dsrad uit

ew of a net bI e net b ock asse d)
R R R R TR AR B e oot Todu he Tper
berioted 185 FWguLdie)dsme eﬁt&rgaﬂi&dﬁ&ieﬁm&ﬁpeﬂtmm‘d: lgnd@!(@

e e B AR B S R L B o Tt 7

hanosily atiecvedst ibetivabeianesaBig of t® Hiyvrespundk BaFig. 10(g),
and illustrates the 25 As shown in Figs 10(a) and 10(b), the net block 10a

of the net block assembly
While this attachment continues, the flipper block 8a is rotated about a

horizontal axis 8e through its centre (into the page in Figs. 1(b) and 8(c)) so
that the surface of the flipper block 8a which formerly faced upward, now
faces downward. The rotation of the flipper block 8a is performed by a servo
moftor 8c, which is linked to the flipper block by a rubber belt 8d. Note that the
ball grid arrays, which until this time have been facing upwards, now féce
down.

The next section of the system is the idle block assembly 9 shown in Fig. ©.
Fig. 9(a) is'a top view, Fig. 9(b) is a view looking opposite to the direction X,

and Fig. 9(c) is a.view looking in the direction Y. The idle block assembly 9

includes an idle block 9a located beneath the flipper block 8a. After the flipper
block 8a has been rotated such that the singulated units 7a face down, the
idle block 9a is raised, until the singulated units 7a contact its horizontal upper
surface. This is performed by an idle block lifting mechanism including
up/down cylinders 9d and up/down guide posts Se. A vacuum source is then
applied in communication with apertures in the upper surface of the idle block
94, to retain the singulated units 7a on the idle block. The vacuum source of

the flipper unit 8 is then deactivated. The idle block 9a is then lowered again.
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10 is supported on a rectangular plate 10j mounted at the top of a vertical
shaft 10m. The shaft 10m can be reciprocated (in the left-right direction in
Fig. 5 10b) by a servo-motor 10b. The shaft 10m can be rotated by a
servo motor 10L via a rubber belt 10k. As shown in Fig. 10(e), the top
surface of the net block 10a has a numbgg of pockets 10d corresponding
to the number of singulated units. The pockets 101Dd are arranged in
groups 10c corresponding in number and arrangement to the singulated
units 7a obtained from a single one of the substrates Ib. Al! of the
singulated units 7a from one of the substrates Ib are placed into the

espectiy ets 10d of pne of these groups 10¢. 15 The pockets 10d
e WA AR i 268, T 1TSS ALAUA NG dncier: FRBLAAGHEsROn
Fage ﬂ@g})eﬂ/la/ﬁgr?n_dh@gﬁbewme. rc?zglr_ﬁw thhbﬁgtéJmKé?ﬂeall&&fd%&. This is
xten arallel (in the horizontal direction as shown in Fi . e
R 7 L LR i % B AR e PR lGleAiante idle
Hogvgucheextendsheantgihel amioaristelis #rd Bjdn thinget dladeldaedsy the
shown 20 in Fig. 10(1). An advantage of this forming the pockets in thjs.
P TA G IPE o BCT REGIos Races TR ARG 512 gaation o
tearfacguid the nettblbek 1o imbbihiraesirydoasactars)ishbatifouiedod
t ne for grinding. 25Each of the
L S A 0, S B R Y s e
dhtocoahmaiksitipataits avacoditiosourbés datthis stusan tyetistngatamaer
1 ' i j t 10d. The connection between

Sﬁzl%{%@r}ﬁ;|{§t§g%£§ﬁﬁa§%%%ﬂ%%egggrc is via a channel in the shaft 101

and a conduit 10n. After one of the units 7a is placed into the pocket 10d,

N VeI I b ani {

e T e ot Tha L et AT A AR a Y & the
SABKhBalHiHe trtuRpBécotiassprd ferylmRpledifirrespiettamderaribed
sk kPR Shakistdhensils #aseihalionmeatniyienieduses e Sk e idle
failure of pickup later. Note that this self-alignment property would be

Ifissrapeoarly therel Werk isdiftpphgisilPweredevanienshavintad Hipgarand
it R IRIBMUB e 2ND/R5 Hi et retain the singulated units 7a. The

vacuum source of the idie block 9a is then deactivated. The idle lifter Ac is

~ then used to move the singulated units 7a onto the upper surface of a net

block 10a of a net block assembly 10.

Fig. 10(a) shows the net block assembly 10 looking in the direction opposite

o direction X, Fig. 10(b) shows the net block assembly looking in direction Y.

Fig. 10(c) is a top view of a net block 10a of the net block assembly 10. Fig.
10(d) shows how the net black assembly 10 would appear if the net block 10a

were removed.

Fig. 10(e) is an enlarged top view of a portion of Fig. 10(c). Fig. 10(f) is an
enlarged view of & portion of Fig. 10(e). Figs. 10(g) and 10(h) show two
cross-sections through the net block 10a in respective mutually transverse
vertical planes. Fig. 10(i) corresponds to Fig. 10(g), and iliustrates the
operation of the net block 10a.
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units did not have a ball-grid array. Once properly in the pockets, the
singulated units 7a are moved in the direction Y toward the lifter assembly
11A at the rear portion of the system 10(i.e. the top of Fig. 1(a)) by a servo
motor 10b which drives the net block 10a. During this time, motor 101_is
used to rotate shaft 10m. The lifter assembly is shown in top view in Fig.
11(a), in Fig. 11(b) looking in the direction opposite to X, and in Fig. 11(c)
looking in the direction Y. The 15lifter assembly 11A includes a number
(e.g. at least three) of unit lifter assemblies 11a, each of which is moved
horizontally (left-right in Fig. 1(a)) by a respective linear series actuator
I'lc. Each unit lifter assembly lla includes a number (e.g. at least four) of -

- sets of individual unit lifters 11b. Each individual unit lifter lIb is actuated

Asp stmolgrowirnFiysat msp@ma(/je (ir)]ﬁﬂjyimﬁhé@ firear roatef ﬁﬂedﬁi@bﬁﬁ’c&h@ssembly
rvo motor,1Qb has maved the net block 10a to, the rear of the system,

R T ArE R e g G tcr TS Ao o
glegittedrtin The dinattioony paithenedptbeatzws(iof siodefatashtiaiie déon in Fig.
individual unit lifter. fib-lifts a respective ong of the singulated units
L e TR e RIE G e B

68 abieve ratbadinksibbrd kspection camera lie, There may be any number of
camera(s) lie, and, like the net block 10a, each of the cameras lie can be

moved in the Y direction. In Fig. 11(a) there is just a single camera lie,
Ashidrow s iiowig il tHede thedsiblsyrtaitons thgatetibpeit 122 methe Mumber of
A o o the a
R D P A Bc e, i pocts
'@égiﬁ]@gr(ﬁﬂ%%ﬁdéiﬁﬂw{éﬂam@ tovES UTNHNgdmB L e Nbardnag eimeent to

tRB!HHG AEBY Bnits 7a obtained from a single one of the substrates 1b. All of
the singulated units 7a from one of the substrates 1b are placed into the
respective pockets 10d of one of these groups 10c. .'

The pockets 10d are defined by ridges 10e, 10f, here referred to as “anvils".
The anvils 10e are formed by grinding the upper surface of the net block 1043,
and all extend in parallel (in the horizontal direction as shown in Fig. 10(f).
The anvils 10f are formed by the upper curved portions of laminar elements
10g which extend through laminar slots in 10j in the net block 10a, as shown .
in Fig. 10(h). An advantage of this forming the pockets in this way (i.e. rather
than providing integral ridges 10e extending over the surface of the net block
10a in both transverse directions) is that it means that the upper net block 10a
can be formed by grinding.

Each of the pockets 10d is in register with a respective conduit 10i which can
be put into communication with a vacuum source, so that one of the .
singulated elements 7a can be retained in the pocket 10d. The connection
between the conduits 10i and the vacuum source is via a channel in tﬁe shaft
10j and a conduit 10n. After one of the units 7a is placed into the pocket 10d,
the negative pressure in the pocket 10d sucks the unit 7a towards the bottom
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facing downwards. The 2-D images captured by the camera(s) 11 e are
input to a computer system for inspecting the status, condition, features
and patterns of the balls, For example, if any of the balls have become
detached from an integrated circuit, this can be determined
straightforwardly. Optionally, 10this may jnclude determining sophisticated
parameters of the units, such as their offset relative to a preferred
position, their co-planarity and their warpage. Based on this determination
(and the results from the earlier quality 15determination based on the
output of the camera Ae) a determination is made for each of the units

individual her to move the unit.is normal or, abngrmal. According to .
R N A SR B mastghane une
sl deecthraes pesparnyiaiposit ovittheespenhtw thietnagyt Bdadr thetiBhat is, there
;abnqrmal Lo 4 rmal unit tray. 12d or an.abnprmal
o v el WA R SRS S AR R nore
tiridhisusedina igcwidm iQes iioviee pldee wfahd esmovkthinay wEhisno flipping
iperormed by Adra It JFig, 1 isSat iew.qf the. tra
llif'ger assembly 12, )élgquﬁ(ie; ?@E %Ir;cv%t g?é?ﬁse é@%gé; ft§|8 g@%‘rﬁh? ﬂxglyia‘ced
UpbriAifinehdaveaibabgrmhary. 12(c) is a view of the tray lifter

assembly 12 looking in the direction Y. While the normal unit tray 12d

and abnormal unit tray 12e are being filled, these trays are located at

osriBrRPABNdatirdar diiseltr se Uiniednaiisterveymvezbialks
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The conveyor 12b carries a tray lifter unit 12a which in turn is capablé o
qiﬁ'rni‘j‘%’i%&/?f Fig. 1(a)) by a sérvo motor 10b which drives the net block 10a.

During this time, motor 10L is used to rotate shaft 10m.

The lifter assembly is shown in top view in Fig. 11(a), in Fig. 11(b) looking in
the direction opposite to X, and in Fig. 11(c) looking in the direction Y. The
lifter assembly 11A includes a number (e.g. at least three) of unit lifter
assemblies 11a, each of which is moved horizontally(leﬁ'-right in Fig. 1(a)) by
a respective ﬁneér series actuator 11¢. Each unit lifter assembly 11a includes
a number (e.g. at least four) of sets of individual unit lifters 11b. Each
individual unit lifter 11b is actuated up and down by a respective individual
linear motor 11d. Once the servo motor 10b has moved the net block 10a to
the rear of the system, rotation of the net block 10a brings each of the lifter
assemblies 11a into register (in the direction Y) with one of the rows of
singulated units 7a. Each individual unit lifter 11b lifts a respective one of the -
singulated units 7a, and moves the lifted unit in the direction indicated by the

arrow 11f fo be above a ball vision inspection camera 11e.

There may be any number of camera(s) 11e, and, like the net block 10a, each
of the cameras 11e can be moved in the Y direction. In Fig. 11(a) there is just

a single camera 11e, which is shown in three possible positions spaced apart
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The structure of the mechanism for removing the full normal trays is
shown in 5Fig. 13 in top view and Fig. 14(a) in a view looking in the
direction X. The normal unit tray 12d and abnormal unit tray 12e are
located respectively on a normal tray plate 121 and an abnormal tray plate
12]. When the normal tray 12d is filled, tlﬁ, normal tray plate 121 it rests
on is conveyed in the direction opposite to Y along a track 13c by a
conveyor 13d, to a normal tray 10stack assembly 13. At the normal tray
stack assembly 13, the trays filled with normal units removed from the
plate 121 and stacked in a section 13a using a drive system located in a

sectian 13h. Usually, at least 30 t be stacked in the, bly 13, -
TR N EDRERR ) ot e G B ) e 2 e

arests digs conveyed in the direction opposite to Y direction along a track
14c by a conveyor 14d, to an abnormal tray stack unit 14. At the abnormal
tray stack assembly 14, the trays filled with abnormal units are removed
Tinow, thecplalteit1) and Stackectay e pbetibindvd anatia idriveysysienensional
locrited inaseation 20 t Jeast 30, tr ay,be stacked at .
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stack unit 15 where vacant trays are stacked in a region 15a under the
WEIRFSFof a drive unit located in section 15b (preferably

Based on this determination (and the results from the earlier quality
determination based on the output of the camera Ae) a determination is made
for each of the units individually whether o move the unit is normal or
abnormal. According to the result, the computer system controls the individual
unit lifter 11b fo place the corresponding unit on the normal unit tray 12d or on
the abnormal unit tray 12e.

When a normal unit tray 12d or an abnormal unit tray 12e is filled it is
removed from the system, and a vacant tray is inserted from a location 12¢
into the place of the removed tray. This performed by a tray lifter assembly 12.
Fig. 12(a) is a top view of the tray lifter assembly 12, Fig. 12(b) is a view of the
tray lifter assembly 12 looking in the direction X, and Fig. 12(c) is a view of the
tray lifter assembly 12 looking fn the direction V.,

While the normal unit tray 12d and abnormal unit tray 12e are being filled,
these trays are located at positions along a linear conveyor 12b. The linear
conveyor 12b also extends over a location at which a vacant unit tray 12c is



10

20

25

5this unit should be capable of storing at least 30 vacant trays), and a
linear conveyor 15d which conveys vacant trays along a track 15c¢ from
the vacant tray stack unit 15 to the position 12c. The structure of this
mechanism is shown in top view in Fig. 13, and in Fig. 15 looking in the
direction X. 10Note that in other arrangeggents the number of these trays
is varied. For example, in some variants of the embodiment abnormal
units 7a may be further classified, according to the type of abnormality
they suffer from. The abnormal units may then be placed in one of a
number of abnormal unit trays according to the type of abnormality
identified. 15 In general, substrate compki it h. unit
PR AP I HBakad G oo o oifazs St e
cdpairistafnti&idy (i), 4x4 packages and so forth. The substrates may
comprise one or more such panels, depending on the operational
requirements. For instance, if the 20 economic requirements of the
Timsosiesstrequifdiebatthprosesithersoiicat erfall conmpaiseaysisrahown in
panels. Alternat iEthe ics;ndi ; e, ~CONtINLoUS
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singuiated inteégrated circuit units 18. The unitS 18 are held in place upon
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ace ready for transfer to the next station. 30 Figure 16(b) is a side
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recess or manifold 20, which is
drive system located in a section 13b. Usually, at least 30 trays may be

stacked in the assembly 13.

Similarly, when the abnormal tray 12e is filled, the normal tray plate 12] it rests
on is conveyed in the direction opposite to Y direction along a track 14c by a
conveyor 14d, to an abnormal tray stack unit 14. At the abnormal tray stack
assembly 14, the trays filled with abnormal units are removed from the plate
12j and stacked in a section 14a using a drive system located in a section
14h. Usually, at least 30 trays may be stacked at this position. The structure
of the mechanism for removing the trays full of abnormal units is shown in Fig.
14(b), and is identical to that of Fig. 14(a) except that the reference numerals
12d, 12“ 13, 133, 13b, 13¢, 13d are replacéd by the units 12e, 12], 14, 14a,
14b, 14c, 14d respectively.

Whenever, as described in one of the preceding paragraphs, a normal tray
12d or abnormal tray 12e is removed, the tray lifter unit 12a carries the vacant
tray 12c¢ into its place.
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5maintained at a suitable negative pressure. The manifold 20 is in
communication through a holding frame 19 via recesses 21. The support
device 17, which is typically made of a soft material such as any suitable
elastomeric material including, but not restricted to silicon rubber or
polyurethane further has apertures 23, whjjch correspond to the recesses
21 10 of the support frame. The apertures 23 within the support device 17
correspond to each individual unit 18. Thus, the vacuum manifold 20 is in
direct communication with the units 18 through the recesses of the
support frame and the apertures of the support device. 15This is shown in
better detail in Figure, 16 C)rffi a detailed view.aof a.su eyj .
THRRB i 16 BT e 5 Lo e A YR vacant
traypyatdedee ttZy Bhepiycassempldssiire2@applidéthitsupgly thesapaitures

odiAibe i i place MYl ipad (98 (Glegea ALING R SIRlo. SRIgh e

WS; In one em iment of the present invention; an upstream

regriocetsSavtretebyrsubstrte 28 athjvactiie inkatediruseiivhi Hhe(siefeimbly

\ el S .
iR sl asaestuind A ianteradaian et e
caryayatii§davive coteetevessnbishit aoperadankihsadradtas wrgant

trgﬁg{%@{fﬂm{f%éﬁm@%&&@ﬁﬁ% Which TR PemIAssseeAAl ORes

n this case, the predetermined number is one panel 26, which is
skingulEtdareview in this rddagisbinof e rigrkingiBs thasivgcit Single
substrate, being a single panel 26, is then rotated and moved into a
convenient orientation for delivery to the chuck table. Subsequently, the

Nsitrjteatdnertpe isaiena e atsdvecaiEnaar 41 Hirsp FRRdaI4EE NS 16
eleay fondelyaeniathaaetinampbiimRiacasfofigaranitdRNAP be

show the overall construction of an integ%rated circuit 5 sawing an sortiﬁlge
b%i@?ﬁ

fugjatsrhlantifiRg (HRNPIRG 1PdResYRS UGN ME SRS AEGhT O a
aBIRIBHEOpIMb eslipent R HEQ RIS iverdfan nitftignrss tnibersysiamtisys

viewed from above. It is composed of twQ _sections, a dicing section and a

agGRIAENEdQBIE HRE AbARHNATAIRYAGEERE marked X and Y.

in general, the substrate comprises panels of units, each unit representing an
integrated circuit, or possibly a package of such circuits, for instance 2x2
(1x1), 4x4 packages and so forth. The substrates may comprise one or more
such panels, depending on the operational requirements. For instance, if the
economic requirements of the process require a batch process, the substrate
may comprise several panels. Alternatively, if the economics indicate a more -
“continuous” process is required, that is less number of units and/or residence
time of the substrate in the éystem, then the substrate may comprise fewer or
as few as one panel.

Figure 16(a) is a plan view of a panel 16 of singulated integrated circuit units
18. The units 18 are held in place upon a support device 17, which is used to
fix the pane! 16 in place during dicing of the panel 16 and subsequently to
hold the individual units 18 in place ready for fransfer to the next station.
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10 The sawing and sorting system is for sawing and sorting substrates
which include a plurality of integrated circuits. The system is particularly
suitable for integrated circuits each of which is provided with an array of
contacts on a side of the substrate which is initially facing upwards
(however the system may be modified fogpther sorts of integrated circuits,
as described below). 15 The substrates are inserted into the system from
cassettes using a loader assembly 201. From the loader assembly 201
the substrates are carried to an inlet rail assembly 202. At this stage the
substrates are examined using a first camera 203, mainly to check that

FReRBEBIGS 8'6@ BIMRAISHIRBIR HrHsSHbe @ABARRAREYRG UM

system. 90 As described in detail below, the substrates pass to a twin
ErReReENE ROV il M ARTa b areitsaideln iftaae dicing machine
indicated generally as Z, and shown in more detail in Figure 20. This
dicing machine Z can be formed according to known designs, and so will

TSt MeEEE DEINBEAMpILSS. 2 A RCERFSIEHATA RS 2 which s
reaih2lRavhere diasinguatadivaitrasereished akhasieanss wit 206, to

a heating block assembly 207, From there, the units pass to a flipper unit

copaMiRiTatian Husushed v lddigifim ! hylanrsereanmed bierssant

deacbeall gibisiray anesigonsueris The Alsiagulalgshunisaresiesble
received by an idle unit %s{sem ly 209, inclyﬁ{%a 32 second camera.

R GEA) 2 HRE iyt SRS R BiotlCas BHRER 240, In a
dolyestmhbodimeet; FHguipctlisbors andilithisslebepmtti23Gtie ReSsses 21

[ [ i t ine. Deli th h th tem,
SRR 2 KRS ABTVIETE SHATIE V5.7 JBRG G EMGEGH each
cstatiapohth® systenmdividutd veliviesy dtHthe, shiépyvidindergeesidB0xofiesin
inspection (or.visien) and is subs: ly delivered to the rail. 10The strip,
d e S B e A e e e Support

frame and the apertures of the support device.

This is shown in better detail in Figure 16(c) being a detailed view of a support
device. Here it can be shown that the units 18 cover the apertures 23 in the
support device 17. The vacuum pressure 22 applied through the apertures
hold the units in place until ready for release at the next station.

Figure 17 shows, in one embodiment of the present invention, an upstream
process whereby substrate 24 may not be ideal for use wi{hin the system and
is therefore seleétively reduced in size before delivery fo chuck table. Thus,
the original substrate 24 is moved 25 to a separating device. The separating
device, under the control of the dpera‘tor, is instructed as to a predetermined
number of panels, which are to be processed at one time. In this case, the
predetermined number is one panel 26, which is singulated 27 from the
remainder of the original substrate 24. The single substrate, being a single
panel 26, is then rotated and moved into a convenient orientation for delivery
to the chuck table. Subsequently, the single panel 26 is diced so as to create
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240b which are located in the dicing machine Z of Figure 17. To
accelerate the flow, the chuck tables 240a & 24Db are sequentially
staggered, such that a strip is passed to the next available chuck table,
and passed through the dicing machine. This has the advantage of
emulating a continuous process, 15rathey than a batch process, whereby
a backlog of strips may cause a bottlene E( in the process waiting upon the
dicing of each strip. Thus, whilst the prior art may require a delay of 30
seconds whilst waiting to load the next strip, the sequentially staggered
chuck tables 240a & 240b reduce this to about 12 seconds in this

[ : [ : ity of k
it R L AL NG A s et R
PESE&ESs may be caused by the delivery time of new strips. In this
embodiment, the processing delay may approach, but may never reach a

urely continuous process, that is a zero second delay. It is therefore the

it f el Rtk therexsethensir peli¢ioat auppiepratedriseit
ampasfrgRaLestodhe ﬂr@aﬁaeﬁﬁﬁg&?ﬂ&&@&d%ﬁ%@ysmm

from the dicing process are then brushed and cleaned 2 nd heated

fogptignenio Feifiriiae e PHESRG ol Risee i nveaiohla fianee 18,

tRBadiptarrRROGEat defineddarine sipsn e HaREd e S 8B1RMIO Haleing
preferably, the ball grid array facing downwards 260. 5The sing ulated

SHAOTh FRE ReSPBRENBRRIPArd WRther Ryt dsesions fieBdafcens &8 Y-
net block assembly, whereby they may be divided between available net.

locks 270a &570bh each net blocf;P being located on a respective track,
SRAING AP e?,quggr?ggr}gxgﬁ% 5@@y%(m§nd sorting substrates which

include a plurality of integrated circuits. The system is particularly suitable for
integrated circuits each of which is provided with an array of contacts on a
side of the substrate which is iniﬁaiiy facing upwards (however the system
may be modified for other sorts of integrated circuits, as described below).
The substrates are inseried into the system from cassettes using a loader
assembly 201. From the loader assembly 201 the substrates are carried to an
inlet rail assembly 202. At this stage the substrates are examined using a first
camera 203, mainly to check that the substrates are of a type suitable for use
in the sawing and sorting system.

As described in detail below, the substrates pass to a twin chuck table 204,

from which they are carried into a dicing machine indicated generally as.Z,

-and shown in more detail in Figure 20. This dicing machine Z can be formed

according to known designs, and so will not be described here in detail.

The diced substrates pass via a brush unit 205 where the singulated units are
brushed, and a cleaner unit 206, to a heating block assembly 207. From
there, the units pass to a flipper unit 208, where, as described in detail below, .
the units are turned over S0 that each ball grid array faces downwards. The

singulated units are then received by an idle unit assembly 209, including a
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Consequently, the singulated units are inspected 275 a final time to
determine 10their efficacy, that is their ability to perform the required
functions. This inspection, being substantially visual, then determines
whether each individual unit is to categorized as "good" 280, "reworkable"
285, or a "reject” 290. Figure 20 shows gRe embodiment of the dicing
machine Z, indicated 15previously in Figure 18. Here, the dicing machine .
95 comprises two tracks 305a & 305b, each supporting a pair of chuck
tables 300a & 300b. The tracks 305a & 305b operate in a linear direction,
S0 as to pass by cutting stations 310a & 310b. These cutting stations 310a

sScttfb A desianed nain. MRS HaRaVmil ALLOlY anales fg.the

irection of the tracks, hence, the combination of thc two movements of

agrediblng tations 310a & 310b and the tracks 305a & 305b provide an
action whereby two dimensional cutting action of the strips resident on the
chuck tables 300a & 300b is possible. 25 A distinction of the embodiment

InrolvntieFrRiDRe anaanb fiielise the pamver ariibk ismiel\woed 240bhiba

sHRilgskachHe heyebydBsddRugingitae Seqventialsstagasiadstem, and
process prewous% escribed is increased, the UPH is considerably further

ML RTRGS PR AN PRREAMEreUOR RPEDetation
dlutthesistinctinm againRidRgcheINeApSE IHB]dedhesass Migantbection

blades 310a & 310b at the cutting_ stations. Having the extra blade again

(FouinieniRNhis BiRpsAgHL&etipsedin Q8 dRctly contributing to the

The strip, or strips, are sequentially placed on available chuck tables 240a &
240b which are located in the dicing machine Z of Figure 17. To accelerate
the flow, the chuck tables 240a & 240b are sequentially staggered, such that
a strip is passed to the next available chuck table, and passed through the |
dicing machine. This has the advantage of emulating a continuous process,
rather than a batch process, whereby a backlog of strips may cause a
bottleneck in the process waiting upon the dicing of each strip. Thus, whilst
the prior art may require a delay of 30 seconds whilst waiting to load the next
strip, the sequentially staggered chuck tables 240a & 240b reduce this to
about 12 seconds in this embodiment. In further embodiments, there may be -
a plurality of chuck tables, such that any delay, instead of being as a result of
the dicing process may be caused by the delivery time of new strips. In this
embodiment, the processing delay may approach, but may never reach a
purely continuous process, that is a zero second delay. It is therefore the
intent of the invention to increase the Unit per Hour (UPH) rate of the process,

as compared to the prior art.

The singulated units resulting from the dicing process are then brushed and
cleaned 245, and heated 250 to remove moisture.
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increase in UPH. Figure 21 shows .a more detailed process according to a
third embodiment, whereby the activities in each station are more closely
defined. 35NICSLLP Claims: A system for dicing substrates to
produce sorted singulated units, comprising: Cassettes for loading said
substrates to a rail system, the rail systegg being in communication with a
chuck table arrangement; Said chuck table arrangement adapted to dice
the substrates into singulated units held within a predetermined spatial
arrangement, said chuck table 10arrangement including a plurality of
chuck tables on to which are loaded the substrates, at least one chuck

TROIE Ipcatad ANAIONARIR ap &éﬂﬁ%‘éeé Eﬁ’g&iﬁ% %H?ﬁ%ﬁned by the

singuiating the units from the su strates and, eans
Sﬁﬁﬁﬁ}taﬁﬁﬁ@ﬁh@dééﬁv@p@% mbhamrrg@fﬁg@wedhm@mhmaﬁey facing
JRrEAeLerunghspatial arrangement corresponding to their position within

the 15substrate prior to singuiation: said cutting means including blade

cutting having at ieast one spindle, upon which at ieast one blade cutter is

TiRcalRh ASRAFIaRG Vthearhv esrecive Arack A diRneh iydipni %é%or to

substrates whilst maintaining the predetermined spatiai arrangement
dedvBryde f8empNde %%‘f%ﬁ%?hf»a\ﬁa%mvomﬁm.maba rﬁtgr%ﬁsﬁdbgt\y@ﬁmg

=BG AsteactiHRYRacANS @ S0 atiRg the sinsstateshanits by etlicacy.
respective track, ready for a picker to sort said singulated units.

Consequently, the singulated units are inspected 275 a final time fo determine

their efficacy, that is their ability to perform the required functions. This

inspection, being substantially visual, then determines whether each individual
unit is to categorized as “good” 280, “reworkable” 285, or a “reject” 290.

Figure 20 shows one embodiment of the dicing machine Z, indicated
previously in Figure 18. Here, the dicing machine 95 comprises two tracks
305a & 305hb, each supporting a pair of chuck tables 300z & 300b.

The tracks 305a & 305b operate in a linear direction, so as to pass by cutting
stations 310a & 310b. These cutting stations 310a & 310b are designed to
also operate linearly, but at right angles to the direction of the tracks. hence,
the combination of the two movements of the cutting stations 310a & 310b
and the tracks 305a & 305b provide an action whereby ftwo dimensional
cutiing action of the strips resident on the chuck tables 300a & 300b is
possible.

A distinction of the embodiment shown in Figure 3 is the use of the pair of
chuck tables 300a & 300b on the tracks. thus, whereby the UPH using the
sequentially staggered process previously described is increased, the UPH is
considerably further increased by doubling the capacity of the diving machine.



36MCSLLP 2.The system according to claim | wherein the chuck table
arrangement is adapted to permit the loading of a substrate on one chuck
table as an independent function from cutting of a substrate on another
chuck table. 3The system according to claim 1 wherein at least two chuck
tables are located on a respective track I1‘,?or movement of the chuck tables,
and consequently the substrate, indepe éently from the other chuck
tables. 4The system according to claim 3 wherein the chuck table
arrangement is 10adapted to permit the loading of substrates on the at
least two chuck tables as an independent function from cutting of

strates on the another chuck tables. The system according to any
A R i 168 6. A s 1 et InCH s g o of

gmmdﬁgﬂénéi@ao%lﬁ?}@b@ﬂﬂlﬁlg @Exﬂm@eéﬂﬁﬁéﬁdélt.iﬂ%ving f?@égf?déemﬁ]de again
[ O Clal wnerein two Or more Indles are assocla e WI
e ) SR s HReag e oo et itstho

iheherein B&UH. spindle uses a gang blade. MCSLLP 37

Figure 21 shows a more detailed process according fo a third embodiment.
whereby the activities in each station are more closely defined.
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BThe system according to any one of claims 1 to 7 wherein the net block
assembly includes at least one net block located on at least one track for
movement of the singuiated units. 59The system according to claim 8

wherein the net block assembly includes a plurality of net blocks located

on the at least one track. 10The system ggcording to claim 8 Or 9 wherein g1 Lp

there is a plurality Of tracks. 10 11The system according to claim 10
wherein the net blocks located on the plurality of tracks are sequentially
staggered in position relative to net blocks located on the other tracks,
1ZA method for dicing substrates to produce sorted singulated units,
—comprising the steps of : Loading said substrates to a rail system;
delivering said substrates via the rail system to a chuck table arrangement
for 20dicing said substrates; | ading the substrates to a plurality of chuck

wt.ab'eSAa%f@?m%‘%B?ﬁ%ﬂﬁ;&%@:‘&@%ﬁﬁ P Igspestive z@;j@% Nehike

chuck tables along cks, passed respective cutting means:
comprising:

Casseties for loading said substrates to é rail system, the rail system being in
communication with a chuck table arrangement;

Said chuck table arrangement adapted to dice the substrates into singulated
units held within a predetermined spatial arrangement, said chuck table
arrangement including a plurality of chuck tables on to which are loaded the
substrates, at least one chuck table located and movable on a respective track;
cutting means for singulating the units from the substrates, and;

holding means for maintaining the relative position of the singulated units within
the predetermined spatial arrangement corresponding to their position within the
substrate prior to singulation;

said cutting means including blade cutting having at ieast one spindie, upon
which at least one blade cutter is located, associated with each respective traok;’
a flipper for flipping said substrates whilst maintaining the predetermined spatial
arrangement;

a net block assembly to separate and control individual units, and;

a sorting and categorizing means for separating the singulated units by efficacy.
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38MCSLLP singuiating units from the substrates using the cutting means,
and; maintaining the relative position of the singulated units within a
predetermined spatial arrangement corresponding to their position within
the substrate prior to singulation; 5flipping said substrates whilst
maintaining the predetermined spatial argangement; delivering the MCSLLP
singulated units to a net block assembly 10 separate and control individual

units, and; sorting and categorizing the individual units so as to separate
them by efficacy. ID 13The method according to claim 12 wherein

individyal chuck tables undergo the loading, passing, singulating and :
mainta TGRS 7S UAGR Bat AR a TR L e AR eRgrcsgen i
a(ljs to minimise delay ﬁime between these steps, 15

adapted o permit the loading of a substrate on one chuck table as an
independent function from cutting of a substrate on another chuck tabie.

3 The system according to claim 1 wherein at least two chuck tables are

located on a respective track for movement of the chuck tables, and

consequently the substrate, independently from the other chuck tables.

4 The system according fo claim 3 wherein the chuck table arrangement is
adapted to permit the ioading of substrates on the at least two chuck tables as

an independent function from cutting of substrates on the another chuck tables.

5 The system according to any one of claims 1 to 4 wherein the cutting
means further including any one or a combination of laser cutting or water jet

cutting.

6 The system according to claim 1 wherein two or more spindies are

associated with each respective track.

7 The system according to any one of claims 1 fo 6, wherein each spindie

uses a gang blade.
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14The method according to claim 12 wherein the step of sorting and
categorizing includes determining whether each singuiated unit falls within
the category of efficacious, non-efficacious or whether the singulated unit

requires re-working. 20
37 MCSLLP

8 The system according to any one of claims 1 to 7 wherein the net block
assembly includes at least one net block located on at least one track for

movement of the singulated units.

9 The system according to claim 8 wherein the net block assembly

Includes a plurality of net blocks located on the at least one track.

10 The system according to claim 8 or 9 wherein there is a plurality of

fracks.

11 The system according to claim 10 wherein the net blocks located on the
plurality of tracks are sequentially staggered in position relative to net blocks

located on the other tracks.

12 A method for dicing substrates to produce sorted singulated units,

comprising the steps of :

Loading said substrates to a rail system;
delivering said substrates via the rail system to a chuck table arrangement for

dicing said substrates;

loading the substrates o a plurality of chuck tables, at least one chuck table
located on a respective track;

moving the chuck tables along the tracks, passed respective cutting means;
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singulating units from the substrates using the cutting means, and;

maintaining the relative position of the singulated units within a predetermined
spatial arrangement corresponding to their position within the substrate prior to
singulation;,

flipping said substrates whilst maintaining the predetermined spatial
arrangement;

delivering the singulated units to a net block assembly to separate and control
individual units, and;

sorting and categorizing the individual units so as to separate them by efficacy.

13 The method according to claim 12 wherein individual chuck tables
undergo the loading, passing, singulating and maintaining steps in é staggered
sequence along the respective tracks so as to minimise delay time between

these steps.

14  The method according to claim 12 wherein the step of sorting and
categorizing includes determining whether each singulated unit falls within the
category of efficacious, non-efficacious or whether the singulated unit requires

re-working.



