v; e3efFkffgi 4Pi | j 6) TFkow< 1 System for mani pul ati ng si ngul ated
circuit elenents Rel ated applications The present applicati ommn&@mimmlma
group of four applications sharing a priority 5 date and ent

respectively " Supply mechani sm for the chuck of an integrated ci Qe

di ci ng devi ce "System for nanipul ating singulated integrated circuit

el enments", Net bl ock assenbly for an integrated circuit dicin

and " Quality control systemfor integrajed circuit dici ng ﬂﬁmw mmu
Field of the invention The present invention relates to a

sorting system The systeminteracts with, or includes, a d| ci mgsoretchi ne
which saws ("dices") a substrate with many |ntegrated circuits formed onto
it to formindividyal in . dHtg her rel ates
to apparatus for 2yt P& TC Kgr ound of

I nventi on Conventionally a pI ural [ ty of I ntegrated circuits are forned

si mul taneousk&IaQ%g gg’%’ﬁbaqi@ﬁlsconduct or substrate, and the substrate is then
diced to for narvidual Tntegrated circuits. Apparatus is know for feeding
substrates into such a dicing machine, and for sorting the diced integrated

ci reui ts. Ong, Lype ol ﬂ‘?@ ligaHH Bbrfe ord fouh if3But SpPIRGEBHS 8hifisg @astionty v

popular is o array o e el ectrl cal contacts
(typical ly sghgesandahlitied &eswotmayéswly ngﬂctranmm&cyrtbacqt'&@lé@f aind pads in

| ded k k d k Nor; k
o Ty on” iieorated ek QisinerdeuRs'. Thstmanr penre SR Spbifeley Pac kadss) I
grid array 0‘}38@%5@5 cirbdit él‘éh{éarﬁé’s "Nét EI}SEk agsémbRefof Qh ﬁi@l@gmteh droaitsur f ace

of the substf arryin faci ng}u pwar ds. is. known to
performa |i mdi;egisystgbﬁramd "erailtngMplirsaSﬁGBM rcuntegr@edumguntait@wu nt egr at ed
circuit units to detect abnormal (faulty) units. This is performed using
cameras undeSYS#8Mh t he si ngul ated units pass. The | evel of sophistication
of such I] gchniques is presently linmted. In particular, it tends 5 to be
performed on é_\g J??_s% ﬁ\@htlénbamh of units produced fromthe same
substrate, a units is rejected asa\/\holelf afault IS
identified (e.g. because it is discovered that the

substrate wi t'IfheI peeslelnhetsvenjlonbselatﬁé tai %l%@@"%(ﬁﬂdn@ anﬁﬁs %'Uf 131 @ﬁ‘?(jﬂ
accurate). Durjn th| t I QSsuW@trﬁte
touch the mt"%t&lr t§(¥‘" Eﬁﬁga%“f %]ﬁwﬂ@dhzascﬂg% \wﬁgﬁr%}ﬁgr sur?aces at the
Mar gi ns whi CRyiff Gnay Wﬁtfe@ra’tfedt blﬁCtﬂirse&)rn'fedt batapto formf m@eedwaiv@t@matﬁﬁ t he
ball grid array. Contacting the circujts here aﬁdu es t g :u%éo) agﬁ{@ge
bei ng dorié t ccitckis.at hayinygntipn fusth endﬁ!@wr 0 aRpParaius, ¢ HeP ohé A
difficult on com ng increasingly nore d| fficult as the size
of the int egraoﬁcgﬁg%'w &gelspﬁf alls and the margin around the ball grid array

shri nks.

Background of Invention

Conventionally a plurality of integrated circuits are formed simultaneously on a
20  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 circuits.

One type of integrated circuit which is becoming increasingly popular is one

25  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



, Summary of the invention 20 The present invention ains to provide a new and
useful system for nanipulating the integrated circuits singulated by a
dicing machine. It further ains to provide a new and useful dicing system
i ncluding a dicing 25 nmachi ne and a nechani sm for mani pul ati ng i ntegrated
circuits singulated by the dicing nmachine. In general terns, the invention
proposes that in a dicing systemin which a dicing nmachi ne singul at es
integrated circuits placed upon a chuck z2and having 30 el ectrical contacts
which face away generally upwardly fromthe chuck, a 3 mechani sm shoul d
be provided for flipping the singulated integrated circuits so that the
el ectrical contacts face generally downwards. An advantage of this is that

when the singulated units are subse t Y ed YRIND sopting opérationsr om
above, thei faGingyPWRERS 'E@%&@ane&%gﬂ‘%ﬁg‘iggpom tée'e(?asce. hﬁsJ even if

the electricalycqr ircait Uhits esldetecbabnormalr{fasttyhviats.-ciig ui t
(as in m)delpﬁ tﬂ%ﬁ“ﬁ%‘%ﬁqﬁﬁgﬁggﬂgﬁy ar,% tghex {f@s f a'?;geﬁafh%qgvgyith t he
support opeligpedormed using caMergeHNeEr which thesy g@va @ﬁl' so% %el ow, dt hi s
concept is particularly useful, i i ; t anticalar at wdsi rcui ts
are subj ect e}féoﬁhEﬂﬁ?ﬁ@/’boiﬂéﬁue\fﬂp@fﬁ'a%?\%Fl\r/alsgﬁg I gm?gr {“:pi nt egr at ed

Ci rcui tSg bagaussetdmiERPOS thd1Basis o adgatenobanits praduged Hrom e, PNS|

i nt egr at 2d crredits can be nuch hi her. .1f Lhe contack (Bullis ehtifidd are
faci ng upwarslbstrate,tand thet bateh of yoHR 1§ Wl?qeﬂia@kq% up anfg placi ng by

i ndi vidual pjckers) is . 0obst Hialtindherstaithe gubétrateavithathe lin@snt i n
nodern BGA pd?cgc ?.uséﬁ\/!g@igrcfwlgféqﬁétlint_eg ated circuits are flipped to
face down, agg gywe didlagimacrinaisdotsufizienty agaurptediked up fromthe flat
noul di ng area, t'he picking up and placing does not take so long, and in

particular may stop being the process which [imts the overall speed of the

system 20 TB?@E?&‘E% rgﬁléﬁ?ﬁkhé MRS bioRandied dytdevidesrwlyichdeweh then, and

facilitates, has a hi gher through;put of,in : i rcuits
t han convent irﬁé@btétyeii'@ms.atstleledaespgtf@ﬁ ﬂ@%esgﬁqcﬁédaﬁtnedﬁgﬁ'fé@g‘c@w, in
whi ch singulated units are obtajned fr j igHdl agajnas a
progr essi on maumgaf%z%af%ﬁ‘!@SW@ﬁ?%ﬁgﬁ%‘g‘%ﬁg%&bﬁ"hﬁ i nhe{g‘rat ed
circuits are So‘}{t%ﬁﬂ\gtme.tdﬂ%ufté ke reducds i riskeoftiteniagy beingtdane 19dheact s)

es€ u

face downwar nits can be continuously tran at .Riigh speed.
Pl's. consi demar@yroftalis cijoweven thlﬁd@ﬂdb%gpe(ﬁr’ﬁ%eﬂs ﬁe‘iﬁ@h[tﬁgte ’ épﬁéﬁl at ed

g;'sz e R %cgfgﬁrtkgfnc?g%\éiﬂ&y%gﬁrcﬁﬁﬁhﬂ%\sitﬁe B ofitheletegtdted cirbeitefallst i ng

and the margin around the ball grid array shrinks.

Summary of the invention

2 The present invention aims to provide a new and useful system for
manipulating the integrated circuits singulated by a dicing machine.
It further aims to provide a new and useful dicing system including a dicing
o5  machine and a mechanism for manipulating integrated circuits singulated by

the dicing machine.

In general terms, the invention proposes that in a dicing system in which a

dicing machine singulates integrated circuits placed upon a chuck and having

30 electrical contacts which face away generally upwardly from the chuck, a



, 4 The inversion of the singulated units may be perfornmed by depositing the
units onto an upwardl y-facing inversion surface of a unit (a "flipper
bl ock”™) which is arranged to rotate about an axis (generally a horizontal
axis) so that the inversion surface faces dowmwardly. 5 Note that this is
usual 'y nmuch nore convenient than the alternative possibility of placing
the singulated units onto a surface of the flipper unit which faces down
(e.g. retaining the singulated units byguction), and inverting them by
turning the flipper unit so that this surface faces upwards. The reason for
this 10 is that in this case the integrated circuits would contact the
flipper unit on their surface which carries the electrical contacts (since

th tacts f wh t ' [ i ' irti i
orocess). . ampaapemehaae b hevaiad o IR Mgl hiadtated RBIB=0 00

tend to bre L{ABal doNBA&s F4eE gétérally downedrd® the reason that the
balls face gévtvg%ﬁgéﬁ%% 15 they exit the sawi ng process: the substrates are

hel d on the chuck table by suction, and if the balls faced downwards this
eadi ng 1o damadvantage of fSjs HREWAEn (RS sHUAed LhtS ER S se a am f or
eerart of pRoAed o sdetr ot Uik sleses SR e on
Che 111 pper fabackhus, exenil theielectapl ortadte Sif eioek A8 Inf RABGEBERE " | STReC 27
of the integr é{q{;&qg%}cﬁgéggﬁ ﬁﬁgg@?%ﬁﬁ g}%g iREreasimyRcary they willaatuum sour ce,

so apply a S0 d units against the inversion
surface. Thqnfé?fwgwiihqhetsmptpbﬁomaﬁm,mmm&% Yie via a conduit
extendi ng through the axial section of the flipper block. Follow ng the

i nversion operation, the singulated units are preferably transferred from

e PR néé%l%gﬁit?%cfp&bw&hi%@iheépt i Partidudrty usafut i asystem iolwhieh 8. The

y beé 1ocated beneath the fI,i'gg_'ecﬁ .genﬁ)er rzso and
i ncl udes an m@gtﬁd/cifmﬁl{slragembf@tm a'qlhléllwﬁimchl"ﬂ“'f; f Yaugr 3T of theI 5
i dl e bl ock noves vertica upwar ds r J t id Nedivuabnt i
t he si ngul at Eﬂeﬁfﬁﬁdsc‘éﬁ%tspﬁﬁﬁgﬁ'ﬁﬁ@n?e@%gﬁhlb%ﬂgoﬁetg?fof\gl?‘ﬁﬁﬂup The siangul at ed

units are th : BEmiUEh Kibhen drthewohtact (@.gt halls)dare fasiBgk. Thi s
may be by di E@%%?g%f?rﬁ%m%ﬁ%&gpertd&?es}_bi n the fl iﬁgek msrngr 4i\r/i8U%It he vacuum
source. 5 Opupwaed then theesartingspeak with PigkBodRERA PIRARG LIV t he
singul ated units e, put .i.nt LGRS & ' #F HodesoBGR, tO
retain the uﬂ@@rgﬁgpgétrﬁéegLMtﬁ?&?ﬂﬁghgg{%ﬂgf\&a@'%@n&en nmoved away from
thle flipper ?Jﬁ%E%?eST. M&N%Y@f-, ilimé Eﬁégrg;cécﬂcg:‘cmﬂ;we fl:clnpﬂmf@ face gownnand! y
relative to the TYi pper ock. The idle blo : S
laterally f rdhermﬂ”r&a{l)ilttegrﬁtﬂﬂ $|qu#!)t§(§*elﬂ'w.uﬁﬁﬁ%r‘?@%%%ﬁ@ﬁ%ﬁﬁ&ﬁ? Q the
flipper block, the idl JR% ' landah particularaay istap beingace
carrying the @?M@%PB%@ ‘8%&?‘5 'S a’i&gl%%/gﬂdrtg ely 1%3 t he sane height as the
surface of thgeigrbsuteywhichdinitst theraveralhspaaskef thaEYsiaul at ed units were

deposited onto it. This facilitates use of the sane |ifting assenbly to
nove the 20 ngul ated units onto the flipper block and off the idle

Thus, the present invention is particularly useful in, and facilitates, a system
which has a higher through-put of integrated circuits than conventional
systems. Such a system is described in detail below, in which singulated units
are obtained from a sawing process which is has a progression much faster
o5  than conventional systems. Once the integrated circuits are turned by the

flipper so that the balls (or other contacts) face downward, these units can be
continuously transferred at high speed. Pls. consider our concept, two chuck
base, which means that singulated units came out of the sawing progression

is much higher than the existing systems in the market.

30



« bl ock, since conventional lifting assenblies for noving singulated units
bet ween processing units generally permt a greater range of novenent in a
20 horizontal direction than in the vertical direction. The flipper block
may optionally include inversion surfaces on two oppositely facing sides
whi ch are both suitable for receiving singulated units. This neans that
when one inversion surface (currently carrying singulated units) is noved
25 fromfacing upwardly to facing downwagdly, the opposite one of the two

i nversion faces woul d nove from facing dowmmwardly to faci ng upwardly. Thus,
the flipper unit would be ready to receive a further batch of singulated
units even without returning to its previous configuration. 1 6 A control

systemis prvided for t he
1 pper an; (Theavemieh of BRSRayaRs) BB Ry Be haRiy by BcBsatiag o, ey
units to th%ﬁds'cnﬁsranumward fédmvermmauﬂf@deadf aluntt&(af'ﬂlppet bbck'tjl e bl ock.
5 Brief Description of The gures Preferredfeaﬁw?s of thejyventlon w | |

now be descrwhiet s ﬂtfﬁngﬁ@t%éﬂkté‘t%iﬁbwtl%ﬂ'%@?ﬂ?rﬁ ofizental axis) SRdet o ¢ he
fol | owi ng fltﬂé ﬁﬁ%{gﬁg"@ff&e fgb s d Wﬁ%ﬁd'?éa top view of an integrated

circuit saw 'ng sys an enbodi mrent of the invention;
10 Fig. B(b) is a side view of a part of the enbodi nent of Fig. 1 |ooking

he d .1 Fiq. Whi
to 2(c)) shoNBlahebiUEIS Wkt fnors Sonnian B the SRETATE stsgbifly °( )
'S corrposedoég @E&H@ fhééﬁ@u’iéfeé@?ﬂts ohfP¥Suffats 'oﬂhé ﬁlgbeﬂﬁni@&&ﬁ?ﬁpfa\ceef t he

enbodi nent I's conposed . 4(a) and 4(b),
shows a sect dmn(Qé gt hetaiming thensingulatedrunjts by smilqnii nvering them Ryt abl e;

Fi 5 f t f | S
6 s 2 secontingefiines it SerBACthis Plitacs fses npMHGR Tk retisch Brthis, L0
7, whichygs &QHBPﬁecﬂlsoc?aéé' t9e- |nt6@?éte8%|r3(ni@§ Wo&f@&@técﬁ‘tﬁétﬂlpmrmm tiedrenbl y

of the e odi nen whi ch is conposed of Fig é 8(a) to
8(c), shows aurtfacqawhrchmartle@the a@cﬁmhmmﬁaﬁts (§mce|tbesq00ﬁa§ts Cewhich is

conposed of Fi 9 0 9 t he
enbodi ment ofP \g’?&’ \&ﬁ%&tt%e r&é&fﬁ@ﬁ@ %rb&t%gsség)uﬁﬁ BE?%E%E%JP@% o 10(i),
shows a net Bbmé(erﬁmedmllswrmhterwmqﬂmﬂmpefmum tehd tBityeak the whi ch is
conposed of Figs. 11 (az (c), shows a Ilftt(ﬁ{ 8s?ep‘oly of the
enbodi nent osuctian. (Note that th|s related to the reason that the balls face’upwards when
15  they exit the sawing process: the substrates are held on the chuck table by
suction, and if the balls faced downwards this suction would be unreliable,

making the whole substrate unstable and leading to some offset cut.)

The flipper block includes a mechanism for retaining the singulated units on
20 the inversion surface during this operation. This mechanism may include a
plurality of apertures arranged on the flipper block with at least one of the
apertures in register with each of the integrated units. The apertures can be
connected to a vacuum source, so apply a suction to retain the singulated
units against the inversion surface. The connection to the vacuum surface
25 may be via a conduit extending through the axial section of the flipper block.

Following the inversion operation, the singulated units are preferably

transferred from the flipper block to another member, here referred to as an

idle block. The idle block may initially be located beneath the flipper member
30 and includes an upwardly facing surface. The upwardly facing surface of the



¢( 3 7 Fig. 12, which is conposed of Figs. 12(a) to 12(c), shows a tray
lifter assenbly of the enbodinent of Fig. 1; Fig. 13 is a top view of the
tray lifter assenbly of Fig. 12, and a normal tray stacking assenbly, an
abnormal tray stacking assenbly and a vacant tray 5 stacking assenbly; Fig.
14, which is conposed of Figs. 14(a) and 14(b), shows the normal tray
st acki ng assenbly and abnormal tray stacking assenbly of Fig. 13; and Fig.
15 shows the vacant tray stacking assenbgy of Fig. 13. 10 Detail ed
Description of the enbodinments Figs. 1 (a) shows the overall construction
of an integrated circuit sawing and sorting system which is an enbodi nent
of the invention. In Fig. 1 (a) the systemis viewed fromabove. It is

d of t d i ‘ T
oo S pBEE SRttt s aRg rhBtyd o M nBpSLiemernitt R Tho,
for saw ng aé‘iﬂgﬁ%'iéd Dﬁutédi@{:fo@drﬁéte\/f@lorhn icontactiwith ipMhecsingylated unitseayeat ed

circuits. The Systemis particularly suitable fo grated circuits each
of which is thenvrarsiemea firoam IRpelm

ansfenpe from the igpetmesuiar e 2o e biosh iﬁ@emaybeﬁ@
substrate which is init FORINEEd
modi fied for dSCARRE gtg}gtt'g%éﬁér{ﬁ%?& %ﬂ%ﬁ@%g@hdfeﬂgl e ! ow) “he
substrat es apptioRahy, taepéruumés)urtﬂhe idiestileck i registersyith tEasnugulagecbuntbsaﬂ@y
assenbly 1. Fromthe | oader asse 1 the substr { % dth 0 an
inlet rail abQMIIWOEOWUﬂ'ﬁﬁBO%M‘b@ YWY SOHCS g%rejg g?éﬁ 3‘ using a
first 25 cang c{@gl?‘c?cll](”a' nly to check that the substrates are of a type

sui table for the sawi ng and sorting system As described in detail
bel ow, the substrates pass to atwin chuck table 4) fromwhich they are

Ca e Lt o o TR a8 sHE B Bphe. BdgK THE rfay el "o

descri beqghere. Prgm whr8ederiive to e fippesblockaThe idlebloakni t 5
wher e thg Si ngulfl&f nq!ttgsgirhe E:@rushed) nd ppc | ean 0(?le(nlt 6) to a

heating bl oclprefesabtpajsormores iaterally dron h@ngathttge fkpper flipper unit 8,
where, as described in detail below, the units are turned over so that each
ball grid array faces downwards. The singulated units are then received by

an idle unit Gseerathoved frbﬁ%éhham tife ﬂ.ppenulocameadleaubsiemme movete
singulated units pass to a net block assenb|y lh'% élﬁoﬁ( %l WS t he
portions 2 tovetically soithat iy sudace Géﬁwiﬂﬁéh%ﬂ@é‘iqt% R isat aPRaxiEgielyr (a)
Aframe |jft asse [ hatinéhatthehown in two
differ ent15po§[1?|séﬁkenaﬁ'¥’9tgg ﬁ%%@@%@%‘t@?y@dé ; Ht%s]a(dﬁﬁr/ﬁ ng the use of the
system 15  gipgulated units were deposited onto it. This facmtates use of the same lifting

assembly to move the singulated units onto the flipper block and off the idle

block, since conventional lifting assemblies for moving singulated units

between processing units generally permit a greater range of movementin a

20 horizontal direction than in the vertical direction.

The flipper block may optionally include inversion surfaces on two oppositely
facing sides which are both suitable for receiving singulated units. This means
that when one inversion surface (currently carrying singulated units) is moved
25  from facing upwardly to facing downwardly, the opposite one of the two
inversion faces would move from facing downwardly to facing upwardly. Thus,
the flipper unit would be ready to receive a further batch of singulated units

even without returning to its previous configuration.



«The singul ated units are picked up fromthe net block assenbly 10 by a
lifter assenbly 11 A They are then inspected by a ball vision inspection
canmera assenbly 11 B which exam nes them from beneath. A conputer system
uses the data obtained at this step to nake a determination of the quality
of the 20 units, and accordingly controls the lifter assenbly 11A to pl ace
theminto one of two trays 12d, 12e. A vacant tray is kept at position 12c.
Once filled, the trays 12d, 12e are nove@ (in the direction which is
downwards in Fig. 1 {a)) respectively into a normal unit tray stacking
assenbly 13 and an abnormal unit tray stacking assenbly 14. Atray lifter
assenbly 12 noves a vacant tray 25 fromposition 12c to replace whi chever

of trays 12d, 12e has been renmgved. A new.vac tray. i ; jtion
12c from a vAGONTol pysieay IgquPy egg%re?ﬂﬂquw _a@&%ﬂ%pé@%g@/ é'B\aé’? i(“?)éus
sections of ' j|6cldeindli diso 3Pparafusesawhiehdaovesingutzted Uinits shown
in Fig. 2(a)hi{ﬁﬁefg§ﬁ\%hgﬁv@biﬂrp%i'g. 2(b) ??\ side viewin tgij}p& rection Y in
Fig. 1 (a), tothe flipperguni@nd remaviectingulated; ynitsifeomitheddie ‘in Fig. 1 (a).
The | oader assenbly 1 includes a nunber of cassette magazines 1 a in a
region 1 d of an upper stage 1 c of the |oad assenbly 1. The 5 cassette

nmagazi ness eaghief Desefiption olifve Figqurest acked substrates, each including a
nunber of panels 1 b (typically each panel is identical, and is designed in
vi ew of the use ich are be de of [ : '

circuits; thgrr@f%ﬁég fS@“ﬁ,“S& 'Byggt'%wéh iﬁhag%%hg%@dfgtg‘g?%@e . At | east
one casset t € RgARHRBnfy, Withrefétdngé titid ffoking figures agtanickssenbl y 1. 10

Once each magazi ne een loaded) it is carried (in the djirection

towards the right Figi Kayis 2tap Yiewnfanistegrategkciiond sgwipgandsofting i py a
wi de rubber belt 1 a.driven by roller notor 1 g. The magazi ne
gripper 1 h, system gﬁ‘&?h'ﬁc?ébﬁ"%@ﬁ"?@ﬁi}&%h\%gg?ﬁ:l i and an upper gripper 1
h. The nggazine ngii@pﬂE) ﬂslégsk‘f viewofiansdrebf #heé embadimentabig. 1 loekingrini | 1 |

via a gripper block™1 L. S soon as the cassette nmagazine 1 a has been
transferred ttbe ditectienXAahewnyinifiged: 1 h, 1 i, the lower gripper 1i is

activated by a Cyl#igdfrwﬂ]ﬁh',é g%'{a&ég%a tgﬁg[qggg 'r)qs zeé))\{\@hgws‘aqbgdgpsi tions the

cassette mmgazi ne a’f gripper 1 a and the upper
gripper 1 h. RReititly obezémbodimentaf Fig.H; 1 j is then lowered along the

up/down linear rail 1 j, until one o e syubstr s as . in. Lster with a
substrate slot 1 rﬁ'gT%&Wbﬁqoiﬂﬁoﬁ%Jgtﬁﬂ%o&?ii%g{ @@%%?H{}'?g@h ot 1 m by
a pusher n. .ené'm HiPhSH h. 1t J] is then noved to bring another
of the thl‘)"str%syeé?qiﬁgfﬁ‘e cag{s)gttetr?;gg‘:g’z”ﬁe 25 1 ainto register with the
substrate slot 1 riigl 4, which isepmpased ofi Figsudéa)and:4(b)nshows asestion of the
magazine 1 a are sequentially transferred to,t slot 1 m Once the
substrate Ioa@ﬁh@d'ﬂle"g(ﬂ&rfﬁ%t%',nc[ BAHMD ‘fﬂiﬁg}?ﬁ'&l a is shifted downward,
and the magazine GtjsPBE a¥irkt vidwiof 'Edl6asérunit oftheerasdimeht offiig. 110 | i near

rail 1 j. The enpty~ nagazines are placed onto a |ower stage 10.0f _th
regi on ]1 d of tg H%ligaags amnmvgevg_ofthe cleaner unit of t eembgglment off F|g.(%;

20 Fig. 7, which is composed of Figs. 7(a) to 7(c), shows a heating block

assembly of the embodiment of Fig. 1;
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

25 assembly of the embodiment of Fig. 1;
Fig. 10, which is composed of Figs. 10(a) to 10(i), shows a net block

assembly of the embodiment of Fig. 1;
Fig. 11, which is composed of Figs. 11(a) to 11(c), shows a lifter

assembly of the embodiment of Fig. 1;



« The,inlet rail assenbly 2 is shown in Fig. 3(a) in top view, in Fig. 3(b)
in side 5 view looking in the direction Yin Fig. 1 (a), and in Fig. 3(c)
in side viewlooking in the direction opposite to Xin Fig. 1 (a). The
substrate is pushed by the pusher 1 n until it is positioned at the roller
2a. At this location, the substrate 1 b is inspected by the first camera 3.
The i mage taken by the first camera 3 is anal ysed by a conputer system to
establish that the substrate is the correct 10 package type, to check its
alignment and its orientation. If it is detected that the substrate is the
wrong type for exanple, the progression is automatically stopped, then the
substrate can be renoved fromthe system (e.g. manually). After the visual

i nspection by the first camera 3, th e i t q ifftgpve the

substrate onto aFr'%ti{zvé’\Lm ﬁ@mﬁ?sﬁ?{ﬁb%t{%@zggg(ﬁ’ ﬁ%grr b! The rail

supporter i%g@@&b&&ﬁﬂ%@hbddihﬁﬁéﬂﬁidﬂ'ﬁ upper surface, and at this tine
iSO

the 1 ong ax e upper surface is in the horjzontal direct] Fig.
13(a). During t hiRigptdisestop view cfithe tiay l@erﬁﬁ%emhﬁ'e‘?'} Fﬁgi fg'qb&%gggﬁlgbned
using a servo20 notor 2d and bel bdfo &“ﬁééﬁ,ﬁu hdcd vasantitcay 3(a)
i s shown inéfﬂ&tﬁﬁk'f‘glﬂssﬁmp&@?‘é ?pgﬂ}%gasfaed er theS,r ai | supporter 2f;
the rail zsu : dbemptych is linked with an up/down air cylinder 2g
lifts the s%g{'ﬂrlg#gs 1 ‘gﬂfu war ds, out Ogi:,thq F rlr}que)m@) érgowm(éfn&r inlet
rails. Then a serKig. tbtwhichis samPesed o5 figsyd 4(&) 4 1¥'Supporter , and
thereby rotate the bst.r [ ehpbtaeRingsassenitly ofifly. 93; and 270 i n
a horizont a?tr"i‘)f ﬁﬁgkﬁgna%tgﬁﬁﬁabﬁﬁ?ﬁg%b{‘ﬁgﬁgubs%r at esgshoul d_be gorrectly
aligned with the fFig n5chaws thelviaeant rayistackingassamMbinPEFid 2t i on neans t hat
the substrates caninitially have their long axis in the X direction, but
are rotated so that their long axis extends in the Y direction, in which
the dici [ | S elrbodpcntée them 30 r , 11 Once the
substr at irsrB I cripfioh 4 supporter 2f, the substrate is lifted
fromthe frame supporter 2f by a frane lifter assenbly. The frane lifter

assenbly has two paortions |abelled (in Eig. . i y and
A, whi oh ar Eigendcngath ihe airalbpegtcol of AnfiebrAEaRALLIL g andy

hori zont al |'y (g IRVt WiHIh REan BhibddiAehtedfithe igrention: beFigon (@)ghei ewed in
Fig. 1 (b)) By a~servonotor Af. The portion Q;og ncl ud?s a frd %&%ﬂd.n”g
menber Ab, f eystent isi viewet dropuBbove IbISsGHPRAIELOIAVG $REUPPSNR E‘{ﬁ% Frer 2f,
and the portion Ax i.ncl ud 1 e , edlX aade&kpl ai ned

bel ow. TA® flaé‘a\? ?‘?ﬁhf‘gﬁ&cﬁé%a@pghgh?éﬁ%(r)ﬂlnect eg a\??amgﬁkgonduit Al to a
vacuum source for generating a force for 10 retaining the substrate agai nst

the f [ift b Ab. Typically), the f i ncl ud
T e i By ok SRt oS5 Rl ! s
swi tch mechan ﬁﬂ‘g%%f)@g@ﬁ%‘g?g{\?e\'}tﬁfe@ ARSitsTERd 8ysteheis rrticutady suitable for

activated (i Je pressure to the apertup)gs) r  deacti vat ed
(e.g. becausanidgratedmirclitegach iofiwhichcismravided wihamaimay &08%&% AP é&s) .

Af he f lif mb Ab has...n| ' h
frame sugsor (gie of fua pbsegnwtipEnLa)y SEd Fofalds fowsyertichiiomom the
or i entat | on apd. el ABhKeBgof Siter sbris eRiritegeteccircultsyias uescriaad el

| an e

operation of t1ng rotating is

_ _ _ n perforgqeﬁggqfsor it hs 8%%‘.
substrate. ThEhé sabstratestase insesteddnto thesystasm dromyea (Ui A r anme
| oadi ng position of the twi hu 4 i Hredd © 4n Infetshown
in top view i @ssargRly ?matﬁﬁci‘?%&%iégsgghw L lt%%%y%%&?lreﬁ?ﬁg‘égi rection Y of
Fig. 1 (a). | fanida'*sS%HW_Q‘?ﬂt tfis BRagehtheaubbtratesfaresamioed asingaifitstver ti cal
ude

axis, and inc s two 1 dentical sections 4a, 4b i a | ed by

the rotatp®n. caimerd Bamainly to ehecictiad Fh%ulzﬁﬁfaztﬁ%af‘? éﬁ%%er sl E“é&&"é'y‘g

pl aces the suhstrate at ki [ the section 4a on the left side as
 sauBeEndRotff shelh

shown in Fig. rate is retained by suction using apertures
in the chuck table which can be put into conmunication with a 30 vacuum

source. The nir;bdeersscriﬁgd?rr\] get%?l beeellgvr\]/, haevseub%Er%Jteescéésosnt% 4Win‘Ehuk table 4, from

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




«l 7 12 their ends, for entering corresponding apertures 4m 4n on the chuck
table 4, thereby ensuring correct positioning. The twn 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 1 b is cut into singulated
units 7a. 5 Follow ng 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. 4g(i.e. the one formerly occupi ed by
t he section 4b). The section 4b noves sinultaneously into the position
formerly occupied by the section 4a. 10 Sinultaneously with the operation
in which the frane |ifter nmenber Ab deposits a new substrate into the

[ 4a, th df i.s | i d
i ts 7a o dopeTReER7 bt B totmed puserciitifo e, BRSIfF, ald B MLHUA.S' ©
cont ai ns apepg Weseribdt héfe ihA¥4il.surface which are in 15 communication wth

a vacuum source via a conduit Ah, so that the net lifter nenber Aa retains
the singulated units 7a. The suction on the singulated units fromthe

Toves mvay f TDRGiGRS hsleg phss Ui d6theR i  Whef Bi¥sholifed gRteH v t 120
cooper at e5 W pfyshld, dh¢ iandeamsriniies tto adheatingisloskibssembly 7. Frogothené,thehas

just been deposited. Thus, the time during which the tw n chuck table
cooper at es wHnits pags o aﬁlﬁoneirﬂné&Mﬁbwgegcrmeﬂ 'Bid@rﬁ?'%elﬁ?%kbe HB??]af%r t he

deposition o RPSrdeht |stegeady been
di ced. Thus, {"{rﬁggt Fgggﬁ'ﬁ)é&fé a(;%P wleé@le%{rng ncgghqgn\’\é |sd§€?ﬁ§18@ﬂw th as
little tine gpityarsindnareceiveddy an idednit@ssemibly® dadudmgea secend t abl e. 25
The net lifter nenber Aa lifts the singul ated units 7a .to the br nit 5
whi ch cl eans C@M-@“@WF‘M&W&'W}H@%H@“&W%t?tae?gtrm?r%%ﬁnﬁl&g# noves
t he si ng%ated units 7a to a cleaner unit 6, shown in Fig. 5in a view

| ooking ih the direction Y, and in Fig. 6 in a view |ooking in the
direction opfigit(b) slows thEhportions 2 to3lthefithis systemifearp e disectinemarked i | t he

units enter cl eani ne 6 The pr.qj ect.i . : | XE:
apertures at i_t'ﬁ‘ .'Qolbpagf'&?mn%m%rn?ﬁfpmﬁ* fnq[ééaqgﬁ ﬁpln%%gﬁ§wﬁdré&s
supporter 6b ghBahdR thBRifdreanpssitions whidhsit sadcestively adapte duringthe ysemfier s
6¢c and guide posts 6d, until It touches the | ower surface of the singul ated
units 7a. A \(besystesvburce is put into communication via a conduit wth

aperture% in the upper surface of the frane supporter 6b respectively in
regi ster Rith the singulated units 7a, so as to retain the singulated units

7a on the f rmﬁH%mgfé@ﬁni@areTﬁékémapm the netdilbck asfernbly by atlifter f t er
menber Aa is turned off. The frame supporters 6b then noves. down, and water

and air jets asembly 1 hi Therare eandrshectad sy bRl Yaian; 'ES??QHWWQG face of
the singul at er%sgﬁg)thmi 8 wHlef Bx?ﬁﬂﬁ%%h@% ffBiPEeaaths Ae8pubicdystéthiuses ( he

surface havi contact ter the surfaces of the singulated
units 7a car rtjiéigatd bbtased at thisvstepde makecadetgrmimationofdheauglity ofthe j et s 6f

deactivated. The f t 6 ' Iy t
31 moul at 28 uriis, 989 ACEORPAM SaGRDRIDS AE" Feresi 1 Er¥iate tikihito i,
vacuum sour ¢ &ygodgsM 2d et harhadt gy i Resten Positio 20 Ghdelledatham

source of the frane 'supporter 6b is diSconnected. At this point the
si ngul at ed urtrays 72d,d2e arganaved (inithe direetiamwhichvie dovmwares infig Héahet

lifter nenber Aa. The water and air et . i V. ' cl ean
t he ot her surﬁeé%cq}ﬁe%f ﬁ@O ?i%maéygﬁtﬂ@ﬁﬁ%&yﬁ%gs.%ﬁ%'hg §ﬁ%%ﬂgdm5£9 n?‘rg gmthe
bal | grid 25 lggifﬁﬁ? stadkirRy addemnisly aanneay liths szebmibly 12 myovesdbeacat trayf t s
the singulated units 7a and noves themto the up&er surface of a he%aﬁ |_/{19
‘TVis

bl ock 7c 2§ tinemtpesitiony12s tecrepiaceawbichever ofifeaysetdd. A edIaRoer (RIBY
shown in top Xév?v\\/a'cgnt':t'rgj is'thBled td'position 12¢ from a vacant tray stacking

assembly 15.

We now discuss the various sections of the embodiment in detail.
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+30 cross-section when viewed fromdirection Ain Fig. 7(b), and in
Cross-section 14 5 when viewed in direction Bin Fig. 7(c). At this
nonent, the net lifting nenber Aa and the heating block 7c are aligned by
the projections An entering apertures 7d, so that the singulated units 7a
are properly positioned in predeterm ned positions on the heating block 7c.
Once the singulated units 7a are in contact with the heating block 7c, the
suction fromthe conduit Ah is deactivated, and suction is applied via a
conduit 7b which is in conmunication with apertures in the upper surface 7c
inregister with the singulated units 7a, so as to hold the singul ated
units 7a on 10 the heating block 7c. At this point the frane lifter

nbly i t i i . Sl ted: U463 «i@ld th
frame 111t or THS SRl AsR b 19 s FPE W Bl 2 in WA HOAIR FigrbPhn 88T 0,
o ef o abl y 2y o e e e o oy Lne s ane LL{ter acsenbl
refera at |east as great as the tine taken e frane lifter asse
!too perfor)r/n t Kdn &4g. Hﬁ)-éﬂ'ﬁ loader €$§9WVi1niQC\“|d§§ﬁ%émgW ﬂ{‘@ﬁi‘@ﬁtet able 4 to Y

the heat i : |y T iai t e nj i i ,
bna (111 o HleGRE B A regigh gy o P ad e BF e ol dsomeP oTe ¥
opglrat i4;)r5 I(:))f ca$§(jeti(je' Tﬁgaziggswb?}coataiteﬁtnumzer Ofmta%ketfcﬁubstﬂahegamh]cs }[M'ht h the
tabl e . rovi de IS I .S rue e e spee 1 ratl o e

di ci ng machi H@lucﬁngmatn%%%rﬁwwvst a.'%(‘tYPﬁéhY gach eahel lside alz ly takes
to interact %Eignba??Qﬁefw@ids%svﬁﬁith%’ré’ﬁbefmdﬁééfth@nsiﬁ afgngul at ed

units 7a are evdporate eat generated by a cartridge heater 7a of the
heating bl ocintegméebtiycuits; Tare26ay hetZe 3, #ortthpandlsin asinglesubsirate).iAt er

(Tertori ght  lapekoge chepess mapegne fa g dha thpe Todnd Mefier sBepEN1CCE 0T

i ncl udesqg n §zine! 1 had besn fsseabltys farried (IMtheddisactiohat t he
nozzl e A(1j&i S |regecat%£rdmgp %Ihe singul ated units 7a, and( t he nozzl e Ad bl ows

air at the sitowardsttbe right insFiga2(a) thwarda@ magazine gsipeer Ah §i iyt amide 30 t op.

15 The idle lLifter enbl j i b Vall be

rai sed and |59\%9@'&&@%@%%%%ii‘h@ﬁ%tﬁgﬁggﬁpp gdrrgé';r];lﬁ gé“ﬁ%l%rg‘? @85? gg’e in
communi cat i onj W édmBoserF oLaswst gripper di and @ndipper Aripp@héhi The madazéine Ac i s
| onered over the 5 sinqulated units 7a, anﬁi_ t he va1cuum source Iacki Y_at ed so
that the si nguipgeedhuhils instalied an anmpidemn {ingar i@l via 2 OEPReLPIock AL g1 e
lifter A(:l The idle lifter Ac is then raised, noved horizontally (to the
right in Eig. 1 (b)), and then |lowered onto a horizontal surface of a
f1ipper bl ockassomf as thee tassmtermagazing.1alias bheerppansfared te the magazing n t op

iewin Fig. 8(a), and in Fig. 8(b) |ooking in the direct, A
borton of i 1gibPRr 3Pel . 7R OWas aiBRR ! 8 detatel Ry S AN AR YT ect i on
Y. The Tl pPGhablAfid uBerd ThiSPRKIHIOAY kG chveetRAMaBEsinG!fal ity batesen each

contai ning apertures fn comunication w a vacuum source via a conduit
8b. Once t he the hguergrizbarria and theauppegrigripper dh. t he upper surface of the
flipper bock 8a, the vacuum source of the idle |ifter Ac is deactivated,
and the 29 vacuum source of the fli pper unit 8 activated so that the

si ngul ated uni PRI i ks AP then IdWeredreong thd ap/dowin lirtear frail pper
bl ock 8a. Whi Heélinﬁai@g attachp?rent cgnti nues, the fl?g_per gLiCk a i%éé_g% at ed

about a hori 20l ehefithe substrates imin registemwith asubsiiate goh gk Thg st e (b)

and 8(c)) so .20 . i i &eAh

faced upwar d,'sr‘?b%ﬁ%é&@%%%%gﬁ%e (g,‘%tteﬂﬁogty]a% Pgﬁﬁ%r?irﬁﬁlg\e?ﬁa pgﬁabqrg{g)lg 8ayi S

performed by 4 isefetomovedito Being\smotiteriaf the sibstrates fithef Cassetie hagaziney a

ngﬁe][ ag ?2% ﬁmﬁéé&%@%&@@e@ﬁqé{é go? 1 r%?YnS%hiémwla?/P ali'the éulgsmaﬁest. IfRenave
cassette magazine 1a are sequentially transferred to the slot 1m.

Once the substrate loading is complete, the empty magazine 1a is shifted
downward, and the magazine gripper 1h, 1i releases it from the up/down



125 The next section of the systemis the idle block assenbly 9 shown in
Fig. 9. Fig. 9(a) is atop view, Fig. 9(b) is a view |l ooking opposite to
the direction X) and Fig. 9(c) is a view |looking in the direction Y. The
idle block assenbly 9 includes an idle block 9a | ocated beneath the flipper
bl ock 8a. After the flipper 30 block 8a has been rotated such that the
singul ated units 7a face down, the 16 idle block 9a is raised, until the
singul ated units 7a contact its horizontah upper surface. This is perforned
by an idle block lifting nechani smincluding up/down cylinders 9d and

up/ down gui de posts 9e. A vacuum source is then applied in comunication
with apertures in the upper surface of the idle block 5 9a, to retain the

singulated upits 7a on.the idle block. The vacu ipper
unit 8 is t nbReareal i Ehesm E‘%g&Flé‘eﬁlaé%LP'aé%%i@ﬂb%g'ﬁc‘{ég\?ggrgeetﬁg&ﬁ”r?? The
i dl e bl ock 9??@@@ 18l st fodiredsEmblyzental [y (in the left-right direction
on Fig. 1 (b) y a forward-backward cylinder 9b along a horizontal rail

9c. This is 10 done until the idle block 9a is no | onger beneath the

flipper block,8a., The idl C e idae.

Usi ﬁg dat a c§|hPéE'PEaa'b©S§aﬁ’aﬁ&%‘éﬁﬁaﬁﬁﬁﬁf@oﬁ%m@? IiSsv;/}es\tﬁ’ei?‘nqt:;ti é? esgltd%e

mar ki ng sgat qﬁavamékﬁ@ﬁith'e@ire@fiorﬁ einFiggl(ehtard! imrffigs3(ca in sideeviewdaoking i s
Srray).  nd inite dreconnpastEde SaFidg!a e SURSTAaNS RushIgY Wt us o
array), :

condition. Thi L& 510 : t ; f as
descri bed belrb&%})".g'aﬁrﬁghlﬁ'dﬂas é)f%‘éﬁyeéfagﬁggg ﬁ%rt %fité@l%ﬁﬁ%éitﬁfni, !{ugé g%%ééf&gl(.lr face
i s approxi mati¢l iy imgpeicted byt first ghmess 3t ke ippge takert by thefirst namera gaer

Convent ent |y BDEIYSPOIE GOMRURTBIETTHE et BnhAENe R IS et
lifter Agyis deagwggémfté\éﬁ] c{wﬁék 6 BAGHABARCantts BricARion! F itis cletsdted tiate AL

agai n actrvat e singulated units 7a. The vacuum source of the
i dl e bl ock 94hé substeateds the iwvang:typeTive example, ithe progsessien isautamatigally nove

net bl ook asuRRes Teen sl CBR Bt 2R icin Be ke 0L IGh P Ep AUk ng
in the direction opposite to direction X, Fig. 10(b) shows the net bl ock

assenbly looking in direction Y. Fig. 10(c) is _a top view of a net block
10a of the neAfterithe Wisuss inspegtiarnby thefirst camera §¢ the kllshsaneiptaied et bl ock

nbl 0 | d i f g onl i
o enl ar gBa (Bpve BRI, ohit a8l slpSiter A1t Ph BodHEY S StopDER 20 FhE) 1 S
enl arged Vi ewafllsuppoAét isdinscd gEnhdrall}0é¢etangilap appéO§gface) andCatihisdinvetheno
cross-sections t hr _ougfh t he net bl ock '10ﬁ iIn.r esgﬁg.tl ve mut Hal I1§ transver se
vertical pl arleBg axisOf the upper surfass isndhe horzental grestionon Fig. 1863 at es t he

During this process, the spacing of the inlet rails 2¢ is aligned using a servo-

20 motor 2d and belt 2e. Once a substrate (which in Fig. 3(a) is shown including
four panels 1b) is located over the rail supporter 2f, the rail supporter 2f, which
is linked with an up/down air cylinder 2g lifts the substrates 1b upwards, out of
the horizontal level of the inlet rails. Then a servo motor 2h and belt 2i rotate
the rail supporter 2f, and thereby rotate the substrates 1b. The rotation is

25 through 90° or 270° in a horizontal plane, in order that the substrates should
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.
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operation of the net block 10a. 10 As shown in Figs 10(a) and 10(b), the
net bl ock 10a of the net bl ock assenbly 10 is supported on a rectangul ar
plate 10j rmounted at the top of a vertical shaft 1 On The shaft 10m can be
reciprocated (in the left-right direction in Fig. 10b) by a servo-notor

10b. The shaft 10m can be rotated by a servo notor 10L via a rubber belt
10k. 15 As shown in Fig. 10(e), the top surface of the net block 10a has a
nunber of pockets 10d corresponding to e nunber of singulated units. The
pockets 10d are arranged in groups 10c correspondi ng in nunber and
arrangenment to the singulated units 7a obtained froma single one of the
substrates 1 b. Al of 20 the singulated units 7a fromone of the

a7 oups. 10¢. Oms eckietaies raried By GEREHS YiRREr pranéifipstnie I 172
to as "anvil T o e dUpbote? 2b¢ affﬁérﬁﬁqiﬂéyagsemulynﬁheﬁl@m@bﬁef surface of
t he net bl oé%"lg] agiéancﬁ)

directi on axssh has fw glnil(}(f‘g;itag&%&h iQ (ligfeé!‘l?eg;télg Aké?\phe 'upper
curved port?gﬁsmg‘w lgs o e ta e]19§h gcﬁfgdﬁaﬁ Hhd ﬁugfoﬂ\tany nar pgl ots
in1 Qg in tWichareH “Qeeﬁmﬁ’%’ §hown In E h). An advanta e of this

formng ighe rﬂa%‘tﬂé%%é’théh(lﬁ thigueft-rigist. dlretﬂ:tleIaStMe inbiddiliy)) PXtA3FNP- ri dges
10e extendi ng over t

f th b
di Tect| ons) mtariAt The poeamAY ieaudeRe fapis 10 nm'ﬁﬁ%lﬂﬁa*ﬁé'ﬁ‘*@” Por med by

grinding. Each of the po dM artioe #peintiudes @ondui t
10i whi ch caﬂﬂ@? H?Eqrﬁ%igbﬁéﬂn%ﬁﬁh%a%l{bg&wrﬁag‘ vmmlsourceg\beﬁ'ﬁbhat one

of the singuh|mer m@ﬁsg.t Aawhichris eepladted bejawi Thereme iitieg me

connection between the condui ts and the vy channel
in the shaftlsmnn&ﬁwdawe@rﬁﬁnqu‘tl/éﬁo aAY"’lcé‘runb &%#Lfghégﬁénﬁﬁ sb amlk% 1?|§)Iraced

el e e e W ARG

Ca, and the shaB %’ﬁ of the anvils
1 Ce, 1O nﬁaﬁﬁaltfhﬁg rﬁdmbenv\buitﬂudna:@mmqw @peguaﬁﬁ% W& h respect to

the net block 1 GCa. That | s, ther reduces the
risk of a faBDmeéJfbﬁ‘;atﬂlQ:WGBth%F%?&'*\é'[2‘?‘&?‘#{ F%Chgﬁ "é’|t|s‘g§“n@2t property

woul d be usef iSe VEESUAGOUNdeDisi autivated: (he. appiiasi megativei . e. i f
the flipper 3% ﬁﬁﬁ%swb(rﬁr{é?éﬁe, and/or if the singul at ed 1 OHQE ﬁ;‘ di d not
Sl

have a bal | - grésbume ltca;he M@ersbpédQ%@CthﬁtQ%@% e it ig 1o ated units
7a are noved in the d rectmg }%ﬁ SS the lifter assenbly 11A at the rear
portion 46 t EOMYYYRIE ang RaP g% Fig. 1 (a)) by a servo motor 1 Ob
whi ch drives the net block 1 Ga. 20 During this tinme, notor 1 OL is used to

t at haft 10m The lift bl t [ ,
n Fig. 11 (iaftérdbadiae tenmmempebAl uas BippeN pa 15t Subkifleiforitt e 3

| ook the d orilrtatiomant . g.
2t I'east { nr GUPPBSE A A (A Subpor 2t RIS Py o B eﬁmﬁidg

hori zontal |y Kdightt sbitidttit &an Fecgawe’La (rm)nb sui;stl@te e'B}fé@Pﬁ?r\?é'OT‘m g

actuator 11 c. Each unit lifter cl udes a nunber (e. g at
| east fowr0) ofotatingsisdhen REIMOIMAES| Jﬁ?t“q\o‘f ?l%%s?rdtélll b. Each individual unit

lifter 11 b is actuated up and dovvn by a respective individual |inear notor
11 d. Once the servo notor 1 Gb has noved the net blqck 1 Oa,. ’ﬁé 619 {)H%frear
of the systenThe fiaaié titercdssebiytansless theisubstiate i adtame lgading P

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

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

25 capable of rotation around a vertical 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

30 vacuum source. The members Aa and Ab each have projections Am, An at
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assenblies 11 a into register (in the direction Y) with one of the rows of
singul ated units 7a. Each individual unit lifter 11 b lifts a respective
one of the singulated units 7a, and noves the lifted unit in the direction
i ndi cated by the arrow 11f to be above a ball vision inspection canera 1le.
5 There may be any nunber of cameras) 11 e, and, like the net block 1 Oa)
each of the caneras 11 a can be noved in the Y direction. In Fig. 11 (a)
there is just a single camera 1 | e) whjgh is shown in three possible
positions spaced apart in the Y direction, and novabl e between these
positions, as indicated by the 10 arrow 11 g. Thus, each unit 7a can be
phot ogr aphed from beneath in any 3-di nensional position relative to one of

the caneras 11 e. Note that the ball S %, The
2-D i mages ﬂtﬁﬂt%ﬂ@dﬂkﬁﬁﬂtﬁ@n%gﬂgﬁ%{?ndﬁé 388ﬁy%%ht 4&% tt("}gadi1| ggﬁrrgﬁlgr system

for inspect tighing. EAE twinscrasit tabletcblsr@rrmgedwt@ bal | s.
For exanpl e{ﬂ%‘ﬁ?ﬁggn%rﬁ’rﬁ#?rrg&rﬁﬂsﬁ have becone det ached I]“rom 3 i ntegrated
circuit) this- tbamﬂeadmhgmﬂ@’tlm%lpbﬁﬂ(f‘gw V@ﬁ; gicss) 6? this nay
i ncl ude determ ni ng. spphi st td/BinglatédiahiteFat hei r
of fset rel acA§eet t%q%“ B%e rd‘ prggﬁfll&gé\gﬁ ZPﬁégggma&narnpt i/raand their

var page. g 20 H3pswth qomet&uﬁgdﬁé@hntmmbl@mtemm& 0feahastt its cenirabyerticd aXis | i er
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table cooperates with the frame lifter assembly is efﬂmently 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.

25
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 6, 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
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20 stacked in the assenbly 13. Simlarly, 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 abnor mal
tray stack unit 14. At the abnormal tray stack 25 assenbly 14, the trays
filled wth abnormal units are renoved fromthe plate 12j. and stacked in a
section 14a using a drive systemlocated in a section 14b. Usually, at

| east 30 trays nay be stacked at this pggition. The structure of the
mechani smfor renoving 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
nuner al s 21 12d, 12i, 13) 13a, 13b, 13c, 13d are replaced by the units

12e, 12j, 14, l4a, 1l4b, 14 4d ' I g4y i bed in

one of the Bﬁb'if@!i’ﬂﬁmESFéﬁﬁQW%ES, u@ﬁm?r%‘té’lg b?; %V&%@ngzogg?oéjml tray 12e
|5 removed, oldigciidiiad bhfed resfiictivé Spertaras atthbliep vhthncloaning unitBiinto its
pl ace. The Bo rtion the vacant tray 12c fornerly occupied is filled with a

new vacant tray by a vacant tray supply assenbly. The vacant tray supply
assenbly 10 consists of § \ Elebhereit 6 is asisad byr ays are
stacked in §"?‘HE?%?\°% %ﬁé@r%%gbﬁpmﬁﬁg?ﬁgﬁdﬁ ve unjt |ocat e(& in
section 45b phRlAfatcaylindérsiée amd guisleqdsts 6@, untjlitpuches thedpwey sffafast 30
vacant trays), and a |linear conyeyor 15d whi e PR al ong a
track 15c fofihe aiaguladethunits %?- té’@Huﬂﬁqurﬁé?{]B&tqﬁ%eb %&oglilontlfgcﬁd'?’he
structure of ' C ' i rfadelofthe frame supparterBd, and in Fig.
15 | ooki ng i%@k@%r%ﬂ%%ﬁt@@?ﬂjt ai n ot her arrangerIent t he nunber
of these tragspatively inadgiskemwitix thepsingulatecsenits Tar3uat 0 BB enbodi ment
abnormal units 7a may be further classifi agnard idry 8Ethef

abnor nal i ty singylategrynits £3 B%th?h@%smﬁmb' Eﬁlgt@e%ét{&hﬂé'ﬁ&gsewpl aced in
one of nu he n%@ﬁ@ Ui ys according to the type of abnormality
i denti f?'é)d. r%qthﬁgﬁg on%rnﬁé i¢firhod b

y a single enbodi nent of the invention has been
described in detail many variations are possible within the scope of the

invention as_w |l be 25 c|ear,.t Idel ecﬁﬁije‘ﬁ, afd 4t Piteef dre A system
for invertinfh@frame %‘qu‘?deé'glﬁgttﬁﬁﬁﬁ&é&i urﬁl’i ts ogttez;i ned b}Et _
initiated to remove dust and debris from the surface of the singulated units 7a

which is facing upwardly (recall that this is the surface having the ball

15 contacts).

After the surfaces of the singulated units 7a carrying the balls have been
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

o0 lifter member Aa. The vacuum source is again initiated using the conduit Ah,
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
liter 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

25 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
30 cross-section when viewed from direction A in Fig. 7(b), and in cross-section




+ singulation of a substrate, the systemincluding: 5 a flipper unit having a
retention mechanismfor retaining singulated units on an inversion surface
of the flipper unit; a drive mechanismfor noving the flipper unit between
a first configuration in which the inversion surface of the flipper unit
faces upwardly and a second configuration in which the inversion surface
faces downwardly; 10 and a first transport mechanismfor |ocating the
singulated units on the inversion surfagg, and a second transport system
for renoving the singulated units fromthe inversion surface; whereby the
first transport mechanismlocates the singulated units on 15 the inversion
surface of the flipper unit, the flipper unit is noved to invert the

i nversion surface, and the sec [ ik i t ed
Ut tS f rom Weniowsd in TECRFEAIN Fid. YRR A inis WORENt R HEPlfig reroey &L 6 |
the flipper aunidd i R@atHgSlobR 7 c e aiigheh b ehenprojectining Amentegindat i ons by

rotational notion about an axis. 3. A system accordi to.claim1l or claim
2 in which talpeﬂu&%?d,imthﬁémﬂaﬂﬂgﬁﬂaﬁﬂﬂﬁ't)% aé%P[ﬂ%ﬂr&?RP% °’§S’Ie'ﬁ]t ures on the

i nversion surface and ' #RQ the apertures to a vacuum
sour ce, wherpé%@ectggnmgﬁqog‘ﬁt%@nnérigﬂefalg%qtﬁgz}ﬂtsgﬁ ?E'e singul ated units. 4. A
system Sgcorfli ng toclaiml in which the first transport nmechanismis
arranged to |ocate the singulated unjts qn th 'nVﬁé ' iBUk 7acfeof the
f1ipper uni tOngesthetsingulg %@tszaar‘% &?%ﬁa%&}%ﬁ}ﬁw %h@?ﬁg {&cORd
transport . | ' ¢ i corsd Uit

P c;ﬁl%ﬁﬁﬂ&ﬂ?i%%ﬁt{tﬁ% A@[l}??éaétﬂlaféii'%\‘\ﬁ duttiosii® appiecedancomuit om

the inversi ace ace is directed downwardly. .5. A system
accor di ng t o7iswhic g inf comneunicatidnuitn @perures ie the JPRERBY %%ﬁcﬁ‘for upwar d

The i nul airedisenwin e SR ehuRis 7ol RER I BRI BIRNBION T |

contact it Rafuiscicref ace of the idle block, the retention mechanism
bei ng arwangtgg r{é(r)a%rgl ease the singulated units onto the transfer surface of

the idle block. 10 6. A systemaccording to claim5 in which the transfer
23{; 2;? of 1R thiisdyl)gin LK A RGIHAT SR BB i BT cARPIRG Hithel SubSirateydpuum
singulated 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 substrates
15  1bis preferably at least as great as the time taken by the frame lifter
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
(iii) picking up a new substrate(s) 1b (i.e. all portions of the operation of the
lifter assembly except that in which it interacts with the table 4). Provided this
20 s true, then the speed of operation of the dicing machine is not reduced by
the time the head lifting assembly takes to interact with the other units.

Any drops of water on the singulated units 7a are evaporated by heat
generated by a cartridge heater 7a of the heating block assembly 7. The

25  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

30 top.



7. A.systemaccording to claim5 or claim6 further including an idle block
15 drive nechanismfor moving the idle block laterally from beneath the
flipper block. 8. A systemaccording to claim7 in which the idle block
drive nechanismis operative to raise the idle block to a height at which
the transfer surface is 20 proximate the height of the inversion surface in
the first configuration. 9. A systemaccording to claim7 or claim8 in
which the flipper unit includes a secondgnversion surface opposite the
first surface, and a second retention nmeans for retaining singulated units
on the second inversion 25 surface. 10. A substrate dicing and processing
system the systemincluding: a dicing machine for dicing a substrate

l ocated on a chuck to forma plurality of singulated integrated circuit
units; 24 a flipper unit having a retention mechani smfor retaining

si ngul at ed Uﬂhé I8 T8 abutBbIy Aninelideac idfe Niffer Ad whivhrcambe raised andt
transport mechanismfor noving the singulated units fromthe chuck.to the
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10 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
8b. Once the singulated 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

15  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.

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
20 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
motor 8¢, 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 face
down.
25
The next section of the system is the idle block assembly 9 shown in Fig. 9.
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
30 block 8a has been rotated such that the singulated units 7a face down, the
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10360t 10% ( unltX3ardphdike the balb gadaray), and (i)de\n%iliéslany units having an

15 abnormal marking status or condition. This data is stored by the computer

system for later use (as described below).

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
20  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
its vacuum source AL again activated to 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

25  block 10a of a net block assembly 10.

Fig. 10(a) shows the net block assembly 10 looking in the direction opposite
to 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 biock assembly 10. Fig.
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Fig. 10(e) is an enlarged top view of a portion of Fig. 10(c). Fig. 10(f) is an

5 enlarged view of a 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 illustrates the
operation of the net block 10a.

10  As shown in Figs 10(a) and 10(b), the net block 10a of the net block assembly
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.
10b) by a servo-motor 10b. The shaft 10m can be rotated by a servo motor
10L via a rubber belt 10k.

15
As shown in Fig. 10(e), the top surface of the net block 10a has a number of
pockets 10d corresponding to the number of singulated units. The pockets
10d are arranged in groups 10c corresponding in number and arrangement to
the singulated units 7a obtained from a single one of the substrates 1b. All of

20 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 10a,
25 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
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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
5 be put into communication with a vacuum source, SO that one of the
singulated elememts 7a can be retained in the pocket 10d. The connection
between the conduits 10i and the vacuum source is via a channel in the 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
10  of the pocket 10a, and the shaping of the anvils 10e, 10f means that the unit
7a becomes properly aligned with respect to the net block 10a. That is, there
is a "self-alignment", which reduces the risk of a failure of pickup later. Note
that this self-alignment property would be useful even if there were no flipping
in the embodiment (i.e. if the flipper unit 8 is omitted), and/or if the singulated
15  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

(i.e. the top of Fig. 1(a)) by a servo motor 10b which drives the net block 10a.
20  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

25 assemblies 11a, each of which is moved horizontally (left-right in Fig. 1(a)) by
a respective linear 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

30 the rear of the system, rotation of the net block 10a brings each of the lifter
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singulated units 7a, and moves the lifted unit in the direction indicated by the
arrow 11f to 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

in the Y direction, and movable between these positions, as indicated by the
10 arrow 11g.

Thus, each unit 7a can be photographed from beneath in any 3-dimensional
position relative to one of the cameras 11e. Note that the ball grid array is
facing downwards. The 2-D images captured by the camera(s) 11e are input
15 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,
this may include determining sophisticated parameters of the units, such as
their offset relative to a preferred position, their coplanarity and their warpage.
20
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 to move the unit is normal or
abnormal. According to the result, the computer system controls the individual
25  unit lifter 11b to 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¢
30 into the place of the removed tray. This performed by a tray lifter assembly 12.
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tray lifter assembly 12 looking in the direction X, and Fig. 12(c) is a view of the
tray lifter assembly 12 looking in the direction Y.

5  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
positioned. The conveyor 12b carries a tray lifter unit 12a which in turn is
capable of lifting a tray.

10
The structure of the mechanism for removing the full normal trays is shown in
Fig. 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 12i and an abnormal tray plate 12j. When the normal

15  tray 12d is filled, the normal tray plate 12i it rests on is conveyed in the
direction opposite to Y along a track 13c by a conveyor 13d, to a normal tray
stack assembly 13. At the normal tray stack assembly 13, the trays filled with
normal units removed from the plate 12i and stacked in a section 13a using a
drive system located in a section 13b. Usually, at least 30 trays may be

20 stacked in the assembly 13.

Similarly, when the abnormal tray 12e is filled, the normal tray plate 12j 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
25 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
14b. 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
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12d, 12i, 13, 1&:%3{6,_’130, 13d are replaced by the units 12e, 12j, 14, 14a, ’

14b, 14c, 14d respectively.

Whenever, as described in one of the preceding paragraphs, a normal tray
5 12d or abnormal tray 12e is removed, the tray liter unit 12a carries the vacant
tray 12c into its place.

The position the vacant tray 12¢ formerly occupied is filled with a new vacant
tray by a vacant tray supply assembly. The vacant tray supply assembly

10  consists of a vacant tray stack unit 15 where vacant trays are stacked in a
region 15a under the control of a drive unit located in section 15b (preferably
this unit should be capable of storing at least 30 vacant trays), and a linear
conveyor 15d which conveys vacant trays along a track 15¢ from the vacant
tray stack unit 15 to the position 12c. The structure of this mechanism is

15 shown in top view in Fig. 13, and in Fig. 15 looking in the direction X.

Note that in other arrangements 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

o0 abnormal units may then be placed in one of a number of abnormal unit trays
according to the type of abnormality identified.

Although only a single embodiment of the invention has been described in
detail many variations are possible within the scope of the invention as will be

25 clear to a skilled reader.
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Claims

1. A system for inverting a set of integrated circuit units obtained by
singulation of a substrate, the system including:

5 a flipper unit having a retention mechanism for retaining singulated
units on an inversion surface of the flipper unit;

a drive mechanism for moving the flipper unit between a first
configuration in which the inversion surface of the flipper unit faces upwardly
and a second configuration in which the inversion surface faces downwardly;

10 and

a first transport mechanism for locating the singulated units on the
inversion surface, and a second transport system for removing the singulated
units from the inversion surface;

whereby the first transport mechanism locates the singulated units on

15 the inversion surface of the flipper unit, the flipper unit is moved to invert the
inversion surface, and the second transport system removes the singulated
units from the inversion surface.

2. A system according to claim 1 in which the flipper unit is mounted for
20 motion between said configurations by rotational motion about an axis.

3. A system according to claim 1 or claim 2 in which the retention
mechanism includes a plurality of apertures on the inversion surface and a
mechanism for connecting the apertures to a vacuum source, whereby

25  suction can be applied to the singulated units.

4, A system according to claim 1 in which the first transport mechanism is
arranged to locate the singuiated units on the inversion surface of the flipper
unit when the surface is directed upwardly, and the second transport
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mechanism is arranged to remove the singulated units from the inversion
surface when the surface is directed downwardly.

5. A system according to claim 4 further including an idle block arranged

5 for upward motion relative to the flipper block from beneath the flipper bock
until the singulated units retained on the flipper block are proximate to or in
contact with a transfer surface of the idle block, the retention mechanism
being arranged to release the singulated units onto the transfer surface of the
idle block.

10

6. A system according to claim 5 in which the transfer surface of the idle
block includes apertures connectable to a vacuum source.

7. A system according to claim 5 or claim 6 further including an idle block
15  drive mechanism for moving the idle block laterally from beneath the flipper
block.

8. A system according to claim 7 in which the idle block drive mechanism
is operative to raise the idle block to a height at which the transfer surface is
20 proximate the height of the inversion surface in the first configuration.

9. A system according to claim 7 or claim 8 in which the flipper unit
includes a second inversion surface opposite the first surface, and a second
retention means for retaining singulated units on the second inversion

25 surface.

10. A substrate dicing and processing system, the system including:
a dicing machine for dicing a substrate located on a chuck to form a
plurality of singulated integrated circuit units;
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chuck to the inversion surface;

5 a drive mechanism for moving the flipper unit between a first
configuration in which the inversion surface of the flipper unit faces upwardly
and a second configuration in which the inversion surface faces downwardly;
and

a second transport system for removing the singulated units from the
10 inversion surface;
whereby the first transport mechanism locates the singulated units on
the inversion surface of the flipper unit, the flipper unit is moved to invert the
inversion surface, and the second transport system removes the singulated
units from the inversion surface.
15
11. A system according to claim 10 including at least one further transport
system for transporting the inverted integrated circuits while retaining them by

suction applied to their upper surface.

20 12. A method for inverting a set of integrated circuit units obtained by
singulation of a substrate, the method including:
locating the singulated units on a generally horizontal inversion surface
of a flipper unit;
applying a retention mechanism to retain the singulated units on an
25 inversion surface of the flipper unit;
moving the flipper unit to invert the inversion surface; and
removing the singulated units from the inversion surface.



