1 Improved Net Block Assembly 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 5 with many integrated circuits formed onto it to singulate individual integrated circuits. The
invention further relates to apparatus for use in such a sawing and sorting system. Background of
Invention 10Conventionally a plurality of integrated circuits are formed simultaneously on a
semiconductor substrate, and the substrate is then diced to form individual integrated circuits.
Apparatus is known for feeding substrates into such a dicing machine, and for sorting the diced
integrated circuits. 150ne type of integrated circuit which is becoming increasingly popular is one
having an array of multiple electrical contacts (typically solder balls, known as a ball grid array

packages, and pads in non-leaded packagﬁgr&wﬂésgo(gqusg@;@gk 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 20is typically performed with the surface of the substrate carrying the balls facing

upwards. It is kno%«)ﬁ—ée%%#ﬂiémﬂﬂed 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 pabs. Mesdaieinyesdphistdatesn tof susavibehrigubsastirg seysigtimildw Isyptaticular, it
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batch of units is rejected as a whole i .au1t IS e.g. because itis discovered that the
alignment of the suidstragnyithiegeaiadscoouiy fesraasngnitadhinesis gidesefiicidridy alctiearsie?

circuits. The invention further relates to apparatus for use in such a sawing

and sorting system.

Background of invention

10  Conventionally a plurality of integrated circuits are formed simultaneously on a
semiconductor substrate, and the substrate is then diced to form individual
integrated circuits. Apparatus is known for feeding substrates into such a

dicing machine, and for sorting the diced integrated circuits.

15 One type of integrated circuit which is becoming increasingly popular is one
having an array of multiple electrical contacts (typically solder balls, known as
a ball grid array packages, and pads in non-leaded packages, known as a
Quad Flatpack Non-Leaded (QFN) packages) in an array on one of its major
faces. The dicing of a substrate having a ball grid array on one of its surfaces

20 is typically performed with the surface of the substrate carrying the balls
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

25 to be performed on the basis of a batch of units produced from the same
substrate, and that batch of units is rejected as a whole if a fault is identified
(e.g. because it is discovered that the alignment of the substrate with the lines

cut by the dicing machine is not sufficiently accurate).



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. 5Contacting 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 more difficult as
the size of the integrated circuits falls and the margin around the ball grid array shrinks. 10 Summary
of the invention The present invention aims to provide a new and useful system for positioning
integrated circuit units obtained by singulating a substrate. 15In a first aspect, the invention provides a
system for positioning integrated circuits singulated from a substrate, the system comprising a net
block having a surface for receiving the integrated circuits; said surface at least partially covered by a
two dimensional array of alternating first and second elements arranged in a chequer pattern; each
first element adapted to receive an 20integrated circuit and each second element projecting from the
surface; a transp&t isaidsoraesrpshmygniie aredandedinuis irasewlichlbukcariiiositioning a

first quantity of this RIBAHELe KIRGTAIAACLAYES Bripaip EpYLIRRRSEA IR FERpsiARA Urding

means for urging the portion of integrated circuits into the respective first elements.”25 In a second
aspect, the invenfi6d PréVRIESS ishafieaclitiny Bpsieth tonfsrcmyg @ dibinmaeHissdardiing a

substrate to form sigling tRCSRIGACIHES A NEES MK RAVBIHaRHHa M AG §5AY o ae

integrated circuits; said surface at least partially covered by a two dimensional array of 30alternating

first and second IEALRIOAIBNGaW Y& cHYg anstingraPerrlicry it 3 dflrwhPa8aBtbI%o receive an
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transporting the integrrated circuits to the net block and positioning a first quantity of the singulatedi
integrated circuitsArEifisTRATRIth eyt d0e Bl aridRTHY: $IMiNbRging means for urging the portion of

integrated circuits into the respective first elements. In a third aspect, the invention provides a method
of handling integrated circuits Ang_ulated, from a substrate, the method comprising the steps of
transporting1t@1e ir%@é?ﬁi@m%'—'f%q@block having a surface for

The present invention aims to provide a new and useful system for positioning

integrated circuit units obtained by singulating a substrate.

15 In a first aspect, the invention provides a system for positioning integrated
circuits singulated from a substrate, the system comprising a net block having
a surface for receiving the integrated circuits; said surface at least partially
covered by a two dimensional array of alternating first and second elements
arranged in a chequer pattern; each first element adapted to receive an

20  integrated circuit and each second element projecting from the surface; a
transport means for transporting the integrated circuits to the net block and
positioning a first quantity of the singulated integrated circuits in register with
respective first elements; and urging means for urging the portion of
integrated circuits into the respective first elements.

25
In a second aspect, the invention provides a substrate dicing system
comprising a dicing machine for dicing a substrate to form singulated
integrated circuits; a net block having a surface for receiving the integrated
circuits; said surface at least partially covered by a two dimensional array of

30 alternating first and second elements arranged in a chequer pattern; each first



10receiving the integrated circuits; said surface at least partially covered by a two dimensional array of
alternating first and second elements arranged in a chequer pattern; each first element adapted to
receive an integrated circuit and each second element projecting from the surface; and urging the
integrated circuits into the respective first elements using urging means. 15 In a fourth aspect, the
invention provides a method for manipulating a plurality of singulated integrated circuits comprising the
steps of at a first position, urging a first quantity of the irgegrated circuits onto a net block having a
surface for receiving the integrated circuits; said surface at least partially 20covered by a two
dimensional array of alternating first and second elements arranged in a chequer pattern; each first
element adapted to receive an integrated circuit and each second element projecting from the surface;

moving the net blgekg-2 564 QB%Q@W@%W%B%%@JW%&H@QHB’&%H D&BRERIRGKetptating the

net block 180 within a plane defined by the surface Z5o0f the net block; moving the net block in the

rotated orientatioPrBiggting fiem g ssifiare U aPEEAIRPHE SRTitFasTIRETHIEGRACAteBERRS onto the
net block; moving;ihe iretPlaekHe: R SREPRORRTIRNN GNl rilisklasie g aacanshauastty from the

net block. 4 In a fifth aspect, the invention provides a unit lifter assembly for lifting a singulated
integrated circuit!"{&&H] grepisinagisieaERgageRidivedial RIareehissARcEaRSiBISdEiently

moving the body {56 TygingSthrosHien AR hessrRESMER RRSTHANNE cHYPR: SpreMvstieadigre Aeans
capable of placing a 5 vacuum source in communication with the engagement end of the body, such

that the body engages the singulated integrated circuit at the engagement end through suction; a

second biasing mganthfel aypaeg the hadnfremphksidegagameddesiiandiryerfiraasition, and
consequently lifting the sir,lﬁél;dlJ ted irﬁt%ated circuit. 1%In a sixth aspect, the invention provides a
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method for lifting ArSHELRREY iAEY Girt e UGS A B B e Sk HRRMY a body from
a first position to aarsgageqty posticnadstigaify s Riaginplovkahsy eiggaginddbe fingulated
integrated C‘irOCUit %Caéri]v?nnggﬁgeem erbtrg?gdoéi}ggi s(;)%%i Sg&gfgceat least partially covered by a
two dimensional array of alternating first and second elements arranged in a
chequer pattern; each first element adapted to receive an integrated circuit
and each second element projecting from the surface; and urging the
integrated circuits into the respective first elements using urging means.
15
In a fourth aspect, the invention provides a method for manipulating a plurality
of singulated integrated circuits comprising the steps of at a first position,
urging a first quantity of the integrated circuits onto a net block having a
surface for receiving the integrated circuits; said surface at least partially
20  covered by a two dimensional array of alternating first and second elements
arranged in a chequer pattern; each first element adapted to receive an
integrated circuit and each second element projecting from the surface;
moving the net block to a second position; displacing the first quantity from
the net block; rotating the net block 180° within a plane defined by the surface
25  of the net block; moving the net block in the rotated orientation back to the
first position; urging a second quantity of the integrated circuits onto the net
block; moving the net block to the second position, and; displacing the second

quantity from the net block.



15 vacuum means; biasing the body from the engagement position to the first position with the
singulated integrated circuit attached using a second biasing means. In general terms, the present
invention proposes that a portion of integrated 20circuits obtained from a singulation process are
placed onto a net block having a square array of first and second elements. Each integrated circuit
within the portion is inserted into a respective first element, the second element adapted to prevent
integrated circuits being inserted. 25Each first element,may include at least one aperture which can be
put into communication with a vacuum source to urge the respective integrated circuit unit into the first
element. Furthermore, the net block preferably faces upwards so that gravity helps to urge the
integrated circuits into the pocket. 5 The net block may be arranged to be moved by a drive means to

a section of the gy steRhiBYReh M1 IMRRFHHIANINGESS 15 GRNTIRGPHE 0T SBOHatRANIts. 5The net
block is particularly suitable for positioning integrated circuits having electrical contacts (such as solder
balls or non-leaddtPHRiS] dnteaErtae ity it vASRIPERNGIA BARY Vg Bid @b EREaMERiRfeal

contacts facing iQwaydsismpahbiaskisiqwsnehtiendsiriasle B} fidied fRsiyssintrotatgd circuits

having solder balls, and may indeed be useful even in the case that the 10integrated circuits are laid
'I't%ﬁ

onto it with the tEFRAMSHELRHABINF WD FEMTHED 1RO REBRRCBREIHRORIGFNEAFigures

5 vacuum source in communication with the engagement end of the body, such
that the body engages the singulated integrated circuit at the engagement end
through suction; a second biasing means for moving the body from the
engagement position to the first position, and consequently lifting the
singulated integrated circuit.

10
In a sixth aspect, the invention provides a method for lifting a singulated
integrated circuit comprising the steps of resiliently biasing a body from a first
position to an engagement position using a first biasing means; engaging the
singulated integrated circuit at an engagement end of the body using a

15 vacuum means; biasing the body from the engagement position to the first
position with the singulated integrated circuit attached using a second biasing

means.

In general terms, the present invention proposes that a portion of integrated
20  circuits obtained from a singulation process are placed' onto a net block

having a square array of first and second elements. Each integrated circuit

within the portion is inserted into a respective first element, the second

element adapted to prevent integrated circuits being inserted.

25  Each first element may include at least one aperture which can be put into
communication with a vacuum source to urge the respective integrated circuit
unit into the first element. Furthermore, the net block preferably faces

upwards so that gravity helps to urge the integrated circuits into the pocket.



151t will be convenient to further describe the present invention with respect to the accompanying
drawings which illustrate possible arrangements of the invention. Other arrangements of the invention
are possible, and consequently the particularity of the accompanying drawings is not to be understood
as superseding the generality of the preceding description of the 20invention. Fig. 1(a) is a top
view of an integrated circuit sawing and sorting system which is an embodiment of the invention;

Fig. 1(b) is a side view of a part of the embodiment of Eig. 1 looking in 25the direction Y shown in Fig.
1; Fig. 2, which is composed of Figs. 2(a) to 2(c), shows a loader assembly of the embodiment of
Fig.1;, 6 Fig. 3 which is composed of Figs. 3(a) to 3(c), shows a inlet rail assembly of the
embodiment of Fig. 1; Fig. 4, which is composed of Figs. 4(a) and 4(b), shows a section of the

embodiment of Fige hébeldinenaivie shaekEaPle; S taobds Bty Abardeanesepticd e
embodiment of Fig. 1; = Fig. 6 is a second view of the cleaner unit of the embodiment of Fig. 1; Fig. 7,

which is compoZdt SYHRIE. P MNEN720) INSRRFEHRIQARS DI es4ed AUk ooy e SiRMdalRknt of Fig. 1;
Fig. 8, which is gaifiposed of Figs. 8(a) to 8(c), shows a flipper unit of 10 the embodiment of Fig. 1;

Fig. 9, which is composed of Figs. 9(a) to 9(c), shows an idle unit assembly of the embodiment of Fig.
1;

5 The net block is particularly suitable for positioning integrated circuits having
electrical contacts (such as solder balls or non-leaded pads) on one face, and
which are laid onto the net block with the electrical contacts facing towards
the net block. However, the net block is not limited to such integrated circuits
having solder balls, and may indeed be useful even in the case that the

10  integrated circuits are laid onto it with the electrical contacts facing away from
the net block.

Brief Description of The Figures

15 It will be convenient to further describe the present invention with respect to
the accompanying drawings which illustrate possible arrangements of the
invention. Other arrangements of the invention are possible, and
consequently the particularity of the accompanying drawings is not to be
understood as superseding the generality of the preceding description of the

20 invention.

Fig. 1(a) is a top view of an integrated circuit sawing and sorting
system which is an embodiment of the invention;
Fig. 1(b) is a side view of a part of the embodiment of Fig. 1 looking in
25  the direction Y shown in Fig. 1;
Fig. 2, which is composed of Figs. 2(a) to 2(c), shows a loader
assembly of the embodiment of Fig. 1;



Fig. 10, which is composed of Figs. 10(a) to 10(d), shows a net block assembly of the embodiment of
Fig. 1; 15Fig. 11, which is composed of Figs. 11(a) to 11(e), shows a lifter assembly of the
embodiment of Fig. 1; 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 lifter assembly of Fig. 12,
and a normal 20 tray stacking assembly, an abnormal tray stacking assembly and a vacant tray
stacking assembly; Fig. 14, which is composed of Figs.g.4(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. 25 Detailed Description of the embodiments Figs. 1(a) shows the overall
construction of an integrated circuit sawing and sorting system which is an embodiment of the

Section and a sering seclr L oY CoH a3t i S LR Y s FTELAN amd soring
system is for saws#sgamd lyorfitiiestmbediewewvhadi-ig. 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;
5 Fig. 5 is a first view of a cleaner unit of the embodiment of Fig. 1;
Fig. 6 is a second view of the cleaner unit of the embodiment of Fig. 1;
Fig. 7, which is composed of Figs. 7(a) to 7(c), shows a heating block
assembly of the embodiment of Fig. 1;
Fig. 8, which is composed of Figs. 8(a) to 8(c), shows a flipper unit of
10 the embodiment of Fig. 1; ‘
Fig. 9, which is composed of Figs. 9(a) to 9(c), shows an idle unit
assembly of the embodiment of Fig. 1,
Fig. 10, which is composed of Figs. 10(a) to 10(d), shows a net block
assembly of the embodiment of Fig. 1; ,
15 Fig. 11, which is composed of Figs. 11(a) to 11(e), shows a lifter
assembly of the embodiment of Fig. 1;
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 lifter assembly of Fig. 12, and a normal
20 ftray stacking assembly, an abnormal tray stacking assembly and a vacant tray
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.
25

Detailed Description of the embodiments

Figs. 1(a) shows the overall construction of an integrated circuit sawing and

sorting system which is an embodiment of the invention. In Fig. 1(a) the



5include a plurality of integrated circuits. The system is particularly suitable for integrated circuits each
of which is provided with an array of contacts on a side of the substrate which is initially facing
upwards (however the system may be modified for other sorts of integrated circuits, as described
below). The substrates are inserted into the system from cassettes using a loader 10assembly 1. From
the loader assembly 1 the substrates are carried to an inlet rail assembly 2. At this stage the
substrates are examined using a first camera 3, mainly §o check that the substrates are of a type
suitable for use in the sawing and sorting system. 15 As described in detail below, the substrates pass
to a twin chuck table 4, from which they are carried into a dicing machine indicated generally as Z.
This dicing machine Z can be formed according to known designs, and so will not be described here in

detail. 20 The dicggsfURSYRSRHBASF IR SIHSHUBIESMASIEdNS RIRIEIRSNIS RER §reisbiRsh 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 deta@HeRROHRA RGN thvReBWiEadsl tiEREiRMSRE gnarkAdyfasesdownwards. The
singuiated units are then received by an idle unit assembly 9, including a second 25camera.

Subsequently, the singulated units pass to a net block assembly 10. Fig. 1(b) shows the portions 2 to

10 of this system AT REERLRATIRSY RS AL GBWAE £NE RRENESHRTIAIREIMAIEE having
portions Ay ad AxdmbansIindg sifferegi-nesitposivhiohaisysesasriveivtadonty guriagiduse of
ssembly 11, THRF QTR PR ERT v DT R TRAHn EAALAY SEAA 58 ik
examines them freiglebsineatBubstartpuikicsyistaiabe satiaglaiuebtinad s tus thiegstamke a
fhe;fnrﬂfoaggg O e Y A% PP SNBSS 1t agRRptihaHdw° Place

The substrates are inserted into the system from cassettes using a loader

10 assembly 1. From the loader assembly 1 the substrates are carried to an inlet
rail assembly 2. At this stage the substrates are examined using a first
camera 3, mainly to check that the substrates are of a type suitable for use in

the sawing and sorting system.

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

be described here in detail.

20  The diced substrates pass via a brush unit 5 where the singulated units are
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 then received by an idle unit assembly 9, including a second

25 camera. Subsequently, the singulated units pass to a net block assembly 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

30 the system.



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 10
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. 15 The loader assembly 1 is shown in Fig. 2(a) in top view, in Fig. 2(b) in
side view in the direction Yin Fig. 1(a), and in Fig. 2(c) in side view in the direction X in Fig. 1(a). The
loader assembly 1 includes a number of cassette magazines la in a region 1d of an upper stage 1c of
the load assembly 1. The 20 cassette magazines each contain a number of stacked substrates, each

including a num%%fgiﬂgxt'}k%&;@ HRCEY 5iakB ARG dRBIIGA HROLIS GG B e gidhe uses

which are to be made o ingulated integrated circuits; there may be 2, 3, 4 or 5 panels in a single
substrate). At lease8Rbbaddéid hriyarmben inraesles hyie tbathyifdandn sreeirplgam®sdnce each

magazine la has;Rgemirded is@rsiathlindd e dirReHON W%tb%@ﬂhbm&i@%%{% tQueyds a

magazine gripper lh, ii by a wide rubber belt le driven by rollers If and a motor 1g. The magazine
gripper Ih, ii is cdfFRER A NHeR dhipheier dAdnatesherigipperivrofdhrgialite fibser In, ii is
installed on &n upigevantingassedidgNaenaidnd eidlFek HssSiiys0oR &5 theceapestieritagasine la

puch the magazFIOUBIEE ol HOS NPT Re RO o A7 otséel B wer gripper
la and the uppengrygpt2dh.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
10 from position 12c¢ to replace whichever of trays 12d, 12e has been removed. A
new vacant tray is moved to position 12¢ from a vacant tray stacking

assembly 15.

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

15
The loader assembly 1 is shown in Fig. 2(a) in top view, in Fig. 2(b) in side
view in the direction Y in Fig. 1(a), and in Fig. 2(c) in side view in the direction
Xin Fig. 1(a). The loader assembly 1 includes a number of cassette
magazines 1a in a region 1d of an upper stage 1c of the load assembly 1. The

20 cassette magazines each contain a number of stacked substrates, each
including @ number of panels 1b (typically each panel is identical, and is
designed in view of the uses which are to be made of the singulated
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.

25 Once each magazine 1a has been loaded, it is carried (in the direction
towards the right 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,
1i is composed of a lower gripper 1i and an upper gripper 1h. The magazine
gripper 1h, 1i is installed on an up/down linear rail 1j via a gripper block 1L.

30



The magazine gripper Ih, 1j is then lowered along the up/down linear rail 1j, until one of the substrates
is in register with a substrate slot Im. The substrate is pushed into the substrate slot Im by a pusher In.
The magazine gripper lh, 10ii is then moved to bring another of the substrates in the cassette
magagzine la into register with the substrate slot Im. In this way, all the substrates in the cassette
magazine la are sequentially transferred to the slot Im. Once the substrate loading is complete, the
empty magazine la is shifted 15 downward, and the magazine gripper Ih, li releases it from the
up/down linear rail 1j. The empty magazines are placed onto a lower stage lo of the region Id of the
loader assembly 1. The inlet rail assembly 2 is shown in Fig. 3(a) in top view, in Fig. 3(b) in side
20view looking in the direction Y in Fig. 1(a), and in Fig. 3(c) in side view looking in the direction
opposite to X in Fig. 1(a). The substrate is pushed by the pusher in until it is positioned at the roller 2a.
At this location, the substrate Ib is inspected by the first camera 3. The image taken by the first camera

3 is analysed by AtsRPuRS Hseansaitesnagrrnratatashrentersiesrediedhegmrerase type, to
check its alignmegangh it oRenkiRRvd b Patenteddbal Ahsasp al@Ifnisdhe o Rg dypedor example,

the progression is automatically stopPed, then the substrate can be removed from the system (e.g.

manually). 10 ralMQgsFRR MRS ol féhersiljcet Bisthesalsdraaaate dadiantnitehNesRe long axis

of the upper surfage isWeigbpazanrtaldireeiopst bigpPa(ah During this process, the spacing of the
inlet rails 2c is aligned using a servo- 5motor 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/diewmatasitiedgtsteelifis the isubsinaiesdbedsandstneut pidbe harizantadilenel of the
inlet rails. Then ausn lr’vgnrgcg)tfo {h%hsgggtpﬁgg %sr ?rga;[ggister with a substrate slot 1m. The substrate
is pushed into the substrate slot 1m by a pusher 1n. The magazine gripper 1h,
10 1j is then moved to bring another of the substrates in the cassette magazine
1a into register with the substrate siot 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

15 downward, and the magazine gripper 1h, 1i releases it from the up/down
linear rail 1j. The empty magazines are placed onto a lower stage 10 of the
region 1d of the loader assembly 1.

The inlet rail assembly 2 is shown in Fig. 3(a) in top view, in Fig. 3(b) in side
20  view looking in the direction Y in Fig. 1(a), and in Fig. 3(c) in side view looking
in the direction opposite to X in Fig. 1(a). The substrate is pushed by the
pusher 1n until it is positioned at the roller 2a. At this location, the substrate
1b is inspected by the first camera 3. The image taken by the first camera 3 is
analysed by a computer system, to establish that the substrate is the correct
25 package type, to check its alignment and its orientation. If it is detected that
the substrate is the wrong type for example, the progression is automatically

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

After the visual inspection by the first camera 3, the roller 2a is rotated to

30 move the substrate onto a rail supporter 2f until it reaches a stopper 2b. The



the rail supporter 2f, and thereby rotate the substrates | b. The rotation is 10 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. 15 Once the substrate is rotated by the frame supporter 2f, the
substrate is lifted from the frame supporter 2f by a frame lifter assembly. The frame lifter assembly has
two portions labelled (in Fig. 1(b)) respectively as Ay and Ax, which are independently movable in a

vertical direction, and horizontally 20movable together (in the left-right direction as viewed in Fig. 1(b))
by a servo- motor At. The portion Ay includes a frame lifting member Ab, for lifting the substrate

supported on the rfémgﬁr e t}Srh%fs %”é’eﬁ‘@r&@t'}%’&t’é@gg%ﬁg& %%HHE%,'HRH‘QF{MMQ‘%E%

explained below. T ing member Ab IS connected via a conduit Ai to a vacuum source for
generating a forcéof® 2Bieefithegupresssfage isgainsetherzantiel fisectiempara®. 13(sibally, 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 pressuréXerthe BYeRIPESSDriheARGIE P& erBle ialsitds IScAieRRY s8R arifiURication

with the apertureshofk Affemniedieme tfirsamesnbaiARamREFREWD 8ENssihsiatm&a e frame

supporter 2f, the frame supporter 2f returns to its pervious orientation and height, so that it can receive

a new substrate. MY G58RIEJPLIIRRBIEAPYSEHIR) R BERRXSIES A et foral e HRAP LG hatdia)

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

10  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.

15
Once the substrate is rotated by the frame supporter 2f, the substrate is lifted
from the frame supporter 2f by a frame lifter assembly. The frame lifter
assembly has two portions labelled (in Fig. 1(b)) respectively as Ay and Ax,
which are independently movable in a vertical direction, and horizontally

20  movable together (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. The frame lifting member Ab
is connected via a conduit Ai to a vacuum source for generating a force for

25  retaining the substrate against the frame lifter 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

30 communication with the apertures).



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 capable of rotation around a vertical axis, and includes two identical
sections 10 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 apertuyes in the chuck table which can be put into
communication with a vacuum source. The members Aa and Ab each have projections Am, An at
15their ends, for entering corresponding apertures 4m, 4n on the chuck table 4, thereby ensuring
correct positioning. The twin chuck table 4 is arranged to co-operate with a dicing machine of a known

design, which digggethe SaarRESIfKFNEHIBE A0 Ka & BrikEHNSY Al b isuBEtiate HaatiAtetamits 7a.
Following the dicing the chuck table rotates 180 abaut its central vertical axis 20so as to bring the

singulated units $4ARRSIEHSHiRSHAME MRS 2! SRBHAS I BRNEOHRCSIREBIRR AP Sccupied by

the section 4b). HagyseddiomAabimareresianitianconsybiiodhe pasitigefatmearbf ogppiadby the
section 4a. Simultaneously with the oPeratriﬁQr in which th%frame lifter member Ab 25deposits a new

substrate into thé¥BEAgHSAR SR @FELIREATRIERMRY RUBHERS to contact the singulated units 7a of a

previously digced substrate 1 b. The net lifter member Aa contains apertures in its lower surface which

T S SR CEarE R S SR et e e eane,
turned off. The frﬁt@&ﬁiﬂ?ﬁe&fﬂmmbly th_eTthBScz_hMay fa_h‘rethestwhbuhuﬂktt&bl@efw $0 H_igt the twin
O e i BT S AR T e e
is efficiently used;dpathid¢ovfthmtation around a vertical axis, and includes two identical sections
10  4a, 4b, which are interchanged by the rotation. The frame lifter member Ab of
the frame lifter assembly places the substrate at a time into the section 4a on
the left side as shown in Fig. 4. There the substrate is retained by suction
using apertures in the chuck table which can be put into communication with a
vacuum source. The members Aa and Ab each have projections Am, An at
15  their ends, for entering corresponding apertures 4m, 4n on the chuck table 4,
thereby ensuring correct positioning. The twin chuck table 4 is arranged to
co-operate with a dicing machine of a known design, which dices the
cassette. During the dicing, each substrate 1b is cut into singulated units 7a.
Following the dicing the chuck table rotates 180° about its central vertical axis
20  so as to bring the singulated units 7a into position on the right side as shown
in Fig. 4 (i.e. the one formerly occupied by the section 4b). The section 4b

moves simultaneously into the position formerly occupied by the section 4a.

Simultaneously with the operation in which the frame lifter member Ab

25 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
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



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. 10 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 net lifter member Aa |O\é\/ rs until the units enter a cleaning zone 6a.
The 15projections 4n enter respective apertures at the tOp of the cleaning unit 6. Simultaneously, a
frame supporter 6b inside the cleaner unit 6 is raised by pneumatic cylinders 6¢ and guide posts 6d,
until it touches the lower surface of the singulated units 7a. A vacuum source is put into
communication vig A0 GRRAUL WA FRSTHIES e BBR RUTRREPbNS amermuARRifer 60
respectively in register with the singulated units 7a, so as to retain the singulated units 7a on the frame
supporter 6b. Th@gsRUMAiBE0TBRYe D BaHeeTTEIeiAbdIuRK aRlprbsefthabtmdwiame
supporters 6b thesn RRUSS BOXVBa ARG YERABNGARIIRI YR RIS BRI 40 drmavs dustaatkdgpris from

the surface of the singulated units 7a which is facing upwardly (recall that this is the surface having the

ball contacts). 13VRiterhRe MithaDdtResigguibes UhtstimaccdHifwhich4le haie BeE cleaned,

the water and/or gipjgteRfigten@irping fidIFrae SHRRAKES BReMened ywasd BemifoHtHE the
singulated units 7a are again against the net lifter member Aa. The vacuum source is again initiated

using the conduitdeROSTHAR Hl& R EHR R BB GMO¥RbREARE BRicTHREsAHEARY P&Ehis point

the singulated uniifede. aneuagaiie relingdmn tieHewstisyrfaserohdie aptilfisementheisNitdhe water
and air jets 61 arﬁ| activated agﬁin an?

, (F:i}ean théa othergsurfface of the?ﬁngklﬁtgfd units 7a (i.e. the side
away from the ba %ﬁ@%ﬁgﬁ § ARSH e‘%fgg ma,?ﬂ HE %ﬂﬁ@gn?e &K AP1fts the singulated units
7a and moves them to the upper surface of a heating block 7c of the heating block assembly 7. The
heating block assembly 7.is shown jn top view |n Fig. 7 in cross-secti hen viewed from direction
Ain Fig. 7(b), an?epnecrilgggﬁseercwgmv{/ @nlﬁ/ﬁg\;veedsﬁp%é?e%é%%nugﬁ% lf—;‘l’g%;?&ef At ﬁ%}sumgr%grﬁl,c{he net
lifting member Aackrzoh thib drealing bldukiTg aratialigide methiétpropentibes An thete ingvasaiiteres 7d, so
that the singulated. units /7a are properly positioned in predetermined ppsitions on the heatj lock 7c.
200nce the singugﬁ%%trﬁsufi%rzglﬁocgngagé%h#%teghggﬁ%nb‘[bcl%?cgﬁrp]g Vet lé&mg&wg}g

direction Y, and in Fig. 6 in a view looking in the direction opposite to X. The
net lifter member Aa lowers until the units enter a cleaning zone 6a. The

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

Simultaneously, a frame supporter 6b inside the cleaner unit 6 is raised by
pneumatic cylinders 6¢ and guide posts 6d, until it touches the lower surface
of the singulated units 7a. A vacuum source is put into communication via a
20 conduit with apertures in the upper surface of the frame supporter 6b
respectively in register with the singulated units 7a, so as to retain the
singulated units 7a on the frame supporter 6b. The pneumatic function of the

net lifter member Aa is turned off.

25 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

contacts).



suction from the conduit Ah is deactivated, and suction is applied via a conduit 7b which is in
communication with apertures in the upper surface 7c in register with the singulated units 7a, so as to
hold the singulated units 7a on the heating block 7c. 25 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 Ib is preferably at
least as great as the time taken by the frame lifter 30as§§mbly to perform the set of actions: (i) moving
from the twin chuck table 4 14 to the heating block assembly 7, (ii) returning to the inlet rail assembly,
and (Hi) picking up a new substrate(s) Ib (i.e. all portions of the operation of the lifter assembly except
that in which it interacts with the table 4). Provided this is true, then the speed of operation of the

dieng machine 5k RiYISHA-AYERBP A EiiRRad UHIRIAPESNG BHE DINTRAACHUER e other

t
units. Any drops of water on the singulated units 7a are evapor y heat generated by a cartridge

heater 7a of the Hé@@RGMhLIBK Watenhany/or FidelgHeareuderstiveladed e ftaaE ey RRSBATHN
(indicated generaiy sz A0 ksalbLHiA vigcieiaeaieitd!pt el iuicddimiinna pervo-motor

Ag. This idle lifter assembly includes a nozzle Ad. The idle lifter assembly Az is moved so that the
nozzle Ad is directé@r D HERGA JiAatEREURERIVA] SRHTER IBGEANARtAberUsng the sRfEté8 units 7a
to dry the ungs, egpgaialy attherdeduteelorand e-ifies aappavay 68 9 elidenaadta ligtmy which can

be raised and lowered, and which includes apertures on its lower surface in communication with a

vacuum source vRPIESHRISINAY!aFRR HILSifiR A RORIRERAIRRR Chd S IR RSy TRRE P5iNsBghe

vacuum source apfigaiedsh &g sgulaiedreOdnijstarefretainetharciadeiersdiaeaotitee idle
ifter Ac. The |dIe(I)| eerrpéﬁr"?ace of the singulated units 7a (i.e. the side away from the ball grid

array).
10
After the cleaning, the net lifting member Aa lifts the singulated units 7a and
moves them to the upper surface of a heating block 7¢ of the heating block
assembly 7. The heating block assembly 7 is shown in top view in Fig. 7(a), in
cross-section when viewed from direction A in Fig. 7(b), and in cross-section
15 when viewed in direction B in Fig. 7(c). At this moment, the net lifting member
Aa and the heating block 7¢ are aligned by the projections An entering
apertures 7d, so that the singulated units 7a are properly positioned in
predetermined positions on the heating block 7c¢.

20  Once the singulated units 7a are in contact with the heating block 7c, the
suction from the conduit Ah is deactivated, and suction is applied via a conduit
7b which is in communication with apertures in the upper surface 7c in
register with the singulated units 7a, so as to hold the singulated units 7a on
the heating block 7c.

25
At this point the frame lifter assembly is not carrying either substrates or
singulated units), and the frame lifter assembiy returns to its position over the
inlet rail assembly 2. The time taken by dicing machine to dice the substrates
1b is preferably at least as great as the time taken by the frame lifter

30 assembly to perform the set of actions: (i) moving from the twin chuck table 4



then raised, moved horizontally (to the right in Fig. 1(b)), and then lowered onto a horizontal surface of
a flipper block 8a of the flipper unit 8. The flipper unit 8 is shown in top view in Fig. 8(a), and in Fig.
8(b) looking in the direction X. A portion of the flipper unit is shown in Fig. 8(c) looking in the direction
Y. 25The 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
vacuum source of the flipper unit 8 activated so that the%ingulated units 7a 30become attached to the
upper surface of the flipper block 8a. 15 While this attachment continues, the flipper block 8a is
rotated about a horizontal axis Be through its centre (into the page in Figs. 1(b) and 8(c)) so that the

surface of the flipper, block ich form f . no rd. The rotation of the
flipper block 8a is%é?f%%rﬁgﬁﬁ%i%r\gg%gr&ég%ﬁ'@%‘%ﬁ%q%Iggéég t%ﬁ%%?@&%%%‘&? y%tﬁr%bber belt
8d. Note that the tllekirgrayss nenckulrmirasinid tewestgerrtiacingiipwardsyaiiw fefdd@elown. The

next section of theRysIRLR Heddie BlaRk ARSEMBN iﬁf%é{&g\ﬁiﬂ HerdEId HBisAap RN, o

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 assemb$/tamdigednenseres otroer Edicaf Brnaigingiaanhiee Morrtgadngrs Me flipper

block 8a hasgbeeioinirctSUafLIR iR SRAAEH WS ASSeWRthe dlripek R is raised, unti

the singulated units 7a contact its horizontal upper 15surface. This is performed by an idle block lifting
mechanism including up/down cylinders 9d and up/down guide posts 9e. A vacuum source is then

applied in commugjialARLYiBT RRESHBRTHEB BIRJRRRISUHRSS Shlkeddip BlagkPBytrdstain the
singulated units 7a on the idle block. The vacuum_source of the flipper unit 8 is then_deactivated. The

idle block 9a is th@ﬁﬁ@\?\?é?é’dbé’g%\ﬁﬁ@’épge heater 7a of the heating block assembly 7. The
system further includes an idle lifter assembly (indicated generally as Az in

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

15
The idle lifter assembly Az includes an idle lifter Ac which can be raised and
lowered, and which includes apertures on its lower surface in communication
with a vacuum source via a conduit AL. The idle lifter Ac is lowered over the
singulated units 7a, and the vacuum source activated so that the singulated

20  units are retained on the lower surface of the idle lifter Ac. The idie lifter Ac is
then raised, moved horizontally (to the right in Fig. 1(b)), and then lowered
onto a horizontal surface of a flipper block 8a of the flipper unit 8. The flipper
unit 8 is shown in top view in Fig. 8(a), and in Fig. 8(b) looking in the direction
X. A portion of the flipper unit is shown in Fig. 8(c) looking in the direction Y.

25  The flipper biock 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
vacuum source of the flipper unit 8 activated so that the singulated units 7a

30 become attached to the upper surface of the flipper block 8a.



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 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 25camera 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 abnormal marking status or condition. This data is stored by
the computer system for later use (as described belov0)5., 16 The idle block 9a is then raised until its
upper surface is approximately at the same height as the upper surface of the flipper unit 8a, so that
(as described below) the singulated units 7a can conveniently be picked up again by the idle lifter

assembly Az. The,idle.lifte [ r he si i d R ource AL again
activated to retakl}gd[ﬁée tsﬂlfr%g%%%ﬁ l%l\ﬁicgpg]&ﬁ% %’a%% %@%ﬁ%@ %‘gt 32[% Ireg ﬁ%ﬁ%%ggt en deactivated.
The idle lifter Aderirenalsaxis@entiveugd dingenriedintidizamage ind ighei(blidnaddod)a $ret block 10a

of a net block asgemaly d0dQFier HAishEISIERR BELARGK ARSEERIIPaKIngG N [Rg firection

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 nefaseeidovawhiHe hae briakiersdinsyinpariglont §pdrdwesiaENahENat 6Kk assembly

10 would agpeagbihediet gk L0mRedad sRONRHet BIOSISBYW L EEIHER(BY K dh dhsaet block

10a of the net block assembly 10 is supported on a rectangular plate 10j mounted at the top of a
vertical shaft 10RRINGISHERYEOM SR BBYERSHRRRAYR BRERFRAHIE HRBETES iIRMMG(etsh) by a
servo-motor 10kydiiae shaft 10m can be rotated by a servo motor 2010L via a rubber belt 10k. As
shown in Fig. 10(b), the top surface of the net block 10a has a number of first elements, in this case,
recesses 10d corresponding to the number of singulated units. The recesses 10d are arranged in a

chequer patternTwéhext section of the system is the idle block assembly 9 shown in Fig. 9.

10  Fig. 9(a) is a top view, Fig. 9(b) is a view looking opposite to the direction X,
and Fig. 9(c) is a view looking in the direction Y. The idle block assembly 9
includes an idle block 9a located beneath the flipper block 8a. After the flipper
block 8a has been rotated such that the singulated units 7a face down, the
idle block 9a is raised, until the singulated units 7a-contact its horizontal upper

15  surface. This is performed by an idle block lifting mechanism including
up/down cylinders 9d and up/down guide posts 9e. A vacuum source is then
applied in communication with apertures in the upper surface of the idle block
9a, to retain the singulated units 7a on the idle block. The vacuum source of
the flipper unit 8 is then deactivated. The idle block 9a is then lowered again.

20
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
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

25 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
abnormal marking status or condition. This data is stored by the computer
system for later use (as described below).

30



25interstitial second elements, in this case, raised portions corresponding in number and arrangement
to half the singulated units 7a obtained from a single one of the substrates Ib. Half of the singulated
units 7a from one of the 17 substrates Ib are placed into the respective recesses 10d in the first step
of this process. Figure 10(b) shows a detailed view of the surface of the net block 10a, and in
5particular the chequer pattern comprising the recesses 10d for receiving the singulated integrated
circuits and the raised portions be located between th%recesses 10d. To assist in the placement of the
integrated circuits 7a into the recesses 10d, 10the raised portions be may further have inclined side
walls 10f. If an integrated circuit should not align correctly with its respective recess 10d, it will contact
the side wall and tend to slide toward the recess 10d through gravity. 15In an embodiment were the

sides are not inehnedy thg saised P@EH%R%&YQE&%%Y&%VSPE%?WQL% iRegraed dataipnd i an

inclined position due to the differential in top surfaces between the raised portion be and the recesses
10d. This incline®EediRjeiat, theiHgreistaniaconf thglirpantenitiad sntimtdowARasave® slide into

the recess 10d. Méhil5$ inesspiicirrbihahas melnrtdRveHidtyBe Blixerlihadhifetsntiad hpiht of
the surfaces is still an effective means to urge the m_tegrated circuit into place.
lifter assembly Az. The idle Tifter Ac is fowered over the singulated units, and
5 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

block 10a of a net block assembly 10.

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.
10(d) shows how the net block assembly 10 would appear if the net block 10a
were removed.

15
As shown in Figs 10(a) to 10(d), 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

20  10L via a rubber belt 10k.

As shown in Fig. 10(b), the top surface of the net block 10a has’ a number of
first elements, in this case, recesses 10d corresponding to the number of
singulated units. The recesses 10d are arranged in a chequer pattern, with
25 interstitial second elements, in this case, raised portions corresponding in
number and arrangement to half the singulated units 7a obtained from a

single one of the substrates 1b. Half of the singulated units 7a from one of the



Each of the recesses 10d is in register with a respective conduit 10i which can be put into
communication with a vacuum source, so that one of the 25singulated elements 7a can be retained in
the recesses 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 recesses 10d, the negative
pressure in the recesses 10d sucks the unit 7a towards the 18 bottom of the recesses 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 wére no flipping in the embodiment (i.e. if the
flipper unit 8 is omitted), and/or if the singulated units did not have a ball-grid array. 5 The principle
behind the chequer pattern of the net block can be seen from Figure 10(c). The required tolerance to

place an entire I ed,circyits f i 3 rate w gé) tremel . For
instance, the aIi%%g]atq%F aﬁ?ag?én ‘i%(t%grﬁteéc? Eﬁ?ﬁ@%@r@éﬁ%@%iﬁﬂ . %‘nﬁtﬁ e‘é}i]ﬁetg%é%ug)lulom the
margin of adjacéhisim@e@esed circuits. Instead by using a chequer pattern, with interstitial raised
portions, the tolerance is equivalent to the full width of the integrated circuits. Consequently, the ease
of manufacture improves considerably. 15 The process shown in Figures 10(c) and 10(d) demonstrate

the effect of the Elestacitaitehevs ubstriledlyievdiebthm ey HasteralithomnshglastedGateididd circuits
7a. Rather than i AR ERABESERRRIBrSHRUE AT IAS R ARESTAESELINY Lorihe 418 ipgention

divides the total number into two groups, in this embodiment, two halves 10q and 10s. 20 As shown
particularly in Fi§le s, iediatsfckss Hin fhthihsirginaterariegralos iacatad PebveaibRer

selectively places gagdisst grgup of integrated circuits 10q into the recesses 10d of the net block 10a.
The net block delivers 10t the first group 10q to a pick up zone 10u, where the first 25 group 10q are
removed. The net block 10a is then rotated 180 by and returned 10w to the position beneath the net

picker. HoweverTin dasisoiatetbnsiationetiteorapessrsgratbdreiruisiigatho atignestadtethecsrcond
group of integrated circuits 10r, Accordingly, the second groyp IOr are placed. in. the vacated recesses
0d. and 10 sodBRd SRS EITRRAUE HEpILRp Jute melmed S WAk 1t Far

integrated circuit should not align correctly with its respective recess 10d, it

will contact the side wall and tend to slide toward the recess 10d through

gravity.

15 In an embodiment were the sides are not inclined, the raised portions will, in
any event cause the integrated to “stand” in an inclined position due to the
differential in top surfaces between the raised portion 10e and the recesses
10d. This inclined arrangement, being unstable, will urge the integrated circuit
downwards, to slide into the recess 10d. Whilst less efficient that an inclined

20  wall 10f, the effect of the differential height of the surfaces is still an effective

means to urge the integrated circuit into place.

Each of the recesses 10d is in register with a respective conduit 10i which can
be put into communication with a vacuum source, so that one of the

25 singulated elements 7a can be retained in the recesses 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 recesses

10d, the negative pressure in the recesses 10d sucks the unit 7a towards the



19 It is clear that, while this embodiment describes a single net block, in fact, other arrangements
embodying the present invention may be contemplated, including multiple net blocks so as to emulate
a continuous process, rather than for a single net block to be used for the two groups of singulated
Sintegrated circuits. 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 10assemblies J?a each of which is moved horizontally
(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 llb is actuated
up and down by a respective individual linear motor 11d. Once the servo motor 10b has moved the net

block 10a to 15the,fean, e FusiEme iR AGING, AL RIGk MalRdngR AR oliReH e assemblies

lla into register (in the direction Y) with one of the rows of singulated units 7a. Each individual unit lifter

11b lifts a respedfiferisheobrrhildisgpiRissumigiena Nl thatddisneelfrrionmanttrecareyiaultticated

by the arrow 11f o b el e Snbplind OB ISRRCHIP ARINA TR 4 EenBOdTRIR 1haY heranyspenber of
camera(s) 11el and, like the net block 10a, each of the cameras 11e can be moved in the Y direction.

In Fig. 11(a) thert¥ fi& Q5HHgd) caRUpL i fBe g RIGHMDHS PRt rGrReisdsstisharéPiced apart

in the Y diregtion, and movable between these positions, as indicated by the 25arrow 11g. 20 Thus,

each unit 7a Canpﬁepgﬁé%%ﬁepggﬁirfw@%eb %%%aqhhelrnp%n ersﬁ%llmt gsr%%rtl%llock can be seen from

Figure 10(c). The required tolerance to place an entire supply of integrated
circuits from a diced substrate would be extremely small. For instance, the
alignment of adjacent integrated circuits amount to 0.3 to 0.5 mm, being equal

10  to the margin of adjacent integrated circuits. Instead by using a chequer
pattern, with interstitial raised portions, the tolerance is equivalent to the full
width of the integrated circuits. Consequently, the ease of manufacture
improves considerably.

15 The process shown in Figures 10(c) and 10(d) demonstrate the effect of the
chequer pattern. A substrate 1b is diced into a plurality of singulated
integrated circuits 7a. Rather than to be processed as a single group, the
process according to the present invention divides the total number into two
groups, in this embodiment, two halves 10q and 10s.

20
As shown particularly in Figure 10(d), the net picker holds the singulated
integrated circuits. The net picker selectively places the first group of
integrated circuits 10q into the recesses 10d of the net block 10a. The net
block delivers 10t the first group 10q to a pick up zone 10u, where the first

25 group 10q are removed. The net block 10a is then rotated 180° 10v and
returned 10w to the position beneath the net picker. However, in the rotated
position, the recesses 10d are now directly aligned with the second group of
integrated circuits 10r. Accordingly, the second group 10r are placed in the
vacated recesses 10d, and the second group delivered to the pick up zone.
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position relative to one of the cameras ii e. Note that the ball grid array is facing downwards. The 2-D
images captured by the camera(s) lie are input to a computer system for inspecting the status,
condition, features and patterns of the balls. For example, if any of the balls have become detached
from an integrated circuit, this can be determined straightforwardly. Optionally, this may include
determining sophisticated parameters of the units, such as their offset relative to a preferred position,
their co-planarity and their warpage. 10 Based on this determination (and the results from the earlier
quality determination based on the output of the cameﬂé’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 15unit lifter lIb to place the corresponding unit on the normal unit tray

12d or on the abpormal unit tra e. Considering the ljifter assemblies in detail, attentjon, is drawn to
Figures 11(d) an P g)arlg&é?é’tﬁ’éi?tg?'ﬁses@d%%(ﬂ ?Lni%%?ﬁfﬂ%ggsaasmgﬁﬁlﬂﬁ%oa? ’Ii'l'?e%raﬁbassemblies
11b, each adaptethtr eordagtanehésn gag®dyimdike pad send ltatedtiotegrayebectouterepldtae unit lifter
assembly 11b comprises ab us nted to a frame 11r. Through the centre of the body 11s is a
bore 11t which a@%@%%@r@ﬁ?ongﬁ%ﬁg %%Sét%ee&é‘s%tﬁré‘ ggﬁg'pa gdb rg%%scsljurrar? Fé)%Pl/Jrce (not
shown) to the entjageiveatsengld hhtdfltuk body. Thed I6ntheutwo gresmseisumpda®engage the

integrated citcuit, A} y 11b is brought into contact or proximate to the integrated circuit
whilst on thelfgnetxg%g\lﬁ/ %%mfclatﬁ% body into the upper position, as well as raise 11p the body 11b

following pick up of the integrated circuit 7a. The process of lowering the body involves a resilient
%im the upper

member, in this 'grégﬁl[&!, ich s h in.ecom i0. enthe b (S {
position. On seléﬁ?\%ﬁlrgresgge of t e%%ﬁgeﬁi%ﬁg@%ﬁqﬁ% %c?(H I% :@EJEE gqg(gfr%%t}gg\ o release,

and so lower 111he piegdignecannsientent @nd 11 irie. doreadeakingonphexidiraeties thelihtegrated
circuit 7a. The loWgngREASERS 4 vLIsE S VSN P s IRAY D FRRitatRe by a damping

device,
10  assemblies 11a, each of which is moved horizontally (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

15 the rear of the system, rotation of the net block 10a brings each of the lifter
assemblies 11a into register (in the direction Y) with one of the rows of
singulated units 7a. Each individual unit lifter 11b lifts a respective one of the
singulated units 7a, and moves the lifted unit in the direction indicated by the
arrow 11f to be above a ball vision inspection camera 11e.

20
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

25 arrow 11g.



10to avoid excessive energy being imparted to the integrated circuit 7a by the energy of the spring
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 12c 15 into the place of the removed tray. This performed by a
tray lifter assembly 12. Fig. 12(a) is a top view of the tray lifter assembly 12, Fig. 12(b) is a view of the
tray lifter assembly 12 looking in the direction X, and Fig. 12(c) is a view of the tray lifter assembly 12
looking in the direction Y. 20While the normal unit tray 12d and abnormal unit tray 12e are being filled,
these trays are located at positions along a linear convéyor 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. 25 The structure of the mechanism for removing the full

ich in tun is capable offting a tray. 25 The structure ofthe mecharism fo removing the
normal uni 12y 100 SR SO DR o D00 o ot LAy Bk ey Ay Wale 121 anl

an abnormal tray Fpﬁl@ﬂéqu elaties t@{@'ﬂ@l@ﬁﬁ?%@@ﬁ%ﬁ@ 14 sldDimEhabthtabah@Rth&ITBYi ik rests on is
conveyed in the 22.diregHamRRPESIEEAR ¥ BIGRG AdLadinlReand FRKEHRE-LEs) 19 8 SrImpliray stack

assembly 13. At the normal tray stack assembly I3, the trays filled with normal units removed from the

plate 12i and stadRed fY ARG HEAUSRHNERARIEGYER Fiadéatca N iHRJRsUSE.A08ually, at least
30 trays may=pe 3sipekas o1 the Bass Iy &dnpiiailarbnyvbemihsaRnoeab Eayme Qi ditieet 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, t5UR 2BriBiaskpted drskit Jhis cemberdeigrpines sigightigrwardly. Optionally,

this may include determining sophisticated parameters of the units, such as
their offset relative to a preferred position, their co-planarity and their
warpage.
10
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
15 unit lifter 11b to place the corresponding unit on the normal unit tray 12d or on
the abnormal unit tray 12e.

Considering the lifter assemblies in detail, attention is drawn to Figures 11(d)
and 11(e). Here the lifter assembly 11a comprises a plurality of unit lifter

20 assemblies 11b, each adapted to contact and engage an individual singulated
integrated circuit 7a. The unit lifter assembly 11b comprises a body 11s
mounted to a frame 11r. Through the centre of the body 11s is a bore 11t
which acts as a conduit to provide a negative pressure generated by a
vacuum source (not shown) to the engagement end 11h of the body. The

25 vacuum pressure is used to engage the integrated circuit 7a, when the body
11b is brought into contact or proximate to the integrated circuit whilst on the
net block 10a.

The mounting of the body 11b to the frame 11r involves a linear bearing, and

30 arack and pinion 11k, 11m arrangement. This arrangement is used to lock



10assembly 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 1512d, 12i, 13, 13a,
13b, 13c, 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 12d or abnormal tray 12e is removed, the
tray lifter unit 12a carries the vacant 20tray 12c into its 8&;\ce. 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 consists of a vacant tray stack unit 15 where vacant trays are stacked in a 25region 15a

under the control t%%%‘ﬁﬁ;lﬁih‘l%c%ﬁ%%}ﬂoé%ﬁﬂ%‘ %@QN@L%EG A% ”i“@%ﬂ‘é %%?ﬂgq bg &ﬁ!%%he'amc storing

at least 30 vacant trays),"and a linear conveyor 15d which conveys vacant frays along a track 15c¢ from
the vacant tray statk witof3he ihegeigdeitast The structure of this mechanism is shown in top view
in Fig. 13, and in Fig. 15 looking in the direction X. 23 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, B FHfigS® ShiowpENT HhBRAYIIRY Bhesssaffiepiion Mmae@behdmiBisupmsenday then

be placed in gne gha Y MR AIRPRIBIA!HUbHIEKAEANMEE RENDHBPR PRSP e’ pgstified.

Although only a single embodiment of the invention has been describedin detail many variations are

possible within thESHEBR- P IeelsriNedifleasRIPhE @ dar iR RIRiANdader! 1m lock, the spring

is permitted to release, and so lower 11h to place the engagement end 11h in
contact with, or proximate to, the integrated circuit 7a. The lowering process
11n, whilst driven by the spring 11i, may be controlled by a damping device,

10  to avoid excessive energy being imparted to the integrated circuit 7a by the
energy of the spring 11i.

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¢

15 into the place of the removed tray. This performed by a tray lifter assembly 12.
Fig. 12(a) is a top view of the tray lifter assembly 12, Fig. 12(b) is a view of the
tray lifter assembly 12 looking in the direction X, and Fig. 12(c) is a view of the

tray lifter assembly 12 looking in the direction Y.

20  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 fray lifter unit 12a which in turn is
capabie of lifting a tray.

25
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

30 tray 12d is filled, the normal tray plate 12i it rests on is conveyed in the



24 Claims 1. A system for positioning integrated circuits singulated from a substrate, the system
including: 5a net block having a surface for receiving the integrated circuits; said surface at least
partially covered by a two dimensional array of alternating first and second elements arranged in a
chequer pattern; each first element adapted to receive an integrated circuit and each second
element projecting from the surface; 10a transport means for transporting the integrated circuits to the
net block and positioning a first quantity of the singulated integrated circuits in register with respective
first elements; and urging means for urging the portion %?integrated circuits into the respective first
elements. 15 2. A system according claim 1 wherein the urging means includes at least one aperture
in a surface of each first element, said aperture facilitating communication between the first element

‘;‘Sgtii ;’f‘gg“m SOYIHBRSRYHE (S PETHG A SR AP USRS 143 ths Arsbeieangat by
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

5 stacked in the assembly 13.

Similarly, when the abnormal tray 12e is filled, the normal tray plate 12 it rests
on is conveyed in the direction opposite to Y direction along a track 14c by a
conveyor 14d, to an abnormal tray stack unit 14. At the abnormal tray stack

10 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

15 12d, 12i, 13, 133, 13b, 13c, 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
12d or abnormal tray 12e is removed, the tray lifter unit 12a carries the vacant
20 tray 12cinto 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
consists of a vacant tray stack unit 15 where vacant trays are stacked in a

25 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

shown in top view in Fig. 13, and in Fig. 15 looking in the direction X.
30



3. The system according to claim 1 2 wherein the net block surface faces upwards whereby gravity
urges the integrated circuits into the first element. 4,The system according to any one of the preceding
claims wherein said 25 net block is rotatable such that on delivery of the first portion of integrated
circuits, the net block is rotated to permit a second quantity of singulated integrated circuits to be in
register with the first elements. 5.The system according to any one of the preceding claims, wherein
30each dimension of the two dimensional array comprisgs an even number of elements; 25 6. The
system according to any one of the preceding claims, wherein the total number of first elements is
equal to half the number of the integrated circuits singulated from the substrate; 5 7. The system
according to any one of the preceding claims, wherein the urging means further includes sides of said

second elements\iaighh fRadar A g alanaRtRior sl iy it Adingeg irst
elements. 10 8.The system according to any one of the precedin clalmsl urther including a net block
@2}5}@.?@

driving mechanisPXfPRRVIR G PRacHERIhER Of the rrabgdiernh &'aity GASEMIRE preceding
claims further inclueingr Eepiafiei nrerdiIsy  éoM@igRIGheuMIrank, thejedyretatisng thed Ssurface

in its plane.  10. A substrate dicing S}{‘stem comprising: _
abnormal units may then be placed in"one of a number of abnormal unit trays

5 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

clear to a skilled reader.



a dicing machine for dicing a substrate to form singulated integrated circuits; 20a net block having a
surface for receiving the integrated circuits; said surface at least partially covered by a two
dimensional array of alternating first and second elements arranged in a chequer pattern; each
first element adapted to receive an integrated circuit and each second element projecting from the
surface; 25a transport means for transporting the integrated circuits to the net block and positioning a
first quantity of the singulated integrated circuits in regj ier with respective first elements; and

urging means for urging the portion of integrated circuits into the respective first elements. 26 11.The
system according to claim 10 further including a flipper unit for inverting the singulated integrated
circuits before the transport means transports them to the net block. 512.The system according to
claim 10 11 furtherincluding an inspection section for inspecting the integrated circuits after they are
positioned on thé net block to verify the status of electrical contacts of the integrated circuits. 13.
The system according to claim 12 including a drive mechanism for 10 moving the net block to the
inspection section of tha sysiem. (dpAs sy intdiatlagidaeratesrirsidts fingulated from a
substrate, the method comeﬁ:ising the steps of: transporting the integrated circuits to a net block

having a surfaceStrStttsodRengyieThiegidigeircuits;

5 a net block having a surface for receiving the integrated circuits;
said surface at least partially covered by a two dimensional array of
alternating first and second elements arranged in a chequer pattern;
each first element adapted to receive an integrated circuit and each
second element projecting from the surface;
10 a transport means for transporting the integrated circuits to the net
block and positioning a first quantity of the singulated integrated circuits in
register with respective first elements; and

urging means for urging the portion of integrated circuits into the respective
first elements.

15
2. A system according claim 1 wherein the urging means includes at least
one aperture in a surface of each first element, said aperture facilitating
communication between the first element and a vacuum source, whereby the
respective integrated circuit is urged into the first element by suction.

20

3. The system according to claim 1 2 wherein the net block surface faces

upwards whereby gravity urges the integrated circuits into the first element.

4. The system according to any one of the preceding claims wherein said
25  net block is rotatable such that on delivery of the first portion of integrated
circuits, the net block is rotated to permit a second quantity of singulated

integrated circuits to be in register with the first elements.

5. The system according to any one of the preceding claims, wherein
30 each dimension of the two dimensional array comprises an even number of

elements;



said surface at least partially covered by a two dimensional array of alternating first and second
elements arranged in a chequer pattern; each first element adapted to receive an integrated
circuit and each second element projecting from the surface; and 20urging the integrated circuits into
the respective first elements using urging means. 15. The method according to claim 14 further
including inverting the integrated circuits before inserting them into the first elements, so that
25electrical contacts on the integrated circuit face the net block. 16. A method for manipulating a
plurality of singulated integrated circuits comprising th@gteps of :  Atafirst position, urging a first
guantity of the integrated circuits onto a net 30block having a surface for receiving the integrated
circuits; 27 said surface at least partially covered by a two dimensional array of alternating first

and second elements arranged in a chequer pattern; each first element adapted to receive an
integrated C|rcun6and eq,%h se%?nrgl1 %Ig(r;p)enft r%ectln%fro l;lf surfac 5rré e\{ll net. blgi:k toa
second position; dlsplacmg Tt uant ﬂom LA Po?atlng &het Brotk T8y Within a

plane defined byt¢hal wnm@ﬁmmmms |srmwagtmlealfelmblmkmbdn@fQMMQmme@tlon back to
the first position; C]T%r% g@%gggqrgwmgy Q‘fb@?a@tegrated circuits onto the net block; moving the

net block to the secon tion, and

7. The system according to any one of the preceding claims, wherein the
urging means further includes sides of said second elements, which are

arranged to guide misaligned integrated circuits into adjacent first elements.

10 8. The system according to any one of the preceding claims further

including a net block driving mechanism for moving the net block.

9. The system according to any one of the preceding claims further
including a rotation mechanism for rotating the net block, thereby rotating the
15  surface in its plane.

10. A substrate dicing system comprising:
a dicing machine for dicing a substrate to form singulated integrated
circuits;

20 a net block having a surface for receiving the integrated circuits;

said surface at least partially covered by a two dimensional array of
alternating first and second elements arranged in a chequer pattern;
each first element adapted to receive an integrated circuit and
each second element projecting from the surface;

25 a transport means for transporting the integrated circuits to the net
block and positioning a first quantity of the singulated integrated circuits in
register with respective first elements; and

urging means for urging the portion of integrated circuits into the
respective first elements.

30



displacing the second quantity from the net block. 17. The method according to claim 16, wherein
each dimension of the two 15 dimensional array comprises an even number of elements; 18. The
method according to claim 16 or 17, wherein the total number of first elements is equal to half the
number of the plurality of singulated integrated circuits; 20 19. The method according to any one of
claims 16 to 18, wherein the urging means further includes sides of said second elements, which are
arranged to guide misaligned integrated circuits into adfk%cent first elements. 2520.A unit lifter
assembly for lifting singulated integrated circuits, compfiSing at least one unit lifter assembly, the at
least one lifter assembly comprising : A body having an engagement end; A first biasing means for
resiliently moving the body from a first position to an 30 engagement position; 28 Vacuum

communication mgans %@%@ﬁ'%@&ﬁ’@%‘%@ﬁ% Wh%QrIHPM’&iﬁQCFQ'?I?f!%ﬁ@#'i}%i?'?@ageme“t

end of the body, su(:h that the 1 engages the singulated integrated circuit at the engagement end
through suction; Besteahenfisaigatrb iygeratrstpitctits adoedhetha sy rsémsposition to the

first position, andganseavembrifiing,he singyéated integrated circuit. 21. The lifter assembly
according to claim 20, wherein the first biasing means includes a resilient member for resiliently
moving the body.

5 12. The system according to claim 10 11 further including an inspection
section for inspecting the integrated circuits after they are positioned on the

net block to verify the status of electrical contacts of the integrated circuits.

13.  The system according to claim 12 including a drive mechanism for
10  moving the net block to the inspection section of the system.

14. A method of handling integrated circuits singulated from a substrate,
the method comprising the steps of:
transporting the integrated circuits to a net block having a surface for
15  receiving the integrated circuits;
said surface at least partially covered by a two dimensional array of
alternating first and second elements arranged in a chequer pattern;
each first element adapted to receive an integrated circuit and
each second element projecting from the surface; and
20 urging the integrated circuits into the respective first elements using

urging means.

15.  The method according to claim 14 further including inverting the
integrated circuits before inserting them into the first elements, so that

25 electrical contacts on the integrated circuit face the net block.

16. A method for manipulating a plurality of singulated integrated circuits
comprising the steps of :
At a first position, urging a first quantity of the integrated circuits onto a net

30 block having a surface for receiving the integrated circuits;



10 22. The lifter assembly according to claim 21, wherein the, resilient member includes a spring
mounted between the body and a contact portion of the lifter assembly. 1523.The lifter assembly
according to any one of claims 20 to 22, wherein the second biasing means locks the body in the first
position until releasing means disengage the second biasing means, permitting the first biasing means
to move the body. 20 24.The lifter assembly according to any one of claims 20 to 23, wherein the
vacuum communication means includes a conduit to communicate negative pressure between the
vacuum source and the engagement end. 25. The Iift(ﬁjassembly according to claim 24, wherein the
conduit includes 25a bore within the body. 26. The lifter assembly according to any one of claims 20
to 25, wherein the second biasing means includes a rack and pinion arrangement 29 27.The lifter

assembly according to claicgn 2 wherqin %}e%ra}ﬁk is attached to th I%ogll}/? and the pinion g}tached toa
t ody

locking portion of the lifta) as?éjen%BFyaéugﬁ 3 'aellgir?%\ﬁecri%vebé' e Fonrﬁ'ﬂpea{a%ggéement position

to the first positiaitebnadnd hieskfearcasseonil e leccerdingrtasgydoneactwiajnes patter2i7 wherein the lifter
assembly comprises a B%ﬂ"ﬁ)‘s?femgﬁ?ﬁ@gﬁ%@%el%ceive an integrated circuit and each

second element projecting from the surface;

5 moving the net block to a second position;

displacing the first quantity from the net block;

rotating the net block 180° within a plane defined by the surface of the net

block;

moving the net block in the rotated orientation back to the first position;

10 urging a second quantity of the integrated circuits onto the net block; |
moving the net block to the second position, and;

displacing the second quantity from the net block.

17.  The method according to claim 16, wherein each dimension of the two

15 dimensional array comprises an even number of elements;

18.  The method according to claim 16 or 17, wherein the total number of
first elements is equal to half the number of the plurality of singulated
integrated circuits;

20
19.  The method according to any one of claims 16 to 18, wherein the
urging means further includes sides of said second elements, which are

arranged to guide misaligned integrated circuits into adjacent first elements.

25 20. A unitlifter assembly for lifting singulated integrated circuits,
comprising at least one unit lifter assembly, the at least one lifter assembly
comprising :

A body having an engagement end;
A first biasing means for resiliently moving the body from a first position to an

30 engagement position;



29. A method for lifting a singulated integrated circuit comprising the steps 100f : resiliently biasing a
body from a first position to an engagement position using a first biasing means; engaging the
singulated integrated circuit at an engagement end of the body using a vacuum means; 15biasing the
body from the engagement position to the first position with the singulated integrated circuit attached
using a second biasing means. 30. The method according to claim 29, further including the first step

of releasing the second biasing means so as to permit rzegc,ilient biasing of the 20body by the first
biasing means.

Vacuum communication means capable of placing a vacuum source in
communication with the engagement end of the body, such that the body
engages the singulated integrated circuit at the engagement end through
suction;

5 A second biasing means for moving the body from the engagement position to

the first position, and consequently lifting the singulated integrated circuit.

21.  The lifter assembly according to claim 20, wherein the first biasing
means includes a resilient member for resiliently moving the body.

10
22.  The lifter assembly according to claim 21, wherein the_resilient member
includes a spring mounted between the body and a contact portion of the lifter
assembly.

15 23.  The lifter assembly according to any one of claims 20 to 22, wherein
the second biasing means locks the body in the first position until releasing
means disengage the second biasing means, permitting the first biasing
means to move the body.

20 24. The lifter assembly according to any one of claims 20 to 23, wherein
the vacuum communication means includes a conduit to communicate

negative pressure between the vacuum source and the engagement end.

25.  The lifter assembly according to claim 24, wherein the conduit includes
25  a bore within the body.

26.  The lifter assembly according to any one of claims 20 to 25, wherein

the second biasing means includes a rack and pinion arrangement



10

15

20

29

27.  The lifter assembly according to claim 26, wherein the rack is attached
to the body, and the pinion attached to a locking portion of the lifter assembly

such that the pinion drives the body from the engagement position to the first

position.

28.  The lifter assembly according to any one of claims 20 to 27 wherein the

lifter assembly comprises a plurality of unit lifter assemblies.

'29. A method for lifting a singulated integrated circuit comprising the steps

of :

resiliently biasing a body from a first position to an engagement position using
a first biasing means;

engaging the singulated integrated circuit at an engagement end of the body
using a vacuum means;

biasing the body from the engagement position to the first position with the

singulated integrated circuit attached using a second biasing means.

30.  The method according to claim 29, further including the first step of
releasing the second biasing means so as to permit resilient biasing of the
body by the first biasing means.



