1 Inproved Net Block Assenbly Field of the invention
The present invention relates to-a saw ng and sorting
system The system interacts with, or includes, a.

di ci ng machi ne which saws ("dices") a substrate 5
with many integrated circuits formed onto it to

singul ate individual integrated 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 simltaneously on a ‘sem conduct or

substrate, and the s di c _toform
i ndi vidual integr atllm V8l et BISGER i's known

for feeding substrates into such a dici ng machi ne,

andiefaof herinvenfiarhe diced integrated circuits. 15 One

type of integrated circuit which is becom ng

. . . . ¢

i £ e PR relfe s @ pRYiseannySebhdavsiam he system
Knioneraas with béd incliided érdlé‘MgHﬁé&ﬂﬁ@ﬁmdwlé‘iﬁ‘%a%dﬁdic@s" a substrate
non- | eaded packages nown as a

5 lethéaa@dlqt@ﬁ}e®ma@%§9rmeﬁ an’ioatt r’tayﬁlmgula’taaelmn‘ivmmaﬁ integrated
MaLinl,its! %%vagrqﬁorg#‘\?rltﬁegr & t%gstggé‘:’%a%@ t@ ﬁ,ggclzh a sawing

grid array on one o i'ts S
pearhcd)lsnﬂmxngsterhhe surface of .the substrate carrying
the balls facing upwards. It is known to performa

ted nug‘o of .sorting operations on the
&%%ﬂ?—@@—i[QQ’Md circuit units to detect abnornal
(faulty) units. This is perforned using cameras under
whi ch the singul at ed units pass. The |evel of

10 sopAN¥entionallpa peralitchf integraieguesuits ame ésrendd }mmultaneously ona

e hEEnebBpP Sbse"Bpo he bEBTFasR ik ke SRt m svicua

subeégrateei cieuitst Appakkats 3 I@fovwﬂfdri’feé(ﬁn%%'u%%frsges%toasuch a
Ielfafault|5|dent|f|e ecause It 1Is

igthgerashipfgang F@%ﬂﬂ'%ﬁ‘ﬁdlcﬁﬁ lmtﬁgraia@arcatt@ with
the lines cut by the dicing machine is not
sufficiently accurate).
15 One type of integrated circuit which is becoming lncreasmgly popular is one

having an array of multiple electrical contacts (typically soider 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 di.cing 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
faoing. 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 ievel
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).
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2 During this process, the units are handl ed by

devi ces which touch the integrated circuits at the

edges of their upper surfaces, at the margi ns which

are outward of the area of the upper surfaces covered

by the ball grid array. 5 Contacting the circuits

there reduces the risk of damage bei ng done to the

array of balls. However, this handling operation is a
difficult one, and is beconm ng increasingly nore
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 ains to
provi de a new and useful systemfor positioning

i nDegnatiid process, theinhits asbhandied HyydesiicgvBichiueh the
substrate. .15.1n first aspect, the invention
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rated circuit and each second el enent projecting

inte

f r%’ﬂﬁgmﬁe”@[ﬁ'f‘aﬁf@w%thﬁ? pahgpdarrayeinksor transporting

the integrated circuits to the net block and

positioning a first quantity of the singul ated

i nbeomaargdf dive cuieinsionn regi ster with respective first

el enents; and urging nmeans for urging the portion of
integrated circuits into the respective first

el ERE : t [ tJ T
or ot rvent #erfioR ARG BAREEE nok 4 RT3l for positoning
di Biegjatesictirtovd ynits ehitained by siopsibtiag @ dubstratan

singulated integrated circuits; a net block having a
surface for receiving the integrated circuits; said
suinfafist abpbetic Paehiieh by idaes & IM3itioning i

di nensi on_alp a?ra of 30 gl ternati ggt%])‘r? fbsrtb%a%};cl(?né%gcg}t]%grated

el %Fﬁé‘r@ss'ﬁ@ﬁl&ﬁ%éoﬁha SUbniEafige thepaystemncorapidsing iarmstt 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: a
transport means for transporting the integrated circuits to the net block and
posifioning 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.

In a second aspect, the invention provides a substrate dicing system
comprising a dicing machine for dicing a éubstrate 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

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



3 elenent adapted to receive an integrated circuit

and each second el enent projecting fromthe surface;

a transport neans for transporting the integrated
circuits to the net block and positioning a first
quantity of the singulated integrated circuits in
register wwth respective first elenents; and urging

means 5 for urging the portion®f integrated circuits
into the respective first elements. In a third

aspect, the invention provides a nethod of handling
integrated circuits singulated froma substrate, the

e forek 1 RIS ; |

o R P R bt LRI b o element
f oprojectingciedwithg suacea égnaperd neearesuiot Sranspodingthtdstegrated

! i d. by wo di i opal .
o LS 90 s TPl g i shedThiedhgeuaurtee
ChpgegrataEiraif; in #8gBtdrivif re2hBBEBVY fidd 8RIehts 0ah@ EREME means

an_integrated circuit and each second el enent

S pr @reegingghe poriarhel istagraied; ciepwits umtgithe reswrective first elements.
integrated circuits into the respective first elenents
using urging neans. 15 In a fourth aspect, the

| nireathichagpent] thesnvemtirhodvides aaftied 8t hatdidg integrated
plural.jty qf sgsr? ul ated i nte%rated circuits
coftpty 'isi %@QH' Aie gf’p?sa pebsitate, ferrpethesssampising theystapsaof
fi ithey i LR BQT Bt bbEK LS 1
) S 49 ks LA e BERLCHREH RN By
10 ci repgiving theaintegratdcaciecuits; saidsturfzaptatadast p2tialiywvenesed by a

b di. ' | .of .alt ti i rst d
oot e T S o et 53t B aepoRR elesnaits dsanaed in 2
fi eiséquedreymialn;askaipt @dt él@n’f&ﬁ%‘d\éﬁté@f‘to feRERE" ﬁe]qeqrﬁ\’éed circuit

circuit and each second el ement projecting from
sufh@each speontk glamentiuojastiog frano the setare] apoisirgiranthe

ol T AR s e Bt T et nadrBismegre.

15the surface 25 of the net bl ock; noving the net bl ock
inth(?r tated orientation back to the first '
potfi i Qiﬁ’i,'h BPREGIgtNE IBvRHiN RigNifasty methedhiorimeeigulatiog a plurality

P SBa0 RQBIAPL N SHp T e LD B o
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.
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quantity fromthe net block. 4 In a fifth aspect, the
invention provides a unit lifter assenbly for lifting
a singulated integrated circuit, conprising a body
havi ng an engagenent end; A first biasing nmeans for
resiliently noving the body froma first position to
an engagenent position; vacuum conmuni cati on neans
capabl e of placing a 5 vacuum gource in conmuni cation
with the engagenent end of the body, such that the
body engages the singulated integrated circuit at the
engagenent end through suction; a second bi asing
MeARSHffrPAs Y] e ihvhtRPdrolicedd ket nﬁé}%@ﬁmg for lifting a
position to the first position, and consequently

| isfngugtedrategsatag wiratibdcarmpiging eebdyl haxing aniehdagement end;
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t lemgagepeno bosition) Vasiny cbh‘ﬂﬁlimﬁgat&)lbmé)an%rda?)‘_e I 6 Slhcing a
pOSItlon to an engagenent pOSItlon using a 1 rst
bVASIHE SRUTRS I B RIHEAaRaN TG HheEngagamprt v at the body, such

Cith & s
CURtY By AT D ROBSL B B ron

pdBiatigbrsuctionha seterd bigsig tmeans bt moving the mgualyatad the

i nt egrate ircuit attached usin second hj asin

meoBh R Bet o B4 BT e iBbe e SREGammb TG the
prevmpsieRdtifigrated@ircupn of integrated 20 circuits
obtained froma singulation process are placed onto a

net block having a square array of first and second

el RNk aded 'E‘,th&"iﬁ\%frﬂibﬂgar&'xi%g!atm W YoP ifiRg P8hblRAed

is inserted into a respective i OF eolemant, the

s éctegdated|cinceit coambaistrepthecstpp® vE resilientie gisdieg adiodyUrdrs a first
being.inserted. 25 Each first elenen Y i ncl ude at |

! Gt 8 i, Ehgdeing ras iah UBBO LT hiRging means; engaging the

C ifNA LA hRiyraifet TirkuK 28 WANBrRRiGeaRer @ndldehé BB dy using a
respective integrated circuit™ "unit into the first .
el \@&FEHM Megns heipaibedhe thiedyieam phe eRgagerhentpositiomtethe 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
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.

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.
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upwards so that gravity helps to urge the integrated
circuits into the pocket. 5 The net block nay be
arranged to be noved by a drive neans to a section of
the systemin which an inspection process is carried
out on the singulated u n its. 5 The net block is
particularly suitable for positioning integrated
circuits having electrical cogtacts (such as sol der
ball s or non-Ieaded pads) on one face, and which are
laid onto the net block with the electrical contacts
facing towards the net block. However, the net bl ock

rcu havi .

, Thel A A8 SHSRo AL SR8 BETED S Uil PR R socton o
catlge styhiam inhehith aminsgeetidpicesslid Sarfied didioh BBtsthdlated
vvlth the electrical contacts facing away from the net

tﬁ Brief Description of The Figures 15 It will be
convenlent to further describe the present invention
with respect to the acconpanying draw ngs which
i ITheskethleckissrarticatly suitgidedor sosifionihg integraet ichouits having

o ts . of th t d
OSBRI APTEE P o 3Pl T B BB e, anc
dnevicmage iz6d Oﬁto ﬂn@ Mt bIGEIORRE LA | A8y esﬁ@%% fé% i%ﬂ%wards

geperality of the preceding description of
i 1@ Ret BWCKFHQWGYGB)’[W gehblogls is/nelliroitecitp Sml'egﬂegratbd circuits

h.
%&m%nt 0 %qpﬁﬁé% |ondSt§TieS gé}w\%\;ecrf @I sﬁaﬁg thatihe
ofln’r&gpaied cotuntmereelaimbdn#mhwnbfth@etbctrlcél @oktdids fdting?Bway from

t tion Y shown in Fig. 1; Fig. 2, which is
gﬁ% LEF |‘ Figs. 2(a) to 2(c), shows a | oader

assenbly of the enbodi ment of Fig. 1; 6 Fig. 3 which

is conposed of Figs. 3(a) to 3(c), shows a inlet rail
Brief Description of T e Figures

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 possiblé, and
consequently the particularity of the accompanying drawings is not to be

understood as superseding the generality of the preceding description of the
invention.

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



assenbly of the enbodinment of Fig. 1; Fig. 4, which is
conposed of Figs. 4(a) and 4(b), shows a section of
the enbodinent of Fig. 1 including a twi n chuck
table; 5 Fig. 5is a first view of a cleaner unit of

t he enbodinent of Fig. 1; Fig. 6 is a second view of
the cleaner unit of the enbodinent of Fig. 1; Fig. 7,
whi ch is conposed of Figs. 7(a)gto 7(c), shows a
heati ng bl ock assenbly of the enbodi mnent of Fig. 1;
Fig. 8 which is conposed of Figs. 8(a) to 8(c), shows
a flipper unit of 10 the enbodinent of Fig. 1; Fig.

9, which: | f..ELOS o ). shows an .

Vi o unt 19 BRI $OaPosk T Fidktah P FSang e Tyt

10 asvdrnbly ofsthe @miosdithent ofFigs 1; 10(a) to 10(d), shows a

net bl o?_J,( as er\jgly of the enbodinent of Fig. 1; 15

Fig. 11! 'Qmﬁzé“ﬁ"? IscenmpBRRd of Figs gd(a) end(bi.showsey section of the
h na a : \FA jgent of Fig. 1;

i 8?“"?"1"?}'*"&%? @LF'%%?%%@%% "3@”%“8@?%%‘5) to 12(c),

5shows aFig.dyisla fitst vievaske nisayeotinit loé trerbodiodenéntadf Fig. 1;
Fig. 1; . Fig.13. t. i.ew of the tr lifter, .
Lo 76 Eiebrt S8 il S Pl Ll o i
assenbl ¥ig.am vahew [S@mpssad ot Figki @) as TEEOLN0WE S eating block
vacant tray stacking assenbly; Fig. 14, 'which is
coRpeamalyodf the gambadignt ahtigi4d{ b) , shows t he nor nal

c ki ' tacking,. .
nseombl § o A Bnipdfi BR88 Bl I BORLAGHE Bper unitof
1Otr#3esmamldimg?1asfﬁégb1n;% 8f Fi g. [1:3 251De;ai Ihed .
Descri pt, 1 nts Figs. a). shows the .
Dosoct PP, O LA CTBOUIIPHY 1 42, 367) Shore hee o
an@ssércabwcsr%ése?ﬁmwah@egc@. an enbodi ment of the
In Fig. 1(a) the

i nvention.
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  tray stacking assembly, an abnormal tray stacking assembly and a vacant tray
stacking assembily;
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



7 systemis viewed fromabove. It is conposed of two
sections, a dicing section and a sorting section. Two
hori zontal directions are marked X and Y. The saw ng

and sorting systemis for sawi ng and sorting

substrates which 5 include a plurality of integrated
circuits. The systemis particularly suitable for
integrated circuits each of whigh is provided with an
array of contacts on a side of the substrate which is
initially facing upwards (however the system may be

nodi fied for other sorts of integrated circuits, as

de i [,ns i nto.. ;
ey S hF S, MR e irom cBByE P LB as AL G i ER s, Aigng section
1. aRdansorieglseatien. Bes dobikyntal tinectsmssireanhakedr’é¢ and Y.
carried to an inlet rail assenbly 2. At this stage

the substrates are exam ned using a first canmera 3,

namhleysdvwing Beeksdridg sydtensidist salg aHesHing sti¥Bates which
suitable for use in the sawing and sorting system 15

5 As INfd4de ppliérality fdnigoratedchinuits hehessitsiemas @arfiridariy suitable for
X < F o : pase!
RSB, A MR AR, SPET LA on

di sidegofrthesubstratecwhichés irdtiatydfaaingaumivargs t(hoksoanthe system
desi gn escri bed here in detajl

20 MRLD8; a@ﬁﬁf@‘ﬁﬁﬁ%ﬁg@r&ﬁ@n%@éafgdkﬁ*r&%&ﬁﬁ descrifiest elow).

t hehel sidstrat@ardihssrtdd tio PheIshadm FHY Rseb&BE ekird foader
6, to a heating block assenbl él 7. Fromthere, the
Y

10uniassepRis T tiyom the lepder assamBly Wihersubsiatetesrs cardddita an inlet

part! geranay 2 M Hage Hiay e e Biariter A mG AT

ar eatrieza 3; ecgnlyed chygclithatdhe substratassea®f ¥ tYpe suitable for use in
i n¢l udi ng a second 25 canera. Subsequently, the
Si @%F%Wg@ @ﬂff?%mﬁgsﬁ’sﬁe‘d“-a net bl ock assenbly 10.
Fig. 1(b) shows the portions 2 to 10 of this system
fromthe direction marked A in Fig. 1(a). A frane

151 | Asedespsibeiin detaildialawethehsuhstigpieon pasoisa Ayinactdicktabke 4, from

sh ' i.ff sitiaons which it successivelLy._ .

adgm?%ﬂ &fbﬁrgﬂ%égﬁﬁﬂg @?&C@@ r'lnﬂtéhlg%q gﬁted general?y as % 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
Ain 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.
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8 The singulated units are picked up fromthe net

bl ock assenbly 10 by a lifter assenbly 11A. They are
then i nspected by a ball vision inspection canera
assenbly 11 B which exam nes them from beneath. A
conmput er systemuses the data obtained at this step

to make a determ nation of the quality of the 5 units,
and accordingly controls the I gfter assenbly 11A to
place theminto one of two trays 12d, 12e. A vacant

tray is kept at position 12c. Once filled, the trays
12d, 12e are noved (in the direction which is

d j i 1 :
O SPGRIaA T o Bhkea LRI the L bloRk B3efTTD by a liter
t ragsesitig kit AgTheg enblherlinspacteddy 4 bal eisiars impbbtyorlﬁamera

noves nt, .tray 10 fr Si t to re

i ey 5B ) Bhamined BER I3 beReFnfsknP RBr fiiem uses
vanariatd bBlined SOWRIstep tsoﬁaké aicleenih 460N 8f M@C@ﬁanty of the
tray stacking _assenbly now di scuss the various

sdétiispARd @C@W@@%@atrﬁ@ﬁhe|llﬁeaé§%ﬁmbly 5\ thielace dldem into one
|

SR 170 DR By A Bt ARAH P g e

i rtrdsisy! 2c2(1c2)e are raoved (nneﬂwe divettien grhroeratidean@r'dfe e, 1(a))

o 2bae eIy B S e ot Ut Fie) S PR ASITAb | AAnd apezbnomal

st@getrdy §ta@klnbr@ss|eﬂ?fﬂy aasmbéw litfer a-EQSn'%(Py @Q?ﬁﬁ\fésea vacant tray

magazi nes each contain a nunber of stacked substrates
¢ posttiondl 2toaeplaaserhishepene teays 12d, t1y’2|@| feeedl lbeyelea&rhoved A
d of ..t he
paﬁl&ks m}hé%rﬁd[gérﬂél's?ﬁb%ecﬁb b&tl?rﬂjq%é%ﬁﬂa L}&g%bﬁyryay stacking
i nassgnatiled5ci rcuits; there may be 2, 3, 4 or 5 panels
in a single substrate). At |east one cassette
magazine 1 a is fed at a tine to the | oader assenbly

1. \WehndWerscaas hqmaﬁau%eétmshﬁ%h@@ﬁLbdd‘aﬂeﬁfimi dnétai;l.;

carried (in the direction towards e right
2(c)) towards a magazi ne grlpper 1h 1i by a w de

%P&foa%%}%g&gmgfé} ‘stn rﬁé(mq % ': ﬁ(a])fin ggv%w in ?—'rg Jﬁb ) in side

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



1 i is conposed of a lower gripper 1 i and an upper
gripper 1 h. The magazine gripper 1 h, 1 i is
installed on an up/down linear rail 1j via a gripper
block 1 L. 30 9 As soon as the cassette nagazine 1 a
has been transferred to the nagazine gripper 1 h, 1
i, the lower gripper 1 i is activated by a cylinder 1
k to push the nmagazine upward. This positions the
cassette nmagazine 1 a firmy between 5 the | ower
gripper 1 a and the upper gripper 1 h. The magazi ne
gripper I h, 1j is then | owered al ong the up/down
linear rail 1j, wuntil one of the substrates is in
register with a substrate slot 1 m The substrate is
puBBR&gon dehew@sgaﬁ@m@a@irm ba hesrhaey transfietied ta the magazine

The . | .
or OGP HE 6 1OPREodeadl v &7 adhvdl B¢ kAL GBYES ¢k o push the
nagmzjalzme LlpiNamlt Wh@@mﬁﬁ@ﬁs thet dasisbtte sndgd s @asinoty Between
hi s vva¥ the substrates in the cassette
5 rraH%?z'PW@"@ 'ap%uf éa S84 BRLUPRET Q”?P%rngf erred to the sl ot

1 m Once the substrate loading is conplete, the enpty
magazine 1 a is shifted 15 downward, and the nmagazine
gr iTppenadazing gipper €h el sethentloeced alwgdpfadmfdpwm iinear rail 1j,

1t te e RSP ERR T BB SR BIRERL B i T suostate

This punelr@d ihg ﬂheaﬁﬁ:%!ﬁ’@té’slét i fn W@mesh@r "?hgThéhﬁ’égdzﬂwé @fpper 1h,
view, in Fig in side 20 viewl oomgmte
£

04 bls than mevied B byincraR0thSemNEEURS 2R ) e 11dshalte magazine
Q% ﬁt‘%ﬁgbgg%s\énghaweées%&%?% 'sg)rﬂ ﬂpqﬂ%&%\/é}ﬁ at thQ sﬁb%ra es in the

'S

[ t cassgiesinbpened et artermqwlnttlehy ﬂansﬁétreﬂhoﬂhé stcﬂﬂmn,
the substrate 1 b is inspected by the first canera 3.
The image taken by the first camera 3 is analysed by

a oERUhesuB¥FhRMoalimgas takigists, ’éH?aaémEﬂPm‘égaﬁhéafﬁs'%lﬁed
the correct 25 package type, to check its alignnment

15 andomnwagd i &t Ha magagneigripper dbt dicetrpserdt freprrmethe up/down

;E@gééﬁéﬁo %ﬁ&gnﬁﬁoﬁaﬂ% ﬁ%sfé)rétp(?%pedbﬁiphée@%\(eﬁ stage 10 of the

subsgivatie afdhe headeerazgembly om t he system (e. g.
manual | y) .
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



After the visual inspection by the first canera 3, the
roller 2a is rotated to 30 nove the substrate onto a

rail supporter 2f until it reaches a stopper 2b. The

10 rail supporter is has a generally rectangul ar

upper surface, and at this tine the Ilong 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 5 notor 2d and belt

2e. Once a substrate (which in Fig. 3(a) is shown
including four panels | b) is |located over the rai

S URIGLpPbriaf is hidea lgehbrailyppotangulszfuppshisaiface, sarld akigis time the
with an up/down air cylinder 2g lifts the substrates 1

b l@paeerds Ot hgtURAeT SUHaCH it i RthariZoB iR B Eiam aniFig o L3 (3).
rails. Then a servo notor 2h and belt 2i rotate the

rail supporter 2f, and thereby rotate the substrates 1

b. DUteg thit @roeess, thel Spading ofthedbieiray e isaligned using a servo-

hori zo | pla i order that the substrat houl .

5 pemobi ey B et 4 e R oy 3a7 B S8 fholuaing
di Ry paaeisbedawlocHiES overt thki rel suppansr 2f, el rdilgupporter 2f, which
substrates can initially have their long axis in the X

di edikpanith Btk a'tr?é(zv@%ﬂ%ro?q It thenbstiaag Taipwards, out of
ﬁg@%ﬁﬁ@%ﬁﬂ&@f oqgﬁt?ﬁﬁétorgils.' Thaihh %Q&d“@gt%@e&tg% belt 2 rotate

s arranged to recel ve them
s uthst radtseippsrieoitaed thgrablyarotatertbe supgptoateer! b2fThetrbgation is

supstrate.bs LiLfted  from.the frane orter 2f b

10 7y Rt Bobpr 2208 e porifansel Sianeromer B 1S sibsiatg shoud
t Wge @@Frbbﬂ?%&g@é@l/\)itﬂdhé iRinFrLckteBle) disasReataiehY TR rotation
Ay and AXx, ich are independently novable in a _ _
veméaggl that hecsubstratemepmisrtiatiyritayel theiz donepegblie the X direction,

LOBEE B b IRl 05, ERERLET 85, Y HFYE(HA o wnion e
I ndicirstemaghfriealigs hirbhged tomsdetve Wem.for [ifting the

substrate supported on the frane supporter 2f, and the
portion Ax includes a net lifter nenber Aa, which is

expirRicNBe feke¥te i}:fretafté@/@y thé Flan9sumsmesr Abthel Substrate is lifted

connected via a conduilt . to a vacuum source for

gefrermathenjamefspperteo 2f R arfeara iftegassamBlybsbe dreene lifter
ag %Isgg'rtnbbhﬁag Wongohfofnts%bé%@bﬁﬁ Fi%k?'1 (t-)r)\f %s(,:p%lclti\éelytahseAy and Ax,

which are independently movable in a vertical direction, and horizontally

15

20 movabie 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).
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frame lifting menber Ab includes a nunber of apertures
on its face comunicating with the conduit Ai. A
switch nmechani sm (not shown) determ nes 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 comrunication with the
apertures). 11 After the framt!lifter menber Ab has
pi cked up a first substrate fromthe frane supporter
2f, the franme supporter 2f returns to its pervious
orientation and height, so that it can receive a new
subBer thedramadiftepmembesrAlbhas ipidkedgipaa dirstrsobatrategfroms the frame

t hen f d for the new substrate. 5 The frane

|1 5 e ETBR TP nUPRP Bt AeRIBEHS e BepdSus phamtion and
I ora@i'Eng sPaBht it 88n edceild18 rath BulsdtkK, TiRE bBefhtiohWF ItMdland
chuck table 4 is shown in top viewin Fig. 4(a), an

i notatNg ig(tbgn pgbRImed ifer theeayy pelestraia. Y of Fig. 1(a).

It is arranged to be capable of rotation around a
vertical axis, and includes two identical sections 10

AaThe franwehiiftar aasenibit eansferg e Qybstiaee (b ditdned loathey position of
frame Lifte the frame |ifter assenbly

Ab of . i oly
Edwin HEU%@?;? E{Eh%f\&a ghugk tabledt isHdhoyecinitep agw imFig.

t oS ca , ‘ i

| UL I, A0 00 TR Brechon V81 P 1P i et e

t a¢arabig ot rotation Broundta vertioataxsuamc aiciuniesviimohidantical sections

. The nbe and.Ab each hav
or o ot TBHEF Rim MRTCHENGE By dfe Rauer 155 MamicFiesgnember Ab o
C Otheeferaa dift8 g aggaanbiy gscedtheMubRttatd 8t £ AHEkintdHesdbtion 4a on
t hereby ensuring correct S'OSI tioning. The tw n chuck

t albedelt side as phoyedn Fig- 4edhepring subgtiate is witainag by suction

oGl Sp R AN LBl MU0 B cF3ERkLAon i

si vapuluat edurcei The Teembéxs Aawindg\ii bacldhavagrojbetiefidkn, An at
ve |

R 4 SO R B s b e

ontheRsby &edliring ERred$ peBRVAIng. NTH Bvin4hlkk €ablk 'Eszisoanﬁqbnged to

formerly occupied by the section 4b). The section 4
co-operate with a dicing machine of a known design, which dices the
cassette. During the dicing, each substrate 1b is cut into singulated units 7a.
‘Following the dicing the chuck table rotates 180° about its central vertical axis
so as to bring the singulated units 7a 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
deposits a hew 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



noves simul taneously into the position fornerly
occupied by the section 4a. Sinultaneously with the
operation in which the frame |ifter nenber Ab 25
deposits a new substrate into the section 4a, the net
lifter menber Aa is |lowered to contact the singul ated
units 7a of a previously diced substrate 1 b. The net
lifter nmenber Aa contains apertpres in its |ower
surface which are in communication with a vacuum
source via a conduit Ah, so that the net lifter

menber Aa retains the singulated units 7a. The suction

on ' I . ' r t. I LeHIE in. 1 h

OnabRE PR Bl Yk O DS PRRAE TSR kT

t hassemblgthamayovascamwah &otihe telinuckutlatabde 4, ss thdthiad twin
chuck table

the tw 4 c I t ith th i Ci

meP Al P8 heeEaigetThie SEH0 RrURe Has G Be Biarate 1b
dep@sdH 1egh jushbsen Hapobitét® THilS! ik ik urindavhiehAhs Rvdkchuck

5 table cooperates with the frame lifter assenbly

IS
5 ef fakie epepsratpsewith poe frams liftetassaepbsist¢fGaieotly asaewpoth for the

su . r [ .af j
S oBEb55, 7 o BT el T R Bl sy beer
maditede Thgs,dpeithmoaethputot theadicihg trdehing isveptasiseds githlas littie

wasted in | oadi ng .and unl oadi ng a chuck table. 10 The
he B a3 BpsErstad Tn [HaBY Red uPioeiig B EPURR (D90 (o
the brush unit 5 which «cleans them by a rubbing

motion. The net lifter menber Aa then noves the . .
10 si Agalnet ddeumiendoeraia bftaithel $ngeataghinitss?a &hgvnbiushringt 5 which

5 i ' 00ki j irect. Y, and. in Fig. 6

o T RO Pt TRt RS b e T dputs the
nesingufdted urksiarto Aacieaner sniti8f showmh Bigl bSnentiew l8oking in the
cl eani ng zone 6a. The 15 projections 4n enter

r eSFBEHAN &, pdin Gl § 1Bta YiRW Ipelinafn thredicpeian appasifetto X. The
6. neBiifaH hanseralowdrd gﬁgﬂEihé YRRS hEdr a@@le:aﬂﬁigdfor{&@a. The
cleaner unit 6 1s raise y pneumatic cylinders 6c¢C

15 angrejectitmspbs esteddespentive aperiuoes hethetthp df dhe clesnirfocrsit 6.
of the singulated units 7a. A vacuum source i s put
into conmunication via a 20 conduit with apertures in

t hSimppefesusly, acRadie SUPDOHERABD i8s180 A& BleaPBr unit 6 is raised by
respectively in register with the si nqul ated units 7a,
so pagup@ﬂpé:qu@rﬂéc 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).



singulated units 7a on the franme supporter 6b. The
pneumatic function of the net lifter nmenber Aa is
turned off. 25 The frame supporters 6b then noves
down, and water and air jets 6f are initiated to
renove dust and debris fromthe surface of the
singul ated units 7a which is facing upwardly (recal
‘that this is the surface having3the ball contacts).
13 After the surfaces of the singulated units 7a
carrying the balls have been cleaned, the water
and/or air jets 6f are deactivated. The frane

SURABF el shfhceBR) @8e YMtRIA:A RIS 7alrhiind tsélrsq%@t I§skn

units 7a are again against the net |Ilifter nmenber
Thelegaedudheysaiee andor gydets Gfrareideestvaisinghe rﬁr@%ﬁw@mﬂer 6b

AimgieS IS BRUP A S0 bidd\uld AR oHRRAT BlnGine net

I'SCO At t

l?a}ifaérenagﬁgn AeTT: aenﬁ«tuom smﬂcég@\agamunﬁtam wding tlee benduit Ah,
i fter. menber Aa. The ter and a
5 po b MGG SoUERIS edrA R auPapHet 68 i § eahicted At this

Si BSIW( ﬁ#eegngma%éd qaitd | ragre bgguﬁe@lﬁn@%&ﬁ the asENSuPRd of the net
grid arra ter the Cleaning, the net liftin

e lifteyrmaenberr Aes TmleeN@tengud &gatubii are aniivaied agaiveand clean the

ot ohgliAgeidF ML e B =fSS v, 2aitEE bRt 85y foutlng O oric

7 bEaghown in top viewin Fig. 7(a), in cross-section
when viewed fromdirection Ain Fig. 7(b), and in
10 cross-section 15 when viewed in direction B in Fig.

7(ker Me élBé@ilngofFFé‘ﬁet ity PRImbdf A4 nﬁ%mﬁgunae&j an@s 7a and

t he heati ng 7c are aligned by rojections
enmwesghelamierthenwewurfa@e Dﬁathetaheg ixlocgculcaofefb\emmmg block

on ShEmRCR e bRaTHe b8k SabBnoll THeS IR I BrBastin £ 7(@). in
78 CRISR-4dbBANIIRST vibWdd fréa dieatibn & il mgk7 (@9, ar‘idTFh cross-section
suction fromthe conduit Ah is deactivated,

15 suathiesrviewed ypdireetian B ia Fibda). tAt 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 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 7¢ 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
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 tabie 4
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7b which is in comunication with apertures in the

upper surface 7c in register with the singul ated

units 7a, so as to hold the singulated units 7a on

the heating block 7c. 25 At this point the frane

lifter assenbly is not carrying either substrates or

singul ated units), and the franme lifter assenbly

returns to its position over thé inlet rail assenbly

2. The tinme taken by dicing machine to dice the

substrates 1 b is preferably at |east as great as the

time taken by the frane |ifter 30 assenbly to perform

t he) SRth&ftingBlb&nassdrhbly O\iiN@tdrmMyg tbr’tﬁetlHYef‘réilhé’sCs‘émbly, and

table 4 14 "to the heating block assembly 7, (ii)

r ef'U)rmplﬁggtU@ a Rewi sibstraie(p) 1hdse il @Dmgmlof {hei pperation of the
Pl fifciNShodPhifly BRUCSURSLRANRER )t ihrRabts: taB&,{ 4} Phvided this

e oper Ion ter asse y exce ha

i nlsvmuas,fthen thenspeed bSoperation fud th@blmgﬂd)'\acﬁih@vlsdﬁd réduced by

is,true, th t.h eed of eration of the dicjn )

i (1Beithe Blet il ey Wokes b Blerevavilese oL Lt

assenbly takes to interact with the other units. Any

drops of water on the singulated units 7a are

evapyitapesi obyatfran thgeirgdatad utha%aret evamarate@ab;ehea‘a

e GetEThy R e BRREL Padfp {oRinaHBLAShabb T e

aS sfgtehﬂfuﬂhei:irg‘,lucﬂe(sbér) Id"@llﬁ@r a@@ﬁﬂy m:h@mt@ﬂgenerally as Az in
Ieft-rl%; [ servo-notor Ag. This

in Fig
i dFig-11i(px Mh'%éser@@!woweﬂ dk%%ﬂ@htﬂafz@ el (H byt senv@-gotor Ag.

li ﬁ%}‘tél

di ﬁﬂé\%{lg at t he Qﬁ) gﬁllcgt e e%ﬂlégzsfé ?\a angd@q%r%g%wbﬂl Azis
Ad nevedsscaihat dte noezls Adgaldieeteduati the siteyulatedrynitshga, and the
uni_ts the t 1 he i dle lifte

as D8Py Ozg%wﬁcﬁ“ﬁa@‘ea%”wﬁg&q "r”f”?se{a %?:d(%tﬁ@rwutﬁneﬁ%ec'a"y at the
ratgged and |owered, and which includes apertures on

its lower surface in communication wth a vacuum

Ssource via a conduit AL. The idle lifter Ac is | owered

20

25

30

OVehelii lifter assembly Az includes an idle lifter Ac which can be raised and
lowered, and which includes apertures on its lower surface in communication
with a vacuum source via a conduit AL. The idle lifter Ac is lowered over the
singulated units 7a, and the vacuum source activated so that the singulated
units are retained on the lower surface of the idie lifter Ac. The idle lifter Ac is
then raised, moved horizontally (to the right in Fig. 1(b)), and then lowered
‘onto a horizontal surface of a flipper bloék 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.
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
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.
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singul ated units 7a, and the vacuum source acti vated
so that the singulated 20 units are retained on the
| ower surface of the idle lifter Ac. The idle lifter
Ac is then raised, noved horizontally (to the right
in Fig. 1(b)), and then |Iowered onto a horizontal
surface of a flipper block 8a of the flipper unit 8.
The flipper wunit 8 is shown 15 top viewin Fig. 8(a),
and in Fig. 8(b) looking in the direction X A
portion of the flipper unit is showm in Fig. 8(c) _
| ooking in the direction Y. 25 The flipper block 8a is
aVbeidy triaditachrhuve eeed, healipsartiaceesa lf?c?tgted about a
contai ning apertures in comTunl cation wth a vacuum
sHgrigental axig Sedhigh itgpenten ¢iota the pAgeginl Figed! Ghiahd 8a)) so
a he f
a8 SEat of U YRR SN BT B et iBERLupaR! now
d éaaets dmnmardametrbwnonamhmfwrma&é féepéﬁfdrﬁﬂﬁf by a servo
uni t act ,t.eP so that the singulated units

AL

30
bé‘&Q}%S&t‘f’ d inethgdlirperipiaby agtbbaebelt ng@pte that the
b'b‘éﬂ i@rlaaarraily'é wilid EnfiiRhi tahd ﬂébéﬁé@&n ?ﬁ&ﬁ#) ug)n rard rF?ow face

| i pper block 8a 1s rotated about a ‘axi’s
SQOWﬁlrough its centre (into the page in Figs. 1(b) and
8(c)) so that the surface of the flipper block 8a
which fornmerly faced upward, now faces downward. The

r Thatriext setidrnef thiel ppesmid aekidfabiosk @%&él‘?\bﬁﬁg smﬁwﬁ |n Fig. 9.
vo. 5 notor 8c, which is linked to the fl er ck

ip
by i Habser f%Yl?WsE 9. |96 )eis ehwiewt laeking ippogite o the dlyeqtlon X,
r
PRI}l PRl e DeRc IS MIAE i BBl o
blirntidessae it pl@kJwlacatad Bempatd the ﬂﬁbpér block(8y. Afterahe flipper

apfsksFbfiesb¥en frdlad Suy atihe SRGLERSBBRF g Tore oien, the

dlcnécblo Yis rERedi ahel ik
i éll e bldé((fﬁ(a gar I ogat edI t@eﬁﬁrg‘ﬁét?ﬁﬁl%l%pced}mékyqfﬁ%%ntal upper

ASHERCE hENiS i p@@rmm by langdlenzlgclh iEng moechtards s tiudingt

ORGSR Y08 GRS Bar 8 4 250

happlzexﬂtrad:ompmmﬁcalbn&mtﬁ aperturbRiis the uppef Suirask Hithandle block
idle bl(% Lftln mechani_sm i ncl udi ng
a, to retain the singufated units 7a on the ldle block. The vacuum source of

~ 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 9¢. 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
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).
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up/ down cylinders 9d and up/down gui de 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 | owered again.

20 The idle block 9a can al so1ge noved horizontally
(inthe left-right direction on Fig. 1(b)) by a

forward- backward cylinder 9b along a horizontal rai

9c. This is done until the idle block 9a is no | onger
o O P 2R R e e e 2Rl SRimately at the
csamecheighbgs theuppersurtace Hdhe dipparmunitéda, spshentas described

AP TRE, AReSE T B0 Bl e by the e
s lifttaassarhblyhez SiHegidiealifest Adii bwerat 6RRAREsthdUIsteBarits, and
grid array), and identifies any units having

A B GARHHTIAS PR s 2aaID AcHvates ireiabm thersingUigtachuniés 7a. The
t. . .

SRS E PSR BBl B r Ac

r dhardsechté mavesthemiregulstedfumites esortpthexippet elisfacd of Aeet

sane hei ght as e upper surface of the flipper unit
8},‘0%1%%8{3 §%E¥§ Ssglﬁy E)éi ow) the singulated units
7a can conveniently be picked up again by the idle

lifter assenbly Az. The idle lifter Ac is | owered over
t Hdg s1{gushews thenetblogk@ssembly nakingsiouhedlinactianapposite

oS UIRE R AL RPN Gtk HELdrig RooRE i ircton v
ddagt10(a} sch topheieivddfea hef hleck AOaio$ thd hetbiuskedssemBBVHD. Fig.
0 Gl RS tuthg el it eamiotigSElbig 3poeart i get book 102
1Q{ék rehyegt he net bl ock assenbly 10 I ooking in the

direction opposite to direction X, Fig. 10(b) shows
the net block assenbly | ooking in direction Y. Fig.

%%sg%hc')a\ég @}TE&{} {{Qgg\fvﬁogo(%)r}ﬁte nbelt %?okck11 O%a of tﬁﬁetnhe? brl]c%k 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.

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
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



10

15

20

25

10(d) shows how the net bl ock assenbly 10 woul d appear
if the net block 1 Ga were renoved. 15 As shown in
Figs 10(a) to 10(d), the net block 1 Ga of the net

bl ock assenbly 10 is supported on a rectangular plate
I g nounted at the top of a vertical shaft 1 On The
shaft 10m can be reciprocated (in the left-right
direction in Fig. 1 Qo) by a gervo-notor 10b. The
shaft 10m can be rotated by a servo notor 20 1 OL via
a rubber belt 10k. As shown in Fig. 10(b), the top
surface of the net block 1 OCa has a nunber of first

AL R A R

arthisngedes® a chequer pattern, with 25 interstitial
second el enents, in this case, raised portions
corresponding in nunber and arrangenent to half the

siFigutet 6®) 'éﬁbtrv% a7@e@hé@waewioif e Rfacel Bt3hE n@?ﬁlo%t( {02 and in

substrates 1 b. Half of the singulated units
or@"B‘FU'?h’@el‘?he%wﬁafregompbs@géhpIramesrﬂt(ld foheeceiving the

or o ate Al B ERAGHeH NS A hd Falsb HoglP 0¥ tpefiEbetweon the

suetasse0f0d.he net block 10a, and in 5 particular the
chequer pattern conprising the recesses 1Qd for
receiving the singulated integrated circuits and the

rar §§§sn§ﬁhtth8'b$aé%‘?nérﬁ“{ﬁttﬁ@| rﬁ?@r‘%e Icfrl;&ﬁts 7§g§§%ﬁe§ rédises 10d,

To assist in the placement o fegrated circuits
7dhegiset poriiene e maydiurthed bavdndines esdjqowalls 605 Iflde

. i.ned d
A el R SR Rk el i Teneb gy ion.
r egileohtact thieerawalPDand kdnd 1 $ildecOWapS thd Resh G\@dvmdugh
and tend to slide toward the recess 10d through

gr@VEX,. 15 I'n an enbodi nent were the sides are not
inclined, the raised portions will, in

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
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
singulated elements 7a cén 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 10h. 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



any event cause the integrated to "stand" in an
inclined position due to the differential in top
surfaces between the raised portion 1 Ce and the
recesses 10d. This inclined arrangenment, being
unstable, will urge the integrated circuit downwards,
to slide into the recess 10d. Wil st |ess efficient
that an inclined 20 wall 1 O, fghe effect of the
differential height of the surfaces is still an
effective mneans to urge the integrated circuit into
pl ace. Each of the recesses 1 Od is in register with a
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al i.y%nment of adjacent integrated circuits anmount to
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PEVESHORsdehablig equal 10 to the margin of
adj acent integrated circuits. Instead by using a
chequer pattern, with interstitial raised portions,
15t hd hegprecass ehown égbiguaben 0(¢)andhE) (Hubemonstiate e éffet of the

PR B B SRS RS o g RS o biosuitc
ZP %gféﬁ&?ﬁ?ﬁi%?éﬂ%éﬂwe@ﬂ@arﬂﬂi 88 prsiERBEs atLsihkR 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.
30
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chequer pattern. A substrate 1 b is diced into a
plurality of singulated integrated circuits 7a.
Rat her than to be processed as a single group, the
process according to the present invention divides the
total nunber into two groups, in this enbodi nent, two
hal ves 10g and 10s. 20 As shown particularly in Figure
10(d), the net picker holds thg singulated integrated
circuits. The net picker selectively places the first
group of integrated circuits 1 Og into the recesses
10d of the net block 10a. The net block delivers |ot
t he: fd
F1F 553" o et Bofinf et Bor S shdhimoEick, et
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. Accordingly, the second group 1 e pla
th@Bgﬁdedﬂw@Uﬂ%cesses 10d, and the second group
delivered to the pick up zone. 30 19 It is clear
that, while this enbodi nent describes a single net
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umbe east %? of unit lifter

aslgéwmuaéégﬂﬁar 1 B Ehagiote hand dwel acsem_zemwm ingividual
(AR 100 5 1 B e EBHRESA NG M oot 00 o

| nbeudasof thersystem, fotatibn aftthkas bidokur0a Bingebactobf the lifter
individual unit lifters 11 b. Each
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.

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
arrow 11g.



individual unit lifter 11 b is actuated up and down by

a respective individual I|inear notor 11 d. Once the
servo notor 10b has noved the net bl ock 10a to 15 the
rear of the system rotation of the net block 10a

brings each of the lifter assenblies 11 a into

register (in the direction Y) with one of the rows of
singulated units 7a. Each indigodual unit lifter 11 b
lifts a respective one of the singulated units 7a,

and noves the lifted unit in the direction indicated

by the arrow 11f to be above a ball vision inspection
ca f PHBRA
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ballagpadedr exanple, if any of the balls have becone
detached froman integrated circuit, this can be
0determined straightforwardly. ptionally, this may

i ngludg e h?srcﬁ%tBP thatiBRY Fr& m@lﬂﬁ%neque%an.%; gbgm&

unit's, suc e|r of set tive to a preféerre
poslbtérumattdnebaserbermttmlamhpuyo‘éﬁr@ tdreera Awpa ne@mniﬂlon is made
Based oh sdterm %ndthe results, fromthe
oalditeath g R SRR nERE 48 Bt P T Sy o

t hebremRAI2 ADBdrdn dgjﬁi lefelat,i 1B do?n;ﬂﬁé?sﬁt@ﬁw &ﬁfﬁ%l@fhe individual
the units individually whether to nove the unit is
15 notpi|liftgr 11b to place the correspondlng 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



abnormal . According to the result, the conputer system
controls the individual 15 unit lifter 11 b to place
the corresponding unit on the normal unit tray 12d or
on the abnormal unit tray 12e. Considering the lifter
assenblies in detail, attention is drawn to Figures
11(d) and 11(e). Here the lifter assenbly 11 a
conprises a plurality of unit bifter 20 assenblies 11
b, each adapted to contact and engage an i ndivi dua
singulated integrated circuit 7a. The unit lifter
assenbly 11 b conprises a body 11 s nounted to a

fr r
boﬁg?g%%yﬁg%?@%9@%@&&%@m§?%§a@epés?Q@eqqu%&%%dy%1%fommmmg
nepigkiueofthessiggeatgdwincait €d. by a vacuum source (not
shown) to the engagenent end 11 h of the body. The 25
vacuum pressure is used to engage the integrated
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nenber in this case a spring 111, which’is
10 cofﬁ)a\é%@&mee\ﬁéﬁ enﬁégybbwgn@pad@ﬁ éa thmlrttwathbelrcunt 7a by the

gbg}gclgib Q?S?Ehaqw ve rel ease of the rack and pinion

the spring is permtted to rel ease,
and so lower 11 h to place the engagenent end 11 h in
act with, E} iate to, the integrated circuit

7aNAgR A iR H@‘t €8<0r 2 ahnorgpal jugit tegy 1smispledribis
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to avoi d excessi Ve energy beln

15 | nirdg ke pthceiafdoe remave@ tr‘aMeThBrrmrfynmﬁ yha trsagrlrfheg asdembly 12.

t ; wﬂil%éaa} |§oq[{r%| \gumc{f tﬁé?r%y}l gr ggsérﬂb@ EOHE? 12%3 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 tray lifter unit 12a which in turn is
capable 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



renoved fromthe system and a vacant tray is inserted
froma location 12c 15 into the place of the renoved
tray. This perforned by a tray lifter assenbly 12.

Fig. 12(a) is a top viewof the tray lifter assenbly
12, Fig. 12(b) is a view of the tray lifter assenbly
12 looking in the direction X, and Fig. 12(c) is a
view of the tray lifter assembby 12 | ooking in the
direction Y. 20 Wiile the normal unit tray 12d and
abnormal unit tray 12e are being filled, these trays
are | ocated at positions along a |linear conveyor 12b.
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it rests n is conveyed in the direction opposite to

Y &fﬁ&me&ﬁaaﬁ%@réem%mg thedrayp fall ot abneyeel undtg,is sbown in Fig.

an 0 l; t i 1 r

o Ak Rl A ot o Sacel e I3 TR lerbhY numerals
15unil2d, 4Pie 18emda.etBY, riSe 1 Be apt ae@acd®py dralusitadRed12in1a, 14a,

Se°1t4‘b??4%,4P4&Pésr5%c€ve‘i’§_' ve systemlocated in a section

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 12c into its place.

The position the vacant tray 12c formerly occupied is filled with a new vacant
tray by a vécant 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 15¢ from the vacant
tray stack unit 15 to the position 12¢. The structure of this mechanism is
shown in top view in Fig. 13, and in Fig. 15 looking in the direction X.

30



14b. Usually, at least 30 trays may be stacked at this
position. The structure of the nmechanismfor renoving
the trays full of abnormal units is shown in Fig.
14(b), and is identical to that of Fig. 14(a) except
that the reference nunerals 15 12d, 12i, 13, 13a, 13b,
13c, 13d are replaced by the units 12e, 12j, 14, 14a,
14b, 14c, 14d respectively. \Wegever, as described in
one of the precedi ng paragraphs, a nornmal tray 12d or
abnormal tray 12e is renoved, the tray lifter unit 12a
carries the vacant 20 tray 12c into its place. The
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assgraibie, il berrmalz&mms Dﬁthe%fpbbdm@ﬁ%lﬁhkﬁmap@rﬁlﬁd $é mqi be
a acant trg stack unit 15 where vacant trays
o5l acegidiie esRe e Of PRBOBBAIY Shcwgsutier from. The
dr t I
B TR g ST '2® Bpdepin e P FUEIoBP Y abhdiri unitrays
5t r agegrdingnie theltype af aboomalifpidentiledhi ch conveys

vacant trays along a track 15c¢c fromthe vacant tray
stack unit 15 to the position 12c. The structure of
t hw&hﬁagﬂﬂaﬁlysaﬂsir@le shadirhent STRh¥ iiRwrtidnfis bdeh dédibed in

Fig. 15 logking in the direction X. 30 23 Note
t hg?ta”rmaw é?”%ﬁ@%@r@.@ﬁ%bl@ mathin thsescaie eiibgdnyeniips as will be

CM%ﬁh?gskﬁ%Bregﬁﬁpple in some variants of the
ment abnormal units 7a may be . further

C|aSSIerd, according to the type of abnormal ity they
suffer from The abnornmal units may then be placed in
one of a nunber of abnormal unit trays 5 according to
the type of abnormality identified. Al though only a
si ngl e enbodi nent of the invention has been descri bed
in detail many variations are possible within the
scope of the invention as will be clear to a skilled
reader. LLOYD W SE



24 Cainmse 1. A systemfor positioning integrated
circuits singulated froma substrate, the system
including: 5 a net block having a surface for
receiving the integrated circuits; said surface at

- least partially covered by a two di nmensional array oflLLOyp WISE
alternating first and second el enents arranged in a
chequer pattern; each first elgnent adapted to receive
an integrated circuit and each second el enent
projecting fromthe surface; 10 a transport neans for
transporting the integrated circuits to the net bl ock

and.j Ssiti oning a first quantity of the singul ated

[ ted circuits in register with respective first

el ements; and urging neans for urging the portion of

i qtegrated circuits into the respective first
ellement’sSystgrmfor Rogifienisg inesaigdrmircsita; singulatas Bom a he
ursgi ' : .l east one aperture in a
sﬁrgpg%aeﬂég?%g%ﬂgwggtﬁme gérnant , said aperture

5 facili taétrigockcbawingiacsiriane foetrewsving liee fritegiated eineuits;

d wher.e the respective
"t cqr SECLEB At ops! RERH PRTeEitS 4 i eavesiarel Ay of
s wtteirefingAtsBand BEcSYE ERMEHES @FdingadliR arigliel pattern:
wherein the net block surface facés upwards v_vﬁer eby
gr avi t PaGNJest elpmenhedgpiedda refeivaiansintagratedraircitrastd each
°ls8BBA slorflontejALIMARROLdag 0 any one of the
al ns e

preceding c el n sai Het block is

10 rot at alal tearsspitt trieans dor wahspeeting tHe ntegrbtddstirdustib ARe net
i Nt eqrat e is rotate

of circuyits, the n bl.oc , dto

pH9i 3 Bushnah uaﬁﬁwa&r&@ﬁém%@@_ﬁafqdrfm@@r@t@écplrcwts in

Cirégisidr wittordapettivd B8t slehest Ang he first elenents. 5.

The system according to any one of the preceding

clU9iRg megrs &rairging 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;
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30 each dinension of the two dinensional array
conprises an even nunber of elenents; LLOYD WSE 25
6. The system according to any one of the preceding

clainms, wherein the total nunber of first elenments isLLOYDWISE

equal to half the nunber of the integrated circuits
singul ated fromthe substrate; 5 7. The system
according to any one of the prgceding clainms, wherein
the urging neans further includes sides of said
second el enents, which are arranged to guide

m saligned integrated circuits into adjacent first

el enents, 10 8. The system according to any one of the

precedi clains further includi a net bl ock )

G5 vt nl T SYATCRTPB 0 PRy Ariete PERGEN §laimpewhersin the
s)isto RuARRP ARG ddmants i9Rgual ot Mar Plearab&%Chaiiffgrated
further _including a rotation nechanismfor rotating

t HCHE® sihositated fiean Hig/sylsteateng the 15 surface in its

pl ane. 10. A substrate dicing systemconprising: a

di cing machine for dicing a substrate to form

sithgul afredsysiemgaapeding do moyidre; of2Ae prewidind ekmBawhaeein the
a surface for receivi the integrated circuits; said

o tPBlhgdTgen? duttierjagds piles sl sakisespnd elagents, which are

digFRiHgeentd! guaas AtsAigned ihRIghatedngrclits Hito ashcess ARdl ts.
el enent s argr angedsi r?na clhegr‘Uer patctern;oeaéfah(::e?{.%rst elements

el enent adapted to receive an integrated circuit and

e55 1 S LR S D SEL I B4 B o
ciincluding 4 net bleckefrivinl raehamismfes hidviny the: metfbibsit.

quantity of the singulated integrated circuits in
register with respective first elenents; and

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

surface in its plane.

- 10. 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
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;

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.



urging neans for urging the portion of integrated

circuits into the respective first elenents. 30 LLOYD

WSE 26 11. The system according to claim 10 further

including a flipper unit for inverting the singul ated LLOYD Wisg
integrated circuits before the transport neans

transports themto the net block. 5 12. The system

according to claim10 11 furthes i ncluding an

i nspection section for inspecting the integrated

circuits after they are positioned on the net block

to verify the status of electrical contacts of the

i nyegr a j [ : ' . ,

cl it 1372 SRt ek ordid o S ML AL RERIGRS A ey unit for
t hénveetindthecsingalatdrbintegpent cicuitsesforentheftrarwmostyratans

14, A nethod of handl ] integrated circuits

Si ﬁ@ﬁ‘ﬁ&?@%&%ﬁ?ﬂ‘%ﬂﬁé@gﬁke, t he nethod conpri sing

the steps of: transporting the integrated circuits to

a net block having a surface for 15 receiving the _
S5i ntlégr at'dg wstaniacsording & slaim dde! hfurtheasnclpdingiaal ingpection

Co‘é@{:ﬁ%}} gﬁ‘ge C;%ér']&gng:tﬁg %Fgfﬁéd ?:l'r&ﬂgs iQljrt]er gﬁ%ﬁ %&% @?)isﬁ]i%ned on the

firs enmen arrange

patriet blockdavbrifyl thetstaiuensf e cidegitoadtdats bethe Meegrated circuits.
integrated circuit and each second el enent projecting
fromthe surface; and 20 urging the integrated

Ci M@ui t SHeNd\RtdASCCBRNRE td ¥Rirhi 12ShcBLBIES 4eive $h&&hanism for
urging neans. 15. The nethod accordingto claim 14

10f umenaing theenefdblagk tanther inspectidnesedtionejitlae system.cui t s
before inserting theminto the first elenents, so that
25 electrical contacts on the integrated circuit face

t hel4net Aometiiod dBhardimetintgrated dmenitP slnulated drom a substrate,
Pl %glngett o} E:or?’lip?i%iunlgatth% stie[:r;st ce) :r ated cireuits
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;



conprising the steps of : At a first position, urging
a first quantity of the integrated circuits onto a net
30 bl ock having a surface for receiving the integrated

circuits; LLOYD WSE 27 said surface at | east LLOYD WISE

partially covered by a two di nensional array of
alternating first and second el enents arranged in a
chequer pattern; each first eldnent adapted to receive
an integrated circuit and each second el enent
projecting fromthe surface; 5 noving the net block to
a second position; displacing the first quantity from

t he netsaltl swkace at labsingartinky Beveratiaska 48OQiMehsibAaRarray of
ol ane def the surface of the net bl ock; noving

pl ane defined b )

t eH&?ﬂﬂ@ BekentserRnd Slemts riagedin erenaaker Patiory
first htrr& (a} j j :

|t ogr Seol o raomett HgbR © BEEOR arfilralot dieuftihd each
neechno elernentt projestivgrivonpdi sudace;and; di spl aci ng t he

S anti fromthe net hlock. 17. The net hod

a?ﬁ%‘ﬂ@? ﬂge B%% @'ﬁ&ﬁ‘ﬁ‘?i‘sﬁecﬁﬂﬂrpas '%ach di nensi on of the
t wispld&ingitmefisst quahtigrav themet bRk, an even number of
elements; 18. The nethod according to claim 16 or 17,

- whelading theaet blogk 18@fvéthina plane defieed b ting sugaegohthe net
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t .f the nunber of the plurality of singul ated
integrated circuits; 20 19. The method according to

anmyoving tied net blook irlthe @tdBd oveaitatidh bAck totheiflkst PEIs;
further includes sjdes of said second el enents, which

arB9Ngr3 SRR QeARlly getha inigrgretcirawtieginge &ie bet elacks
| theviRg e RBIE bbbk £ 15 E8ESHP position, and:

displacing the second quantity from the net block.

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

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;

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.



