1 System for manipulating singulated integrated circuit elements Related applications The present
application is one of a group of four applications sharing a priority 5 date and entitled respectively
"Supply mechanism for the chuck of an integrated circuit dicing device", "System for manipulating
singulated integrated circuit elements”, "Net block assembly for an integrated circuit dicing system”,
and " Quality control system for integrated circuit dicing system". 10 Field of the invention The present
invention relates to a sawing and sorting system. The system interacts with, or includes, a dicing
machine which saws ("dices") a substrate with many integrated circuits formed onto it to form
individual integrated 15 circuits. The invention further relates to apparatus for use in such a sawing
and sorting system. Background of Invention Conventionally a plurality of integrated circuits are
formed simultaneously o8 gstathdemimangudtdinsubsiatetenihteesubstonieus giemdiged to form
individual integrated circuits. Apparatus is know for feeding substrates into such a dicing machine,

and for sorting t eqlé&gg ' tﬁgn%ircuits. One type of integrated circuit which is becoming
increasingly popﬁzmﬂ%%‘rg 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
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theballs 5 date and entitled respectively "Supply mechanism for the chuck of an

integrated circuit dicing device", "System for manipulating singulated
integrated circuit elements”, "Net block assembly for an integrated ‘circuit
dicing system", and " Quality control system for integrated circuit dicing
system".

10 _
Field of the invention

The present invention relates to a sawing and Sorting system. The system
interacts with, or includes, a dicing machine which saws ("dices") a substrate
with many integrated circuits formed onto it to form individual integrate'd

15 circuits. The invention further relates to apparatus for use in such a sawing
_and sorting system. |

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 cifcuit 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



2 facing upwards. It is known to perform a limited number of sorting operations 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 5 performed on the basis of a batch of units produced from the same
substrate, and that batch of units is rejected as a whgle if a fault is identified (e.g. because itis
discovered that the alignment of the substrate with the lines cut by the dicing machine is not

sufficiently aceahielsRSPusing itipracespdipmitsiaiedtandied dydtadehsgdperdiomh she
integrated circuits at the edges of thejr uPper surfac@q*aétge margjinT é?’hiith are.PugAlnard.Sof the area
of the upper sii9a2i8g'HatRIdAIEGRE DN Grl WriR YNl L U Fad (W3 &Ethe risk of
damage beingdgaaiedhasaigarasidalisurdeweartdchtiiie kanglingeopenitqreissa Tiftideltedné, and is
becoming increasingly 15 more difficult as the size of the integrated circuiis falls and the rgin
around the bé@@ﬁﬁ%&ﬁ&%ﬁﬁﬁk@%ﬁﬁﬂﬂéﬂ%ﬁ theé ﬁﬁ?/%m’%ﬁ'l'%i%ghg‘Fg)r%rs%('ecn@?ﬁv%g |8§Sal{§1%s) o provide
a new ang usglstfspsiednoiotaasugidaiing bie inté grsite ¢ mchuisdsingul dtedsayre dicrgratechine. It
further aims to provide a new and. useful dicing, system including a dicing 2 ine
mechanism fof Qﬂé\ﬁﬁﬁgﬁﬁ% ﬂ?t%ﬁ\%tésdr@&?}ﬁg ﬁyﬁ&@t‘élleb'y?h%& i(':?nlg% rﬂa%:ﬁ%ggﬁ'fﬁaét%gsgct of the
present inventias ifigirfieeddnieititmelaRhAsatofthaesparitod theviireentimaentibhyidhiefined in claim
8. Athird aspg_ct of the&resent invention. is defined in c}aim 10. 2a
icing machine Is not sufticiently accurate).
10 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 outward
of the area of the upper surfaces covered by the ball grid array. Contacting the
circuits there reduces the risk of damage being done to the array of balls.
However, this handling operation is a difficult one, and is becoming increasingly
15  more difficult as the size of the integrated circuits falls and the margin around

the ball grid array shrinks.

Summary of the invention

20
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
25 machine and a mechanism for manipulating integrated circuits singulated by the
dicing machine.
A first aspect of the present invention is defined in claim 1.

30 A second aspect of the present invention is defined in claim 8.

A third aspect of the present invention is defined in claim 10.



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 electrical contacts which face away generally
upwardly from the chuck, a 3 mechanism should be provided for flipping the singulated integrated
circuits so that the electrical contacts face generally downwards. An advantage of this is that when the
singulated units are subsequently 5 supported, by sugtion from above, their electrical contacts are on
the opposite face. Thus, even if the electrical contacts are close to the edges of the integrated circuit
(as in modern N?'@ﬁgﬂﬁwmﬁﬁ@?ﬂi@ﬂm@@dhww&m tintefesedidthghsy steppdntvapietation, nor be

damaged by it. 10 As described below, this concept is particularly useful in.a system in which the
integrated cir&ﬁ@%ﬁ@%ﬁﬁf&ﬁﬂ%éﬁﬁﬁdﬁéﬂ@&iﬁ%ﬁ%‘%i j@ﬁ: WP %rﬁ%ﬁ?ﬁt@ﬁ%réﬁi{‘s‘? because it

means that the|spere Ffrigkdhg Whidhdivickialvintegratedligingpitandn rermtiad dhigickr df the contact
(e.g. balls) are facing upward then the sorting speak (with picking up and placing by individual 15

pickers) is obstructed by the high density of the ball-count in modern BGA packages. However, if the
integrated circuits are flipped to face down, and then the integrated circuits are picked up from the flat
moulding area, the picking up and placing does not take so long, and in particular may stop being the
process which limits the overall speed of the system. 20 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 25 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. PlIs. 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 4 The
inversion of the singulated units may be performed by depositing the units onto an upwardly-facing
inversion surface of a unit (a "flipper block™) which is arranged to rotate about an axis (generally a
horizontal axis) so that the inversion surface faces dovgnwardly. 5 Note that this is usually much more
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 by suction), 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 circuitsegbalisrorshouinebkipperideit dortfimipisgfacesinbichicat e gratetbeiriadtsontacts

(since these co glg} j ated circujts exit the sawing process), anql gaps
between the ba:}gsegr%{?rﬁe% S%I%f\g{tc?(ra 0 \g?és? %é%geﬂgv%%?éghgﬁﬂ{o TR Wt%ré%Suction. (Note that this related
to the reason that the balls face upwards when 15 they exit the sawing process: the substrates are

making the whals R S R e o

making the whole substrate unstable and to som _ _
mechanismTor rR4gpRItEthd¥iayatinsdrontsbovetiied inlartionlstofdeetduiagthih e peradisite This

mechanism mayipelufii R RIVER Y REANBHNISS BUARRTY s bR Iipper ok i pljgast one of the
apertures in register with each of the integrated units. The apertures can be
integrated circuit (as in modern units they increasingly are) they will not

interfere with the support operation, nor be damaged by it.

10 As described below, this concept is particularly useful in a system in which the
| integrated circuits are subject to a quality check which individually sorts
integrated circuits, because it means that the speed of picking up individual
integrated circuits can be much higher. If the contact (e.g. balls) are facing
upward then the sorting speak (with picking up and placing by individual -

15 pickers) is obstructed by the high density of the ball-count in modern BGA
packages. However, if the integrated circuits are flipped to face down, and
then the integrated circuits are picked up from the flat moulding area, the
picking up and placing does not take so long, and in particular may stop being
the process which limits the overall speed of the system.

20 ‘ | _

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

25  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



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 faci_ng surface. The
upwardly facing surface of the 5 idle block moves vertigally upwards relative to the flipper member
until the singulated units are proximate to or in contact with it. The singulated units are then
transferred from the flipper member to the idle block. This may be by disconnecting the apertures in
the flipper member from the vacuum source. 5 Optionally, apertures in the idle block in register with

the singulated uiiite in@erbiepuifittie smgﬂm@@filiﬂfs\m@y%‘éﬁgé%}% &8 SR RIS enenits on the
idle block. The idle. bloclﬁ is then moved away from the flipper block. This may '|n|t|allg 10 include
moving it doan\l/Ja?r'(t:ﬁyol% Qi ngq?i)ﬁﬁa%(f'ﬂﬁ)mefﬁ@w&éjﬁfl%ﬁ Yrareribis allenabbiaciaterally from

beneath the flippeniblotkaPangedrwvedisabhensatibgdirraaoshdhedeiaibionk wayHae moved

vertically so that jts surface carrying the singulated units is at approximately 15 the same heig_h_t as the
surface of the flit}ohpee‘rrgll%@oaﬂ ﬁ%%%% @fé(?stﬁ;;)yﬂ\f{ﬁ%‘{ d units were deposited onto it. This facilitates
use of the same lifting assembly to move the singulated units onto the flipper block and off the idle

gonerally permit eurar 1Uhgs L7 AN ATHER TR lRIUREY WPBoRsal e A o ResaEa brection.
The flipper blockofdgapgdhellyimyllaiednystsiontsusfsoeizaon sFehepmpsitelinit which faces
down (e.g. retaining the singulated units by suction), 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 these contacts face
upwards when the integrated circuits exit the sawing process), and gaps
between the balls and the surface of the flipper would tend to break the
suction. (Note that this 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 leadingv 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



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. 6 A control system is provided for controlling and
co-ordinating the motion of the flipper unit and idle block, and also apparatuses which move
singulated units to the flipper unit, and remove singulated units from the idle block. 5 Brief Description
of The Figures Preferred features of the invention will now be described, 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 sortiigedyisickryadvie m@amgngrbhqdwa‘d e aélditwﬁt@m@mpi;ﬁbﬁg}elrﬂwz 'ﬁrﬁ%ﬁidﬁéﬂew of ad
t of the embodiment of Fig..)] looking in, t jrection Y shown in Fig._1; Fig. 2, which is compose
g? Ir:igs. Z?a) to 2?&15'9&]:%%{ ﬁ%{g(ﬁr‘e Qggém thé '@nQBBEﬁméW}BfthiBhﬁ;ﬁgi@%e\y\ﬁqdiwgs&fﬁposed
of Figs. 3(a) to 3(b)3r$htawsfarireietfraﬂw'MWM%@QW&WM@I@M?@HGMS ﬁ}ggdoé’\’diych is -
d of Figs. 4(a) and.4(b), shows a sectign of the embodiment of Fig. 1 including a twin chuc
fst?eeos}z. 50 is agﬁfgf%‘)g’ﬁ% %‘Sc%%r?@reﬁmf%? fﬂé%rf%ﬁ%@?ﬁ’g%ﬁf .r‘im:%.%é’ FCHEECHAY Few of the
cleaner unit®f the eticbadimepeeaiurds. it; t128 iBig. HlovkiehrigkemesedHe Figgulddtams)msiyows a

. H H . 1- .
heating block asgee rBBMn%tQSne\mBg%g‘g%rrl}t v?/fltﬁlg vacuum source, to retain the units onthe

idle block.

The idle block is then moved away from the flipper block. This may initially
10 include moving it downwardly relative to the flipper block. The idle block

preferably also moves laterally from beneath the flipper block.

Once removed from beneath the flipper block, the idle block may be moved

vertically so that its surface carrying the singulated units is at approximately
15 the same height as the surface of the ﬂipper block at the time that the

singulated units were deposited onto it. This facilitates 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 movement in 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 downwardiy, 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.



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; 7 Fig. 12, which is composed of Figs. 12(a) to 12(c), shows a tray lifter assembly of the
embodiment of Fig. 1; Fig. 13 is a top view of the tray lifier assembly of Fig. 12, and a normal tray
stacking assembly, an abnormal tray stacking assembly and a vacant tray 5 stacking assembly; 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. 10 Detailed:Biessripfinamafithgrembedirerisnigfing(@hahaws g susgah sonstisicignef an

integrated circuit sawing and sorting system which is an embodiment of the invention. In Fig. 1(a) the
system is viewed fRIRTAH8VEN 19'8nIRTserNs: 870 SARMALSES WRACEeRRE BINGWPELSOMHG section.
Two horizontal difgetienhppes: miaikemX ioVe RN AN TR Y IRNbiS dRr 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 20 side of the substrate
which is initiélly f&einf Dpseaipisoth ofvéher Fiusgstem may be modified for other sorts of integrated
circuits, as described below).

Preferred features of the invention will now be described, 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 which is an embodiment of the invention;
10 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
| asserhbly of the embodiment of Fig. 1;
Fig. 3 which is composed of Figs. 3(a) to 3(c), shows a inlet rail
15 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.5is 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;
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 corhposed 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 bf 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 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 25 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 8
dicing machine Z can be formed according to known degigns, and so will not be described here in
detail. The diced substrates pass via a brush unit 5 where the singulated units are 5 brushed, and a
cleaner unit 6, 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 units are thetigetivediby andelapsybasserply 92@'@51'@(@2,5&%%@ LR Reer
Subsequently, the sin&ﬂ ¥t%ggg]%ts[gﬁss to a net block assembly 10. 10 Fig. 1(b) shows the portions 2
he di

to 10 of this syst&ft WG K HiSid: 1(a). A frame lifter assembly indicated having
portions Ay and Ax is shigwh3ridwotcifferentarasiions ehi ssietasevely adopismduing dhause of
the system. 15 The si u}éated units are picked u frOJn the net block assembly 10 by a lifter assembly
11A. They are th&f 3%8 &3 %@S&%@Wn%ﬁ BRiohPY-FHer KNG SSRIIRPIY A5 AR SRINTR%S them

from beneath. A stzointpasystaiyses the'data obtained at this step to make a determination of the

aualty of the 20 unis, g sy contols s e asspRl it fpploce e mo one

tray stacking assembly and abnormal tfa_y stacking assembly of Fig. 13; and

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

10  Detailed Description of the embodiments

Figs. 1(a) shows the overall construction of an ihtegrated 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

15 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

20  side of the substrate which is initially facing upwards (however the system
may be modified for other sorts of integrated circuits, as described below).
The substrates are inserted into the system from caésettes 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

25 camera 3, mainly to check that the substrates are of a type suitabie fof 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



of two trays 12d, 12e. A vacant tray is kept at position 12c. 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 25 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 assembly 15. We now discuss the
various sections of the embodiment in detail. 30 9 Thegloader 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
Xin Fig. 1(a). The loader assembly | includes a number of cassette magazines 1 a in a region 1 d of
an upper stage 1 c of the load assembly 1. The 5 cassette magazines each contain a number of
stacked substratdisjrepaotachthedihganrarfoenet pamisding (ymcalbneastiganel igidgmigahoand is
designed in vieV\{Pof he uses \Z{%h .arg t? lie made of the singulated integrated circuits; there may be
2,3,4 0r5pane SREE g(?g &3t ? t least one cassette magazine | a is fed at a time to the
loader assembly 1. 10 Once each magazine la has been loaded, it is carried (in the direction towards

the right in Fig. towards a magazine gripper,1 h, 1 i by a wide rybber belt le driven by rollers If
and a motor 19_21?@% '%%%?M@S %rpfﬁ,g ﬁﬁ?@ BB%BO%Q% gf"ﬁh%(ﬁeﬂ"&@ﬂ@ﬁf‘ﬁ%aﬁi YIS @Ber gripper
I h. The magazireughippeaht dldlesinstalldt®rtan ipkiovwnbioeriaeibhinia 2. griopetidoskihd-. 15 As
soon as the cassetrtzsorr%a;gs:%mefha has bee tr%?sferred &t@ﬁbrggqudg?aipggr)er 1 h, 1i,the lower

un gyﬁn gpﬁrwwt Jhere, as ow, the units are

gripper 1 iis activa
turned over so that each ball grid array faces downwards. The singulated

units are then received by an idle unit assembly 9, including a second

camera. Subsequently, the singulated units pasé to a net block assembly 10.

10
Fig. 1(b) shows the portions 2 to 10 of this system from the direction marked
A in Fig. 1(a). A frame lifter assembly indicated having portions Ay and Ax is
shown in two different positions which it successively adopts during the use of
the system.

15

The singulated units are picked up from the net block assembly 10 by a lifter
assembly 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

20  units, and accordingly controls 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
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

25 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
assembly 15. |

We now discuss the various sections of the embodiment in detail.
30



magazine upward. This positions the cassette magazine la firmly between the lower gripper 1 a and
the upper gripper 1 h. 20 The magazine gripper 1 h, 1j is then lowered along the up/down linear rail 1j,
until one of the substrates is in register with a substrate slot 1 m. The substrate is pushed into the
substrate slot 1m by a pusher 1n. The magazine gripper 1h, 1jis then moved to bring another of the
substrates in the cassette magazine 25 1a into register with the substrate slot 1 m. In this way, all the
substrates in the cassette magazine 1 a are sequentially transferred to the slot 1 m. Once the
substrate loading is complete, the empty magazine 1 a is shifted downward, and the magazine gripper
1 h, 1ireleases it from the up/down 10 linear rail 1j. The empty magazines are placed onto a lower
stage lo of the region 1 d of the loader assembly 1. The inlet rail assembly 2 is shown in Fig. 3(a) in

top view, in Fig. 3{i) io=zide dseiembookirgshdive direggon(X)imkigp %«@«N,E}Hq:i%,@qb?(ﬁ)éfaéide view
looking in the directian é) site to X\i{1 Fp l(jgl . The substrate is pushed by the pusher 1 n until it is
positioned at thev}%\llve'rr?%?A TRERASh e HsFak T b'% RSdeEie iy frsthadieaationThe

image taken by tKérfiFsgca(a¢rd Badoadalysesdpyt,conmiiaesystenmmbe estaiisbdfiat the substrate is
the correct 10 p%caka e ntggeT ta check its ag(%rérgent and its orientation. If it is detected that the

substrate is the WIORG yP& for Bxamproth GrasbsR s hafidly Geprssamiiviie Hidstrate
can be reméveddemsetie myganineseacarsaiyin Afianiivistsldoreadigrsmaths fkgtgamera 3, the

il supporter 15 N S A SR ALl Sa e € g B4R GB Bof the upper
surface is in the tiesigowiliclivéstionf tmeFiged3thich are to be made of the singulated

integrated circuits; there may be 2, 3, 4 or 5 panels in a single substrate). At

least one cassette magazine 1a is fed at a time to the loader assembly 1.

10 Once each magazine 1a has been ‘Ioaded, it is carried (in the direction

towards the fight in Fig. 2(c)) towards a magazine gripper 1h, 1i by a wide

-rubber belt 1e driven by rollers 1f and a motor 1g. The magazine gripper 1h,

1iis composed of a lower gripper 1i and an upper gripper 1h. The magazine

gripper 1h, 1iis installed on an up/down linear rail 1j via a gripper block 1L.

15
As soon as the cassette magazine 1a has been transferred to the magazine
gripper 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.

20 ‘ ’

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 cassette magazine
25 1ainto reg‘ister with the substrate slot 1m. In this way, all the substrates in the

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



During this process, the spacing of the inlet rails 2c is aligned using a servo 20 motor 2d and belt 2e.
Once a substrate (which in Fig. 3(a) is shown including four panels 1 b) is located over the rall
supporter 2f, the rail supporter 2f, which is linked with an up/down air cylinder 2g lifts the substrates 1
b 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 1 b. The rotation is 25 through 90 or 270 in a
horizontal plane, in order that the substrates should bejgorrectly 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. 30 11 Once the substrate is rotated by the frame supporter 2f, the

substrate is liftedifeiprteqyarne sinps/ielgRind drarelifes peses e bediagelitsr tResembly
has two portions labelled (in Fig. 1(b)) respectively as Ay and Ax, which are independently movable in

a vertical directid® A HORL SMRARAESH 3986 BY dther (in the left-right direction as viewed in Fig.
1(b)) by a servo- motor Af. The portion Ay includes a frame lifting member Ab, for lifting the substrate
supported on the frame supporter 2f, and the portion Ax includes a net lifter member Aa, which is

explained below. s HahiglifRe MEMeisAANqWRdRdetet 3 drateBndai AinG W vathidm8sirce for
generating &forogdardBHpIginIRedRreghekarergaNsiEedrmme Higr siembeidbyidypisalinghe

frame lifting member Ab includes a number of apertures on its face communicating with the conduit

Ai. A switch meciafEH REFAR SRR LB ihetifl tHesitbirRte if VNS R4IEE (i.e. applies
negative pressuprighdiel aReIIUER) SHsiaapbmirdHe milepcalisRt KHrsnedaner! Re substrate

1b is inspected by the first camera 3. The image taken by the first camera 3 is

analysed by a computer 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 example, the prbgression is automatically

stopped, then the substrate can be removed from the system (e.g. manually).

After the visUal inspectibn by the first camera 3, the roller 2a is rotated to

15 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).

During this process, the spacing of the inlet rails 2c¢ 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 shouid
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.

30



15 communication with the apertures), After the frame lifter member Ab has picked up a first substrate
from the frame supporter 2f, the frame supporter 2f returns to its pervious orientation and height, so
that it can receive a new substrate. The operation of lifting and 20 rotating is then performed for the
new substrate. 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 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@f 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 communicationckith@ sibyaeHyn? setRR] BhensemhersAspbAbrear M aioiRcifas Am, An
at 12 their ends, for e%terin corresgondin apertures 4m, 4n on the chuck table 4, thereby ensuring

correct positioningP FHBGUATRR iten QYrQrf@%H?dif@-@ﬁéf%{fg)@iitﬂ@eofi@%eﬁﬁ%ﬁine of a known

design, which dicesénebigasestiwolDsitigribeaticingl aadigubgiiniedbdstieljnie Alpawatas units 7a. 5
Following the dicirﬁélqe chuck table rotz?tes 1800 about its ¢central vertical axis sQ as to bring the

singulated units Y4 FISHBARIAL IAMEAYAPEG R avatiGRhitasion ¢ad trriBRatRINnerly

occupied byshe sestistletgStreseetion witmigHes piBUARRPVRIWEHArTaRORBN N ioERRMYRCcCupied
by the section 4a. OSi?1 taneously with, the operation in which the frame lifter member Ab deposits
S

ratj er
a new substrate IHBHEsdARAATARE WP @rﬁ@é?%mgjg member Ab, for lifting the

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
is connected via a conduit Ai to a vacuum source for generating a force for
10  retaining the substrate against the frame I_ifter member Ab. Typically, the
frame lifting member Ab includes a number of apertures on its face
communicating with the conduit Ai. A switch mechanism (not shown)
determines whether the vacuum source is activated (i.e. applies negative
pressure to the apertures) or deactivated (e.g. because it is no longer in

15 communication with the apertures).

After the frame lifter member Ab has picked up a first substrate from the frame
supporter 2f, the frame suppo}rter 2f returns to its pervious orientation and
height, so that it can receive a new substrate. The operaﬁon of lifting and

20  rotating is then performed for the new substrate. '

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 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 th'e section 4a on
the left side as shown in Fig. 4. There the substrate is refained by suction
using apértures 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



lowered to contact the singulated units 7a of a previously diced substrate 1b. The net lifter member Aa
contains apertures in its lower surface which are in 15 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 units 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
machine to dice the substrate 1 b 20 which has just begn 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. 25 The nehbfitesmiefoerofsctiits) tberaiaguladathuniisriiade tha, biusinuhi siwvkiableans them

by a rubbing mation. The net lifter member Aa th the singulated units 7a t it 6,
Shawn in Fig, & L SRAFISOURG B BRGSO Sant % M 6 TSR Aokt FSE iFocton.

opposite to X. The-dBeratelifidthraediting Amthieriatktosvunissigie b idealioes thee 6a. The
CUpporter 6 B AU LA T AN TEEHIC s ) BRI AL By LI S AMUPLERS Lt Boct i
touches theﬁlowﬁbﬂbmt!@éth?e;isigghtatemunh‘abm.réimm%%aum itspees ibtal sartivanicadion via a
o 0 A N P Aol P v e i e
function of the HhowhlitteFigefier. Ameisterfmthelfly occupied by the section 4b). The section
4b moves simultaneously into the position formerly occupied by the section
4a. | |
10 |
Simuitaneously with the operation in which the frame lifter member Ab
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 1b.
The net lifter member Aa contains apertures in its lower surface which are in
15  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
units 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 machine to dice the substrate 1b
20  which has just been deposited. Thus, the time during which the twin chuck
table Cooperates with the frame lifter assembily 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.
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



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 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 20 lifter member Aa. The vacuum
source is again initiated using the conduit Ah, and the 4acuum 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 25 array). After the cleaning, the net lifting

member Aa lifts tle¢ liftegutasetbenits Tevard el esdheimsieiier traieasinirce ol shepfiag block 7c of
the heating block assembly 7. The heating block assembly 7 is shown in top view in Fig. 7(a), in 30

cross-section witER GRS R AURERRPCRteFRPeriEies A thetsrLidbadreaninmeniiBwed in

direction B in Fig. 7(c). At this moment, the net lifting member 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
predetermined ;)%gﬂ% 88%%@%%5%60%{%’?&% é%Sfas SisotirRag LM ﬁa‘%\@‘ﬁ?@ogﬁact with the

heating blogk 7gtleeirsatitieyifroariecandytiife ipsigsGyated anduridioms rRpplipdimgeconduit
7b which is in corp{Bunicati(?n wi hﬁeﬁure; in the rl#)ger surface 7¢ in register with the singulated
units 7a, S0 as tSTHOR STOLIALE RY0HS A fls A/BRUUM Source is put into communication via a

conduit with apertures in the upper surface of the frame su-pporter 6b

respectively in register with the singulatéd units 7a, so as to retain the

singulated units 7a on the frame supporter 6b. The pneumatic function of the
10 net lifter member Aa 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 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 égain, until the singulated units 7a are égain against the net
20  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
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
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



10 the heating block 7c. At this point the frame lifter assembly is not carrying either substrates or
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 1 b is 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) 1 b (i.e. all portions of the operation of she lifter assembly except that in which it
interacts with the table 4). Provided this 20 is 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 asaeblyidaha 2asiBmIRITELINALrIoR anddikdifenessemidyiidicaiedaencrally
as Az in Fig. 1(&\‘%&5%3 remProcated (left-right in Fig. 1(b)) by a servo-motor Ag. This idle lifter

assembly includ R NEERGRENifie A RIaRRA oY itheRiriactionsfthemssng Ad is directed

at the singulatechpeittias A0Jsbehaoaweshblaws ainied ﬁ!ﬁeﬁ@@ﬂ#&%@ﬂ#%%i?i@rﬁ%é’m the units,
especially at the 30 t(%% 15 The id]e lifter assembly Az includes an idle [ifter Ac which can be raised

and, lowered, aREPARTRATMGTRRSHME IR tBR RewbNerioradSin communication with a vacuum

source via aconduit AL. The idle lifter Ac is lowered over the 5 singulated units 7a, and the vacuum
source activated. so th%t the sin%%lﬁ?ﬁed units are retained on the lower surface of the idle lifter Ac. The

idle lifter Ac is th&IFFalS&d! B AF RHRPAGREN Gt b5 28R iR olFelB8 onto a
horizontal surfacaiofiarfiipprarthiocl et Areidinpactinitéd TaedfiReon is applied via a conduit

“7b which is in communication with apertures in the upper surface 7c¢ in
register with the singulated units 7a, so as to hold the singulated units 7a on
10  the heating block 7c.

At this point the frame lifter assembly is not carrying either substrates or
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 b is 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, (i) 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 a‘ssembly 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. ’



unit 8 is shown in top view in Fig. 8(a), and in Fig. 8(b) looking in the direction 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 attachgd 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 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 face down. 25 The next section of the system is

the idle block as$8mIPIERERPSATERY 82 tnglustes idmitip Uitan Asyvaid) fon bririseridgSpposite

to the direction Yewastdd;ian@(RHRA Kiewderkipeituiee dreetinower Bugridie hladnassaibiich
includes an idle block 9a located beneath the flipper block 8a, After the flipper 30 block 8a has been

rotated such thatHe 2RRHARSOMISS ¥ fr S ARG Me 1dedliD It Sicils Ipwared RYehEsingulated

units 7a corgact #iphaaredtahuprer, shdase vEisumnssintaedhivasdds Mackdtingdnrgbanism
including up/down cylinders 9d and li%/down guide posts 9e. A vacuum source is then applied in

communication WRASBEHGFRINRGHUBSPUF s B MEfite ilielites G tBRIA AR ARRed units
7a on the idle blgtkn TR d@CHEVEPHEREZBtally (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
unit 8 is shown in top view in Fig. 8(a), and in Fig. 8(b) looking in the direction

10 X. A portion of the flipper unit is shown in Fig. 8(c) looking in the direction Y.
The flipper blvock 8aisa 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



the flipper unit 8 is then deactivated. The idle block 9a is then lowered again. The idle block 9a can
also be moved horizontally (in the left-right direction on Fig. 1(b)) by a forward-backward cylinder 9b
along a horizontal rail 9c. This is 10 done until the idle block 9a is no longer beneath the flipper block
8a. The idle block 9a passes beneath a second camera Ae. Using data collected by the 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 singulated units 7a opposite tlae ball grid array), and identifies any 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 i¥accamERRYARIPRILLRE RigkabURRARINLY (RRIdR isprassRIRbATENaidS: lifter Ac

is lowered over the singutated units, and its vacuum source AL again activated to retain the singulated

units 7a. The vaiIfia¢@oliNke iSTRRERIMaNJRK 83 idithkioeie NG e ChRBIRIIR EHIRGs then used to

move the singulgisfisitscirRIEestbe wRlensudase Aliadgbas block dfanhapeatddaskassembly
10. Fig. 10(a) shows the net block assembly 10 looking in the direction opposite to direction X, Fig.

10(b) shows the #eRli8dk £85RMKIY F8HRMY I RRFBIEY InFRe 1R ISHHBES RIS Wisbiodtk 1 0a
of the net blgck agsambiyal9 tRidsihGuidsh shawshew the Rt birsikassrmplyulnsilidcansrear 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
f

an 5 enlarged vib® BirRsomidhtisdien segchiygde Oa—é)eamel@@ﬁl% aptheclousrss#8A through

the net block 1 Oa in respective mutually transverse

The idle block 9a can also be moved horizontally (in the lefthight direction on
Fig. 1(b)) by a forward-backward cylinder 9b along a horizontal rail 9c. This is

10 done until the idle block 9a is no longer beneath the flipper block 8a. The idle
block 9a passes beneath a second camera Ae. Using data collected by the
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 singulated
units 7a opposite the ball grid array), and identifies any 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 uppé'r surface is approximately at the
same height as the upper surface of the flipper unit 8é, so that (as described

20 below) the singulated units 7a can conveniently be_pickéd 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 idle 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 block assembly 10. Fig.



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 1 Oa of the net block assembly 10 is supported on
a rectangular plate 10j mounted at the top of a vertical shaft 10m. The shaft 1 Om can be reciprocated
(in the left-right direction in Fig. 1 Ob) by a servo-motor 10b. The shaft 10m can be rotated by a servo
motor | OL via a rubber belt 10k. 15 As shown in Fig. 10(e), the top surface of the net block 1 Oa has
a number of pockets 10d corresponding to the numbeg9f singulated units. The pockets 1 Od are
arranged in groups 10c corresponding in number and arrangement to the singulated units 7a obtained
from a. single one of the substrates 1 b. All of 20 the singulated units 7a from one of the substrates 1
b are placed into the respective pockets 1 Od of one of these groups 1 Oc. The pockets 1 Od are

defined by ridges (@ a&hbWé, heretrefereedliocasavavisly Thevanwdspieadfatermsadiacrrinding the

upper surface of the net block 1 Oa, 25 and all extend in parallel (in the horizontal direction as shown
in Fig. 10(f). The%@ilgeT@Y%qe formed by the upper curved portions of laminar elements 1 Og which
extend through laminar slots in 10j in the net block 1 Oa, 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 n t'glo%(&{]?gslgg%{‘%ﬂlegéﬁgv\gf& (a\fr@(ﬁ Wi??t%@itiﬁé@n%'@la?% @pﬁ@r net block |
Oa can be trmedibygednding.dEacpatitregfdalets0ley iFigsetixteravithi® (eppRotiveaconduit 10i
which can 5 be put into communication with a vacuum source, so that one,of the, singulated
clements 7 cal B TSR B SaLAaE 1) kIR aLigpecte PGall wnSlerss

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 nét 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 biock 10a has a number of
pockets 10d corresponding to the number of singulated units. The pockets
10d are arranged in groups 10c corresponding in numbef 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 Iarﬁinar 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



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# 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 11 A 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 104 iis bistidttametaies shiifbifiomsy he hiteitasrrinblihist shewp p arevisyor Fig: 11(a),
in Fig. 11(b) Iookiﬁ in ﬁ(r)le dizgjer%f\(iong\% osite to X, and in Fig. 11(c) looking in the direction Y. The
lifter assembly 1 iR%I Joee ! FQ% at least three) of unit lifter 25 assemblies 11 a, each of
which is moved horizontally (left-right in Fig. 1(a)) by a respective linear series actuator 11 c. Each

Each inchidual SR EL R TR AHGT by FESBEEIE FohdbAIOTHEAE hietBr 11 .
Once the sérvo beoput i@ tasmmonedtion néttbokdantedlrtes seanat dreesystag, rotation of the
the rows of SingUIL RIS T A AROIRIR R TG 2 1 RUAFL N Bt R B Singutated
units 7a, and mdedw/tiem liftecconduitshtOdandtivie nelicatedsoutoe isviaaldidane abgve shgll vision
inspection came,[aj.laln% 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 m 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 tift’er

25 assemblies 11a, each of which is moved horizontal!y‘(left—right in Fig. 1(a)) by
a respective linear series actuator 11c. 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



5 There may be any number of camera(s) 11 e, and, like the net block 10a, each of the cameras_lle
can be moved in the Y direction. In Fig. 11(a) there is just a single camera 11 e, which is shown in
three possible positions spaced apart in the Y direction, and movable between these pesitions, as
indicated by the 10 arrow 11 g. Thus, each unit 7a can be photographed from b_eneath inany
3-dimensional position relative to one of the cameras 11 e. Note that the ball grid array is facing
downwards. The 2-D images captured by the camera(s)gl1e 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 prefesseshyisizitont éhﬁtbQ@@W@M and MRV PARRitFBRAsethan iz dgtermination
(and the results from the earlier r% aLS%etermlnatlon based on the output of the camera Ae) a
determination |S§W§d{i %8 %u]at {OHYOHRIHG W ahad Ebl%@erﬁﬁ@ﬁﬁ'it\’@ ABeTItbe

abnormal. Accorslimytatt uBSEIVethamDmDUw Histigrecumitals the H‘l@&%h@éﬁ’t%ﬁfﬁﬁ% b to
place the corres ondln |t on the nor njt tray. 12d or.on the abnormal unit tray 12€. When a
normal unit tray 53’8 or ariI %%r%l?éﬁvﬁn#h%&/‘i%’%'ﬁﬁ@&ﬁtﬁgn@%%% $n the system, and a vacant

tray is inserfed from a location 12c 30 into the place of the removed tray. This performed by a tray lifter
is a top view of the tray lifter gssembly 12, Fig. 12 b) is a view of the tray

ﬁfi:?i:sbsl)enlwtz).lyzfgqoo% }%bt%ear& Q&EBRP)EO r?@lrfiﬁrai(ﬁ % 1630 w“gﬁtH@ ne 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 o |
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 resu‘lt, 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.



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-,gbnormal 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 normatignits (eievedomunsralaia ks mast slaskembip f595H0R A3 ISingidydjuRsystem

located in a section 13b. Usually, at least 30 trays may be 20 stacked in the assembly 13. Similarly,

when the abnor8trLiE 885e by mdorlinainr e siircionictednd bigisl@pVisadinwef drection

opposite to Y dirgefjanitalongsariBEk 1A obKiagGAMMeYairddfbioyan 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 bg stapkefbahthisopesitionit theysinicktig shibamaechnnisry iargmovisiaghaidays full of
abnormal units is, shown in Figé ﬁ%@ and is identical to that of Fig. 14(a) except that the reference

numerals 21 1201955 1i@/$,8 $9@1PRFLIANS SlaREPNERN GARYe YRl 18P-1kha higear

conveyor 12b also extends over a location at which a vacant unit tray 12¢ is
positioned. The conveyor 12b carries a tray lifter 'unit 12a which in turn is
capabile 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 ropposite 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 tkays filled with abnormal units are remoVed from the plate
12] 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



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 lifter unit 12a carries the vacant tray 12c into its
place. The position the vacant tray 12c 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 15c 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 ofte embegdimeat abroraal uniésara raplabediBiiaedassified acgonding4q,the type of
abnormality they suffer from. The 20 abnormal units may then be placed in one of a number of

abnormal unit tray-aoriftl RSPRENRI6f 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. LIfOYD WISE, 22 Claims stem for inverting a
set of integrated MRENEYRit2SHSRRIPRY Gy RaldhoPrsariiaRatAgn efﬁaﬂhgraé/a flipper

unit including a flipgesriiealoraaid teigck hauinemoetanting tragqffwamntorzgt@mrr@srwu@dedtumts on

an inversion surface of the flipper
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

20  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  clearto a skilled reader. '



block; a drive mechanism for moving the flipper block between a first configuration i_n whi(_:h the
inversion surface of the flipper block faces upwardly 10 and a second configuration in \_/vhlqgjn,cbhr@ WISE
inversion surface faces downwardly; and a first transport mechanism for locating the smgulated units
on the inversion surface, and a second transport system for removing the singulated units fr_om the
inversion surface; 15 the first transport mechanism locates the singulated units on the inversion
surface of the flipper block, the flipper block is moved ta,invert the inversion surface, and_the second
transport system removes the singulated units from the inversion surf_ace; such that the flrst transport
mechanism is arranged to locate the 20 singulated units on the inversion surfa_lce of the flipper block
when the surface is directed upwardly, and the second transport mechanism is arranged to remove
the singulated ungsgirag the inversion surface when the surface is directed downwardly_; wherein an
idle block arranged for upward motion relative to the flipper 25 block from_ beneath thg flipper block
until the singulated units retained on the flipper block are proximate to or in contact with a transfer

surface of the idlé - block YR¥TEENRSHHEREhR REbefgisa Eriged it i emits wietsingdiated units onto
the transfer surfasiagdiditioitlief etk sithld, EBYER #3igdMgystem according to claim 1 in which

the flipper ur;ojt s mount% I?Bﬁewgtrilmnbc Euvc\ilﬁ%nasﬁiigpcgrngil%%@tisoari]g g%(r;?(tﬁg(\)ﬂn% g]?g?ennﬁgg Hean ads.
mechanism for retaining singulated units on an inversion surface of the flipper
block;
a drive mechanism for moving the flipper block between a first
configuration in which the inversion surface of the flipper block faces upwardly

10 and a second configuration in which the inversion surface faces downwardly;

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;

15 the first transport mechanism locates the singulated units on the
inversion surface of the flipper block, the flipper block is moved to invert the
inversion surface, and the second transport system removes the singulated
units from the inversion surface;

such that the first transport mechanism is arranged to locate the

20 singulated units on the inversion surface of the flipper block when the surface
is directed upwardly, and the second transport mechanism is arranged to
remove the singulated units from the inversion surface when the surface is
directed downwardly; '

wherein an idle block arranged for upward motion relative to the flipper

25  block from beneath the flipper block 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.

30



3. A system according to claim 1 or claim 2 in which the retention 5 mechanism includes a plurality of
apertures on the inversion surface and a mechanism for connecting the apertures to a vaquu¥p vy sg
source, whereby suction can be applied to the singulated units. 4. A system according to claim 1 in
which the transfer surface of the idle 10 block includes apertures connectable to a vacuum source. 5.
A system according to claim 4 further including an idig block drive mechanism for moving the idle
block laterally from beneath the flipper block. 15 6. A system according to claim 5 in which the idle

block drive mgchanismdgsteperastiertn@isecibiridieiblwbictothd@tight auwihishloititaxisfer surface is
proximate the height of the inversion syrface .in thsigirs conr%luration. 7,A %ystem.according to claim 5
i 'S

or claim 6 in WHERTHREAZRA SAIFIFCTIEY BHISRL LR L{BRURNHARG 5pL&tEthe first surface,

and a second retention means for retaining singulated units on the second inversion surface. 8. A
substrate dicing and processing system, the %st m m?udlrtgi a dicin eamlélg .fOrj; dicing a substrate

located on a chuck t6 ffE ‘f)?lﬂ ér“%’/t&% GhlaPéac ﬁ{g‘grat% direurt ani S, at%ﬁpper unit including a
flipper bleck, pridecknhavinge seiaiticritynethpeitinde orethming evisignl stedagsitsrghaan inversion

surface of the flipper _blocé; LLOYD WISE 24 a first transport mechanism. f singulated
units from thé*\?rﬁ%@“ﬁ% RSBy geaa%egé \ Sri%cf%é'l%?surﬁ o?%i%hgﬁﬁ%?ﬁﬁggrggc between
afirst configusatiore inyphist thehs\singiolataatfaciésof the flipper block faces upwardly 5 and a second
configuration in which the inversion surface faces downwardly;

4. A system according to claim 1 in which the transfer surface of the idle

10  block includes apertures connectable to a vacuum source.

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

mechanism for moving the idle block laterally from beneath the flipper block.

15 6. A system according to claim 5 in which the idle block drive mechanism is
operative to raise the idle block to a height at which the transfer surface is

proximate the height of the inversion surface in the first configuration.

7. A system according to claim 5 or claim 6 in which the flipper unit includes
20 a second inversion surface opposite the first surface, and a second retention

means for retaining singulated units on the second inversion surface.

8. A substrate dicing and processing system, the system including:
a dicing machine for dicing a substrate located on a chuck to form a
25 plurality of singulated integrated circuit units;
a flipper unit including a flipper block, said block having a retention
mechanism for retaining singulated units on an inversion surface of the flipper
block;



and a second transport system for removing the singulated units from the inversion surface; s_uch that
the first transport mechanism locates the singulated units on 10 the inversion surface of the flipper N
block, the flipper block is moved to invert the inversion surface, and the second transport %&Q@H?Wlbb
removes the singulated units from the inversion surface; such that the first transport mechanism is
arranged to locate the singulated units on the inversion surface of the flipper block when t_he surface
15 is directed upwardly, and the second transport mechgpism is arranged to remove th_e singulated
units from the inversion surface when the surface is directed downwardly; wherein an |dIe_ block
arranged for upward motion relative to the flipper block from beneath the fIipper.bIock until the
singulated units retained on the 20 flipper block are proximate to or in contact with a transfer surface

of the idle block, the reteryian mpRRniSHRABASHIBORTLIIF RS oR SIRON AR HOjieyonto the

transfer surface of the idle block. 9. A system according to claim 8 incltuding at least one _
transport 25 sys@H%F?rH?%ﬁb‘fﬁF@QHesH%@%d integrated circuits while retaining them by suction

applied to their upper swfagge e fnmstnddpriByas régﬁﬁsségf ig@g{q)tgg,\g%%ug ,HE';{S obtained by

singulation of a subsFate, the method including: LLO 24a locating the singulated units on a

generally horizorf8 TRRSIGN d0duishdhs fEET BIbEK TS Misthrafimet blech fatem upherdiyid

surface is digecteghdipvediend configuration in which the inversion surface faces downwardly;
and
a second transport system for removing the singulated units from the
inversion surface;
such that the first transport mechanism locates the singulated units on
10 the inversion surface of the flipper block, the flipper block is moved to invert
the inversion surface, and the second transport system removes the
singulated units from the inversion surface;
such that the first transport mechanism is arranged to locate the
singulated units on the inversion surface of the flipper block when the surface
15 is directed upwardly, and the second transport mechanism is arranged to
remove the singulated units from the inversion surface when the surface is
directed downwardly;
wherein an idle block arranged for upward motion relative to the flipper
block from beneath the flipper block until the singulated units retained on the
20  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.

9. A system according to claim 8 including at least one further transport
25  system for transporting the inverted integrated circuits while retaining them by

suction applied to their upper surface.

10. A method for inverting a set of integrated circuit units obtained by

singulation of a substrate, the method including:



applying a retention mechanism to retain the singulated units on an 5 inversion surface of the flipper
block; moving the flipper block to invert the inversion surface; and removing the singulated Lqmjgsf)fw@g
the inversion surface by a second transport mechanism when the surface is directed downi/vard'ly by;
moving an idle block upwardly relative to the flipper block from beneath 10 the flipper block until the
singulated units retained on the flipper block are proximate to or in contact with a transfer surface of
the idle block, and; releasing the retention mechanisgy onto a transfer surface of the idle block. 15

locating the singulated units on a generally horizontal inversion surface
of a flipper block by a first transport mechanism when said surface is directed
upwardly

applying a retention mechanism to retain the singulated units on an

5 inversion surface of the flipper block;

moving the flipper block to invert the inversion surface; and

removing the singulated units from the inversion surface by a second
transport mechanism when the surface is directed downwardly by;

moving an idle block upwardly relative to the flipper block from beneath

10 the flipper block until the singulated units retained on the flipper block are

proximate to or in contact with a transfer surface of the idle block, and;

releasing the retention mechanism onto a transfer surface of the idle

block.

15



