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ASSEMBLY AND I\/ETH(I) FOR I C UNI T ENGAGEMENT Field .of -
the Invention 5 The invention relates to the mmmn
|

singul ation of integrated circuit units and wmmmmmmml
particular to the assenblies used.to engage
transport the individual units. Further still theisoso
invention relates to the adaptability of said picker
assenbl i '
o cker &SREMBL AR MR P F ORI CE R A GEMENT
desi gni ng machinery for the processing of substrates
and individual 1Cunits, key factors such as
m nim zing waste, nmaintaining units per hour (UPH) and
Fieldrof thednveltiomt i ne for retooling are all key design
determ nants. 15 Considering adaptability of said
machi nes, in order for a machine to be useful for a
range of applications, it will be necessary for it to

TRE fRERRI Al SUB S ﬁﬁﬁﬁat%vdﬂﬂte%ﬁ'técdfﬁfcﬁﬁtunﬁpgﬁd #Oarticular to the
between the IC units [ st t nachlne can

agsgxﬁl fg%:sg%teﬁ % r?%gg an&lﬁrﬂh%%ﬁtthg d1v1gu§W1H ﬁrtl?& sg 1 the invention

can pe a apte

20 to te sai d spaci ng. In partlcu
f-‘{cféﬁgsp 5 bred alaniaalin g%m BEkEr $5CPPARSIRd st i spacing o "individual

singulated I C units between stations are dependent

- pighern within Biga85eMPIvf the units in order to engage the

units collectively. It would therefore be useful if
t he spacing of the pickers within the picker assenbly
coul d be adjusted to acconmmopdat e substrates having

Bdtkdreuaat 1 C unit spacing. ~

In designing machinery for the processing of substrates and individual IC units, key
factors such as minimizing waste, maintaining units per hour (UPH) and limiting

downtime for retooling are all key design determinants.

Considering adaptability of said maéhines, in order for a machine to be useful for a
range of applications, it will be necessary for it to accommodate substrates having
different spacing between the IC units. Whilst the machine can be retooled for each
application, it would be more efficient if the machine can be adapted relatively simply
to accommodate said spacing. In particular the picker assemblies used to transport the
singulated IC units between stations are dependent upon the spacing of the units in order
to engage the units éollectively. It would therefore be useful if the spacing of the
pickers within the picker assembly could be adjusted to accommodate substrates having

different IC unit spacing.
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2 Some systens have been trialled to achieve this
function. For instance, one systemuses a threaded
rod to connect each of the pickers within an assenbly.
In this case, the thread is at discreet |ocation to
coincide with the position of each picker. Further,
the thread for each pair of pickers symetrically

| aced around a centre |ine varying. based.on 5

SRRt P4 DI, AT B Hbidof T hiBlPe, gnsieystom uses
nove the outer pickers further than the_ inner

a Hireaded g0d treqonpet sgeh ot the BICkET rithi 2R a3ssmBbr {1 s ease.ithe thread
thread will vary based upon the distance fromthe

isaediserset lopasiongn goingidetvath thaippsitiomef edvhgacken iFusther, hedhread for
being a forward thread and a reverse thread on the

eqzhr pas ponsitlags GyhetetSeally placddarcmadt 4 echtrédine 1¢ar\ihigl Isdsed on
this is a sinple and direct solution, the manufacture

p&iticil SHclPthh Ofb AN dT8he BXEIRAROY whill FRVEARS BN BicRAY further than
therefore extrenely expensive. Any detritus, such as

r- " n ] .
1 ghch i g Ao AR AR SN BONDE G HREL AP ARy bosed
replaced. Gven _the enyiron t. in which the picker. )
B LR gincg S s ccenifa s S0 PROR 2CuP Ayt B BEE Sidg peine o
be caught in the mechanism 15 Consequently, the i
forpars thread apd p reerse thread op theorresrandimp gtheraidenfithreentre line.
repl acenent of the threaded rod nay be consi derabl e.
It would be beneficial if the systemfor varying the

spaci ng of pickers were both sinple in operation and

Wiglsathiyes W $inpipeand idwectatd®ion? Ghé maNGICcARE of such a rod may be
consi deration, with decreasing profit margins for

e e Sistmitld Snd BREFR exRblel Bk nsivAE MY dethiflR, such as
pressure to reduce processing costs is significant and

g1t1]€ r(])%%nte ho?‘ the thread portions may cause damage to the thread, which may require

the entire rod to be replaced. Given the environment in which the picker assembly

operates, material from a sawing process may be caught in the mechanism.

Consequently, the lifetime cost of such a picker assembly based upon replacement of

the threaded rod may be considerable.

It would be beneficial if the system for varying the spacing of pickers were both simple

in operation and relatively inexpensive also.

In another consideration, with decreasing profit margins for integrated circuits, and in
particular, memory, the pressure to reduce processing costs is significant and hence the

need to speed production whilst maintaining quality. It follows that the cost of
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need to speed production whilst- maintaining quality.
It follows that the cost of infrastructure to achieve
these processes will equally suffer frompressure to
reduce cost whilst maintaining speed and quality.
-G ven the volunme of integrated circuit chips contained
within a substrate, a potenti’al 5 bottleneck is the
.ability for the various systens to nove the I1C units
InfragfcdiTg 9 aehieys theseatrpessses el capplftuiies fronpressareistreduce cost
systens have been devel oped to achieve this, for
whigfmamuteinitgspedd eed @eadidy.i n PCT/ SG2005/ 000288, t he
contents of which are incorporated herein by
reference. In order for the unit pickers to engage
individual 1Cunits, the unit picker assenbly
Give¥ GhY €8 1udn € MRt ERfarl R0 'Eflﬂ)% c‘gﬁﬁﬁr&ﬁe\gitwiﬁeg% %te’thg] Potential

various units 10 in a speci i'ed manner.

| - ive, th st. and i nancg of .
SR S8 L Vol SR PR oo v
U 5B BRI S S MRS S R i, o
. therefore be advant ageous to adopt a unit picker
inglanesihpt displgsed; 1ﬁ&&1@{gﬁaﬂ@§00%§eﬁw§mt¢ats quthiea@ ineprporated

| ower capital cost. Summary of Invention 20 In a _
hdreindty refpece. flinerdenf@rthé onit pickeisde £ngageiindieidualsiCenditsy the unit
conprising: a plurality of pickers in selective
pivkdri 3kneb1$ pRaeksr £bathpleR arrangdhddnt dBayiddtonphgd @k ividous units
of camplates, said camplates co-axial with said

inSP@febi fRAIn R NIV Both pfi Gedt MG PSS e, BRI DsCAMR RhAlGSnce of

such equipment may be particulérly high.

Further, such systems are known to create a degree of friction, as well as the potential

for backlash.

It would therefore be advantageous to adopt a unit picker assembly that incorporates

aspects that may lead to a lower capital cost.
Summary of Invention

In a first aspect the invention provides a picker assembly comprising: a plurality of
pickers in selective variable spaced relation; a shaft having a plurality of cam plates,
said cam plates co-axial with said shaft and having a variable thickness; said cam plates

in engagement with said pickers and positioned in interstitial spaces between said
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i n engagenent with said pickers and positioned in
interstitial spaces between said 4 pickers; wherein
the selective variability in spacing is provided by
rotation of the shaft such that thickness variation
of the cam pl ates nove the raspective pi ckers al ong an
axis parallel to the shaft. '5 In a second aspect the
inventjon provides a nethod for picker assenbly for
Piggsrecyheremythe selestiegy arighilisy e snegingfis pravidedywotation of the shaft
pi cker assenbly, the nmethod conprising the steps of:
sychtthatithigkuess Marfationapfitingycam plates aldvieythofespatiax prkegalong an axis
pl ates, said cam having a variable thickness, said
paraliel pd efeashaftn engagenent wi'th said pickers; biasing
said pickers wusing said cam pl ates, and consequently;
wherein the selective variability in spacing is 10
provi ded by rotation of the shaft noving the
r [ ek . X] allel to th .
] FERERY s P Lo Rpas 8 SR Yo ier dsfempiior sopgetively
use of cam.pl ates.is considerably |le expensi ve than,
vifFie e SPAIHS OL A A APeRdisher FambParts Flstigd sorising the
i n one enbodi ment the camplates may be identical and
stefetfefoiring ashpthevinre plardity of 6p-ayiel g netaufsaist eane having a
Further the shaft and cam pl ates nay be fabricated as
vagiablerthickngsisewal cam platesrinabgageingnt wich saidpickent Biasingyaib @ickers
wel ded or fixed onto the shaft and therefore be
usigd sdid ¢ pigas Yantl @onsBaaettBg twhiefein e BlecANY MY A8RYQh spacing is
havi ng the cam pl ates as separate itens to be fiXed ?o

probRled B frbtaliBY of AleSRaR H%%ﬁ@é’ ; pﬁg\ﬁ?ﬁﬂérsdﬁg???grg aXi® Phrallel to

pl ate and repl aced by another t avin

the shaft so as to vary the respective picker spacing.

The use of cam plates is considerably less expensive than that of fabricating a threaded

rod, particularly as in one embodiment the cam plates may be identical and therefore

‘have the benefit of volume manufacture.

Further the shaft and cam plates may be fabricated as a single piece or alternatively the
cam plates may be welded or fixed onto the shaft and therefore be relatively easy to

manufacture.

An advantage of having the cam plates as separate items to be fixed to the shaft may
also allow removable of a damaged cam plate and replaced by another without havingto

replace the entire shaft and undamagéd cam plates.
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repl ace the entire shaft and undanmaged cam plates. 5
I n one enbodi nent, the engagenent between the pickers
and the camplate nay be a resilient engagenent such
that on reducing the interstitial space, the pickers
are biased in order to naingain contact with the cam
plates. In a further enbodi nént the engagenfnt ;
bet ween the cam pl ates and pickers may be a fixe
Inc, SEROLTER: L6 PeaLERSHTIT LT e PHRGUGHG e cBaNgegnay be 2
and cam plates with the cam pl ates having a ' '
regilient erzagEnet shchs thet or gedusingdhe intestitialopacd, dre piblkdrs tre biased
mai nt ai ni ng fixed engagenent with the pickers. In a
int hided tasypeintait hentaoy evith die paavpdes. alpiLkatheassetddingent the
conprising: a plurality of 10 pairs of pickers, with

erRAGEM &1t e edPOfhict ¢4 @htsy BREHIdkeR! ¥y aROM:@d contact such as a
centreline, said pairs placed sequentially froman

' [yloh CHaQS h lj.ne & o :
oG TR A T Phert ol S HIAEE BE A2 B plates having 2
plural it f belts, each belt having. a.pair. of said .
cifkotfGeltidl i s ‘PipsPaY dontion IR AinipibRE (ed Reagqment with

in . a | oop about a pair of pulleys, with one picker on
thﬁﬁ“%ﬁ er part of the |oop and correspondi ng ot her
pi cker on a bottom portion, 15 such that novenent of
the belt diverges or converges correspondi ng pi ckers
within each pair; each belt in communication with a
Infa xied aspeétothgemrdndan prévidess ai gicige akisants cofptsihgda phurdlity of
common shaft; wherein the gear ration of each gearbox
pdifs oA pldkefst Wi eRéh pitk§ poSisibhé PO mBhetibAIFHuES 9&{&%!&99, said pairs

pair of pickers, said ration corresponding to

_ .pl%&fﬁ&%@{]uéﬁfﬁaﬁﬂ?rﬁﬁlz%anicihl‘;%]glloﬁfﬁa%eao?e%l D cSRiGeE ooarllld<i)urt]eqrmost pafr, '

ckers wt

furthest from the centreline; a plurality of belts, each belt having a pair of said pickers
mounted thereto; each of said belts arranged in a loop about a pair of pulleys, with one
picker on an upper part of the loop and corresponding other picker on a bottom portion,
such that movement of the belt diverges or converges corresponding piékers within each
pair; each belt in communication with a fixed ratio gearbox, with said gearboxes
mounted on a common shaft; wherein the gear ration of eacfl gearbox is a function df
the position. of the corresponding pair of pickers, said ratioh corresponding to the

number of interstitial spaces between corresponding pickers within each pair.

In a fourth aspect the invention provides a method for picker assembly for selectively
varying the. spacing’ of pickers within a picker assembly, the method comprising the
steps of: providing a plurality of pairs of pickers, with each picker positioned

symmetrically about a centreline, said pairs placed sequentially from an innermost pair
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20 In a fourth aspect the invention provi des a nethod

for picker assenbly for selectively varying the.

spaci ng of pickers within a picker assenbly, the

nmet hod conprising the steps of. providing a plurality

of pairs of pickers, with eagh pi cker positioned
symmetrically about a centreline, said pairs placed
sequentially froman innernost pair 6 closest to the
clgseat el ithie $e8tr8lnG UPe PRo SHICHRAS, PRl tTHERSSt f from tthe centreline;
centreline;, sinultaneously noving a plurality of
sigajtarcouglgcmopyakta phvaliy of pelisr eadh belt dapingkeepair of said pickers
nount ed thereto; diverging or convergi ng correspondi ng
mpinctké tiserstbi ivergd@cbr paivergisy aorréspordihg @fckemvvifign Satkl pair as a
belts, and consequently; selectively varying the

refR8et Abvifg S84 Belt aﬁh%glﬁeﬁlueﬂtw; tsgfeéti\%?}‘)@%r%f theNBacing of said

i nvention, the individu conmponent s may

p@ﬁﬁprietary conponents or relatively sinple to
abricate and assenble. The gear arrangenents to

drive the timng belts may al so be proprietary itens.

The gear arrangenents may also 10 be relatively easy

to repair or replace without affecting the overal
Ing hip egppegtn of the f nNenipne cthe t MEivighab reontenpirts vinde sbe proprietary

pi cker assenbly for engaging singulated IC wunits, the
coansmmints yor gelapyélg ismgple do phtuicatel dnd osbernbsiet Thiecdear apaigements to
~each unit picker wwthin said pair having an :
dreveghe eiffEing beldmfagalsengagepiatryotend) The sddir iraB@eden®f may also

said unit 15 pickers novably nounted to permt

b RYVRNEI ealy QIPepaif 61 fcPGEEW RO defclilnd @e vl kystem. |
engagefrent” position; a plurality of curvilinear drive
menbers having arcuate portions at opposed ends, each
drive nmenber corresponding to each of said unit picker

ai.rs; each . : : .
P4 fifth'aspect the invention provides a picker assembly for engaging singulated 1C

units, the assembly comprising: a plurality of unit picker pairs, each unit picker within
said pair having an engagement end for engagement of an IC unit; each of said unit
pickers movably mounted to permit movement from a retracted position to a unit
engagement position; a plurality of curvilinear drive members having arcuate portions at
opposed ends, each drive member corresponding to each of said unit picker pairs; each
of said unit picker within said corresponding pair arranged to contact the drive member
at the arcuate portion of said drive member; wherein each of said drive members being
rotatable about a horizontal axis intermediate said opposed ends such that rotation of the
drive member in a first direction forces ‘one of said unit pickers downward and a

rotation in a second direction drives the other unit picker upwards.
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of said unit picker within said corresponding pair
arranged to contact the drive nenber at the arcuate
portion of said drive nenber; wherein each of said
drive nenbers being 20 rotatabl e about a horizontal
axis internedi ate said oppos?d ends such that rotation
of the drive nenber in a first direction forces one
f said unjt glckers downward and a rotation in a
E% ORI e &iihoh TaFk Bd RipEN GishERblnitherpimebe Upwafiipsion and
7 Thus, conpared with a rack and pinion assenbly,
reldfviely wasy beuitenance.r Fatthaon thndse rof| thei arebiate gmstyons, the rate of
mai nt enance. Further, the use of the arcuate portions,
dédekeratadnepradr to dencred:temai 4Bl eptiodlont hg8QNMhAGinits ﬁﬂi@ be controlied to
accel eration on engage the units may be controlled to

_a @réifc® AeBree. dﬁgf}ﬁ?seend-r%etr@hﬁ% @R ess th?e‘hﬁalnf%Y dg’tﬁa%eet% he unit, fatigue

potential for damage to the unit, atlgue I'ng on

lotaﬁfﬁ a&?ﬁf%bels&nztﬂg farnﬁdnlé&?c%d <?:e %to I sr}11§ K o? acce?eraﬂcincshlftmg or

acc Ieratlon ting or Rie %1
tion of Dravmngs 10 It WI|| be

d%@ﬁ&@ﬁ§@h?u?gﬂfﬁﬁyﬁ&r descri be the present invention
with respect to the acconpanying draw ngs that
illustrate possible arrangenents of the invention.

O her arrangenents of the invention are possible and
Beieh Despriptidmyof Deaavipge t i cul arity of the acconpanying
drawings is not to be understood as superseding the

generality of the preceding description of the
invention. 15 Figures | A and 113 are el evation views

1tOfilA bR Qﬁeénléﬁsﬁnm%eﬁgggr@e Nfe t e QNE m\fe'im&qlmptresggct to the

the present invention and

accompanying drawings that 111ustrate 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 invention.

Figures 1A and 1B are elevation views of a picker assembly according to one

embodiment of the present invention and;

Figures 2A and 2B are various views of a picker assembly according to further

embodiment of the present invention and;

Figures 3A and 3B are various views of a picker assembly according to a second aspect

of the present invention;
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Fi gures 2A and 2B are various views of a picker
assenbly according to further 20 enbodi nent of the
present invention and; Figures 3A and 3B are vari ous
views of a picker assenbly according to a second
aspect of the present invengion; 8 Figures 4A and 4B
are various viems of a picker assenbly according to a

third a t he pres Lnvent i ures
it SRER o aribray RRR a0 AnidY et BiaccoRitep abfipd Bbect of
assenbly of Figure 5 4A performng a sinultaneous
ﬂ@ﬂ@@@@ﬁﬁﬁﬂﬁm&nd Fi gures 6A, 6B and 6C are sequenti a

el evation views of the picker assenbly of Figure 4A
perform ng an individual engagenment. 10 Detail ed
-Description Figures A and | B show a a picker

assenbly 2 and in particular the shaft 4 having a
Fiphutsafl A, t19B aid S@mrécquatiab ervhtdheadwt bé fietmcker Assembly of Figure
particular, Figure 1A shows the picker assenbly 2

4R 3EHREM A St T4Red 1g3genlént, sidth Figure 1 B having a
maxi mum spacing 15 4 In this enbodi nent, there are

seven cam pl ates to accomodat e ei ght pickers 20. The
camplates 6 are placed in the interstitial spaces
bet ween adj acent pickers 20, 22 and in this

FEAPSRATN BCSP bl R St 8o o i

the camp Iate$ 6 a SO rotate about their connon axrs
44 perfpRBINg AR 1P %ﬂdé‘% CNgAECa vari abl e thi ckness from a
mnimum 12 to a maxi mum 10 and so on rotation 30

Detailed Description

Figures 1A and 1B show a a picker assembly 2 and in particular the shaft 4 having a
plurality of cam plates 6 attached thereto. In particular, Figure 1A shows the picker
assembly 2 having a minimum spacing 11, with Figure 1B having a maximum spacing

41.

In this embodiment, there are seven cam plates_to accommodate eight pickers 20. The
cam plates 6 are placed in the interstitial spaces between adjacent pickers 20, 22 and in
this embodiment engaged with followers 1.6, 18 for both adjacent pickers 20, 22. As the
shaft 4 rotates, the cam plates 6 also rotate about their common axis 14. The cam plates
are of a variable thickness from a minimum 12 to a maximum IC and so on rotation 30

of the shaft 4, by pulley 32, the cam plates are rotated 28 which shift 26 the pickers a
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of the shaft 4, by pulley 32, the cam pl ates are:
rotated 28 mhlch shift 26 the pickers a 9
pre-determ ned di stance along an axis parallel to the
axis of rotation 14 of the cam plates-and shaft, and
so vary the spacing 11 of sabd pi ckers 20, 22. In this
enbodi nent the camplates 6 are spaced symetrically
about a ceptral campl ate W t f the cam

i iigteaa e i eRisntioge B tieaeliino Haenmel {0 i Co §bdhe cam
of each of the can1p|ates IS the sane at any point

platle@amfbsftaﬁearp&b‘iq yiie e spaping 1hof stié piskers20r 22.at es  and
consequently the camplates rotate, the camplates 6
at the end have the benefit of a cunulative effect of
all of the camplates symmetrically around the centra

InGRIR cRIbRtAnéht tHecam PlatR 6larBsphedsyhheuRhfie %ou(?fa dehal cam pl‘ate

expansion to a maxi mum spacing 41 as a resul

8 thl'naéahﬁ’ Bf 4R Qi gﬁ?es%ﬁklgo ﬂfﬁlég@(gi{%%?élﬁ&?%%@& (%jcmaﬁes of each of

rotation 38 as resu
42 th m t hi.ckness
% B8 b ibs PR o BRRCegunh R EE . TAG: b tamar fotates
|ckers 2? 22 is returned to the orientation shown in
.cg)a?eélumt ) HesagrPlatse rdsrissths gamdal%tes appihe ead byvesthe baepfit of a
34 positioned to apply a 15 "spacing m nim zi ng
cuprleteve effecpfrabloafdhie camvatates sFimguateeallyAreund tRBcaitreicam plate 8.
further enbodi ment of a picker assenbly 44, whereby
the camplates are of a | ess angul ar shape,
representing |ess variation between the maxi mum and

Fighiel TRIGh6RAGhO@feét §ththePE:sR4ion 20.a 1%8x1nﬁin9léf)§cn?g84l 25 2 result
urther shows the notor 20 arrangenent, which may be

|HlgYe e

A BB 0P RSB N FB
ofI tll"]xg: SH%‘IP 6 w1rirlD rtn(())\r/e ﬁg tﬁg %Qm? Sf‘rozfln zsitrr?zgp r%glmn?nc?(ness 10 to the minimum
thickness 12. The spacing of the pickers 20, 22 is returned to the orientation shown in
Figure 1A through the biasing force applied by springs 34 positioned to apply a

“spacing minimizing force” 40 directed inward.

Figures 2A and 2B show an further embodiment of a picker assembly 44, whereby the
cam plates are of a less angular shape, representing less variation between the maximum
and minimum spacing of the pickers 20, 22. Figure 2B further shows the motor

arrangement, which may be equally applicable to the picker assembly 2 of Figures 1A

and 1B.

In this embodiment the shaft 4 is rotated through a motor 48 such as a stepper motor or

a synchfoniz_ed motor which is fixed to the shaft through a belt drive 50, 52, 32. It will
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a synchroni zed notor which is fixed to the shaft
through a belt dri've 50, 52, 32. It will 10 be
appreciated that a direct drive notor attached to the
shaft may al so be useful and that- the particul ar
manner in which the shaft is , driven is not critical to
the invention. Figures 3A and 3B show a pi cker
assenmhl y ﬁgéaccorQJng to a further aspect of the 5
b rRRzesated Hpb A diTT drivemoteratasheddertae #Bft oy alsa be geeful and that
68, 70 are nounted in pairs to timng belts 54, 56,
thg partiphlar plasrerria whieh the shafers dryemisowt toticdheo thiernvegtion.
belts through support nenbers 72, 74, 76, 78, 80, 82,
84. The support shafts are in turn nmounted to rails
84, 86, 86.88. 10 The timng belts 54, 56, 58 are .
Figtited I fah @B sisdi fat pi@er'd S i 4
1(aégsoci ated wth ea%h tY\Ar#%&ZSIBt ac%%dng%,m %8furt}égrcﬁspg?t of the
| S nd so _rotation .. .
Py ARh o, HERL B0 6b. 12, BTG, o8 PO G st %) R iming
e 0.9 94 which in turn sjnultaneously drive
ol Sh Y DB PLOKEEP 78 durtags TG e mE 7 belthfhrgueh support
belts is_associated with a pair of pickers. For
membersde 74t e 781 $% 82t $4vi e sunpptt sbafty are aw stys inzquagedaiotrails 84,
t he outernost pair of pickers 60, 70 which are | ocated
8at86. 8kt reme ends of the array of pickers. The second
belt 56 is associated wth the internediate pickers
62, 68 with the third belt 58 associated wth the
i nnernost pickers 64, 66. It will be noted that each
TRE R t528 5P ark Uri j t -
D0 S B TR ) SR Yo AAeEr L0 g fasBciaed
Q41 d t WP h | ocati on of the
Wi el il SOERETR SFPBRehaF o BER i tBadied i shatt 96 and so

espondi ng pdir

ut ernost _pj.ckers 60, 70 have a gear arrangenent 90
roffiten Og%}ea%h% %gfcags.ei simyjligneons dpivingeot g ggaes ?an fengt péich in turn
56 has
simultaneously drive the timing belts 54, 56, 58.

Each of the timing belts is associated with a pair of pickers. l_:or instance, the first timing
belt 54 is associated with the outermost pair of pickers 60, 70 which are located at
extreme ends of the array of pickers. The second belt 56 is associated with the
intermediate pickers 62, 68 with the third belt 58 associated with the innermost pickers
64, 66. 1t will be noted that each member of the pair is symmetrically located about a
centreline 100. The gearing of each of the gears 90, 92, 94 is dependent upon the
location of the corresponding pair of pickers. For instance the outermost pickers 60, 70
have a gear arrangement 90 with a ratio of 5:1. Similarly the second timing belt 56 has

a gear 92 with a ratio of 3:1 with the innermost pair having a gear with a gear ratio of

1:1.
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a gear 92 with a ratio of 3:1 with the innernost pair
having a gear with a gear ratio of 1:1. 11 It wl|
be appreciated that on rotating the shaft 96 with
si mul t aneous activation of the gears 90, 92, 94, that
the higher gear ratio the higher the speed of the
timng belt and consequently the further will be the
novenent of the associated pickers. Therefore, as 5
each of the timng belts is noving sinmultaneously, the
gearing of the gears 90, 92, 94 ensure that the
Itapdlchergprresisied Hlaa@pare@ﬁpg dhe fhaifis 96 mith simphiansoppaivation of the
It will be appreciated that whilst the assenbly 53
geno®h 921 O that eheSiigherdzedBritio thehigiex thepipeke p§ thet tireing belt and
nunber of pickers used may vary considerably, with
catdiientnate fuatheswilf be e MO GEINS of theodsvidigied prekers. Therefore, as
consequential gearing to acconmpdate this. For

eddASIFARE EnfiRs bé\'& ﬁ'rgg'%né"sﬁxlﬁﬁfan@(ws?qg@?%n oWftthe £88s 90, 92, 94

extra pair placed at extrenme end he plcker array,

Rl EHE e Gt KL RSSO FALNRN oy,

assenbly according to a further aspect of the present
15 invention. The picker assenbly 122 has a unit
pi cker array 121 having parallel actuator and

Iteridlhresppraciatedhthat whidy tha agemblypilethown ia Kigup Pidngpdol B éxfor six

135. The unit pickers 121 are positioned within a
plkersk theOfimvirer alf pekrams isedvmay iveay comsidevablywhwith additional pairs of
together, is nounted to a frane 115. The unit picker

pREkE@Mnviolding 64 UStRSq@entiaNE ek NG ap&rhimodatt @Gat 86r irktance for an
the top of the actuator shaft 130. In this case,

gf ted a‘?xtan%é}ﬁ’eﬁt ORitRnd @@rag&%hgﬁﬁ&ﬁ a8 Bt 2Lhal 39 tHec‘pléker array,

ower arranged to c drive nenber, such

T B B e AR 79,
arr angenent

Figures 4A and 4B show a picker assembly according to a further aspect of the present
invention. The picker assembly 122 has a unit picker array 121 having parallel actuator
and engagement shafts 120, 130 coupled by a coupling block 135. The unit pickers 121
are positioned within a block 106 which permits vertical motion which, together, is
mounted to a frame 115. The unit picker array 121 includes a contacting portion located
at the top of the actuator shaft 130. In this case, located at the top of the actuator shaft
130 is a follower 140 arranged to contact a drive member, such as a rotating arm 150.
In this embodiment, the rotating arm is intended to act in a “cam-type” arrangement
with the follower remaining in contact with the rotating arm. The rotating arm is shaped
to provide graded velocity of descent as the arm rotates. It will be appreciated that if the

arm were straight, on a constant rotation of the arm, the picker would have a constant
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with the follower remaining in contact with the
rotating arm The rotating armis shaped to provide
graded velocity of descent as the armrotates. It wll
be appreciated that if the armwere straight, on a
constant rotation of the ar t he picker woul d have a
constant 12 velocity. By shaping. tRe rotﬁting arm
Wit curvature at extrene .ends, the-picker i
veif s ShaPi R, Ryl i SuBhA cromi Al ot cemgrends, the -picker
retraction fromthe point of contact with the IC .
deggleratey 46 it ppRIOYRAgS anthenselemiesedreretartiom Bomtthe peint of erajact with
be avoided, as well as mnimzing fatigue effects on
theH€ phitklar thinwayeaitani moeldutot ent the witomky bk dvioitetamd Well as
5 decel eration and acceleration fromthe constant

| mitem@gihg Yatige teffictis vat the pidker bitEmcOhadidn® Qudto tHel@o8 BY “instant”

In keeping with the principle of the present invention

dQE1tRINGENA Sl dI&ati G #OmThe PDELE vélgcit)tjtﬁgcgnﬁhgtli(o%rgf tiggbortation of

the enbodi ment of figures 4A to 4 ratro 1s
HIRLQrs to eight 10 pickers. In the second enbodi nent,
he dri vi ng nmechani sm and actuator assenbly is renoved
and replaced by an actuator array 151. In this case
for eight pickers, there are four notors within the
array 151 having one notor for every two pickers. Each
Innkepepingi with fegiicileof thi phesantripvention @f aeduciiOhewrdtto efasdtors to
end of the rotating arm 150 corresponding to a unit
umpi plckers i the tmbddieneunpf fipiek & ass€teyratid 2s 06 ahetbRUo eight
to this enbodinent is arranged to pick up four

piskérgulIAtiRg sétBhd Tnmdbdihént, MBe ARidghMecHRakm IR tuator assembly is
i nvolves directing a unit picker to engage a unit

refio¥dd LAD ?éf)llja%lea' Py Elh AfuGtor gfbx‘ay 5 anfmaG.s8 O Q‘ﬁ priTCEI‘(tCIIjS? gqere are
of operatron of "this
four motors within the array 151 having one motor for every two pickers. Each motor is

associated with a rotating arm 150 with each end of the rotating arm 150 corresponding

to a unit picker 121.

The unit picker assembly 122 according to this embodiment is arranged to pick up four
singulated units at a time and thus each motor involves directing a unit picker to engage
a unit simultaneously. Figures 5A, 5B and 5C show the method of operation of this
embodiment. In Figure 5B each motor activates to rotate 165 the rotating arm 150 in a
counterclockwise fashion. The rotating arms being in contact with the followers 140 for
each picker follow the rotating arm which is biased upwards by a spring 130. Thus by
rotating 165 in a counterclockwise fashion, the left hand unit pickers are pushed
downward 170 with the righf hand pickers permitted to move upwards 175 under action

of the spring 130. In the downward action the pickers are brought in to correspondence
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'be anprersatpdvhatifog dhis smbpfiagst.dke pisgulpted inis gl

enbodi nent. In Figure 5B each notor activates to
rotate 165 the rotating arm 150 in a 20

countercl ockwi se fashion. The rotating arnms being in
contact with the followers 140 for each picker follow
the rotating armwhich is bigsed upwards by a spring
130. Thus by rotating 165 in a counterclockmﬁse

shio t he | ef.t hapd uni i ckers pushe
Wil st g P TR b s e Rl aitam tangepst, 1 will
move upwards 175 under action of the sprlng 130. In
2¥¢ & gpacing similar
correspondence 13 wth singulated units and therefore
toathet @tthe clearagng betevetin ¢heuimidividusi ot tparkersuts Ipermit thiwdsinhultaneous
be appreciated that for this enbodi nent, the
erflapgib@t ed units will have a spacing simlar to that
of the clearance between the individual unit pickers
to permit this sinultaneous engagenent. 5 Figure 5C
show t he next phase mhereby the rotating arn1150 S

R AP R AT R 150
nd pi.ckers to be urged u the spring. Thu
cl Pﬂs"lﬁ%ﬂtreqt@arsom.@ JorcaiheEEn m@wgsgvé@cef% s and allow the lef
transfer. 10 The exact nature of the arrangenent of
handepigkgrs go ragyungad ypwagds bnsghappereng. i Thupniee nextsfoancegs can be
the units nmay be placed in a checker board arrangenent
erpadedseadnfoondasfef.or the second four units to be
engaged, the unit assenbly 122 nay need to be shifted

so as to bring the second four pickers into
correspondence with the second four units. The

The exact nature of the arrangement of the units may vary, for instance, in some
instances the units may be placed in a checker board arrangement and so in order for fhe
second four units to be engaged, the unit assembly 122 may need to be shifted so as to
bring the second four pickers into correspondence with the second four units. The
arrangement of the units to be engaged does not form part of the invention and so the

unit picker assembly 122 may be adaptable to a wide range of unit distribution.

In this embodiment where clearance 155 between the unit pickers is of importance,
adjacent rotating arms may be profiled to permit an overlap 160A, B between adjacent
arms so that the rotation of said arms does not interfere with each other. Thus as shown
in Figure 4A and 4B, adjacent arms can be placed relatively close to each other without

the arms actually contacting each other.
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15 arrangenent of the units to be engaged_dbes not
formpart of the invention and so the wunit picker
assenbly 122 may be adaptable to a wi de range of unit
distribution. In this enbodi ment where clearance 155
between the unit pickers is i nportance, adjacent
rotating arns may be profiled to permt an gverlap . :
60A, B between adjacent 20 arns so that the rotation
TRY ual; pickerassambl MEt i drigwre Wi-tR ®ok shverone Tmisodiment
as shown in Figure 4A and 4B, adjacent arns can be .
wherge frur dntagiates] gircaitowiss ate smohansohgy engagedutin thikeperation the
arnms actually contacting each other. 14 The unit
ropitmigerma o eliithy adjhasen motorklogetaisat 3e sdthefifle € sAi@MiINBwer the
enbodi ment  whereby four integrated circuit units are
urfit PiekérdneAUSHYp.€ 'F%Q@sdéA,l BBL B¢ Sin@RE HdvP thel Be device operating
rotating arns of all the ad] acent gntors_operaLe at
: t4 t P I - uni I gkers. as
NP ph e G b i o OB e b Edl ib o operac
' [ [ t.h enbodi nment
R B e R B A LSRRG, 1
individually so as to operate the individual pairs of
mods.t 1piRideRls iBisgrated efijcuil mnitsi @re neimged nelitharddldn 2 group
integrated circuit units are engaged rather than a

sigieiyeouslymul t aneously. 10 Figure 6B shows the first

step whereby the first notor rotates 161 to |ower 162
the first unit picker 172 to engage a single
integrated circuit unit. Correspondingly the second

Figitet6 iR thd Bt lepamnelaR MY %rét%&orb}o@aﬁé;s“ﬂsfgf){;?\g%rr f; G2 first

a spring positioned withi'n the assenb A
t wher eby. t.he.rotatjing arm.15
un?o \g%erslh%l tg%ﬁ‘%%e; &%glet 18?6grakgé/d c¢ircuit unit. bogespomhngly the second
unit picker 173 rises 163 due to a biasing effect from a spring positioned within the

assembly.

Figure 6C shows the second step whereby the rotating arm 150 rotates clockwise 164 to -
correspondingly raise 166 the first unit picker 172 so as to lower 167 the second unit

picker 173 in order to engage an integrated circuit unit.

Having engaged an IC unit with both the first and second pickers 172, 173, the first
motor returns to an equilibrium position whereby the unit pickers are level and the
second motor begins operation. Figure 6D shows a rotation 168 in order to lower the
third uni;[ picker 174 in a sjmilar fashion to that shown in Figure 6B for the first unit
picker. .Accordingly the array 151 of unit pickers is individually engaged in order to

pick up individual integrated circuit units. Accordingly the embodiments of Figures 6A



correspondingly raise 166 the first unit picker 172 so
as to lower 167 the second unit picker 173 in order
to engage an integrated circuit unit. Having engaged
-an 1C unit with both the first and second pickers 172,
173, the first 20 notor retyrns to an equilibrium
posi tion mhereby the unit pickers are |level and the

@ﬁéﬁd not, or. ﬁglns qpe% tion. kgure 6D shaows
P8GR, OBTAT b eghith PIEKE 2 IFPRWATFA o the ieyltancous
174 in a sim|ar fashion to that shown in Figure 6B
aFgecmeat shomgy ingrigeres SincloetC. Acedt & nppryciated thatrany coBibination
of unit pickers is individually engaged in order to
frpinc kndipidualdiopérdtiod  tontiegri@aheohscbperatidn umdyt e possible with the
Accordingly the enbodi ments of Figures 6A 15 to 6D
argdi@emiedi Vi dual aeqediagi on of tige unit pjgkers as embodiment.
conpared to the sinultaneous arrangenment shown in
Figures 5A to 5C. It will be appreciated that any
conmbi nation fromindividual operation to simnultaneous
operation may be possible with the arrangenent
according to this enbodinent. 16 dains: 1. A picker
assenbly conprising a plurality of pickers in
sel ective variable spaced relation; 5 a shaft having a
plurality of camplates, said camplates co-axial wth
said shaft and having a variable thickness; said cam
pl ates in engagenent with said pickers and positioned
ininterstitial spaces between said pickers;
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wherein the selective variability in spacing is

provi ded by rotation of the shaft 10 such that - -

t hi ckness variation of the cam pl ates nove the

respective pickers along an axis parallel to the

shaft. 2. The assenbly of clgim1l wherein the

t hi ckness variation of the c plates is continuous

ggoug the circunference of the camplate. 15 3. The
88nbly according-to claim1 wherein the thickness

variation is stepped, said stepped thickness a

function of predeterm ned spacing of said pickers. 4.

The assenbly according to claim 1l wherein the cam

pllat e& packer pdsaimbly @miiidgo 20 be engaged with

adj acent pickers, said cam plates arranged on the

shaf 5pﬁ1‘r‘zﬂh¥ of pekert REsdidbick Qﬁlsta?ol@gpa%@&fbléﬁ‘ont he cam
p ates is the sane at each pol nt ar ound

| h

o1 ciarhaL R ShLERRD FicBhilay Selércyaﬁ‘*néﬁe %9 sl with sgjd shat
k t hi bl th th d

ggﬁp%&iﬁ%&?&%&bg*gﬁg gFﬁgfgfatlxg a :hgft gaV|ng a

plurality of co-axial camplates, said cam hayi

n
var i 8 amplates i gngagsment withpvasd pickers @ﬁgﬁ@é@ﬁ‘g igjintprstitial

said pickers; 5 biasing said plckers usi ng said cam

pl at gmeesdretivesmrselpiekurs;y; wherein the sel ective
variability in spacing is provided by rotation of the

shaf vherghvihe Gelebve SaRBALt) IR sPAGKLIsSpralidbd bdRo@kbd® of the shaft
parallel to the shaft so as to vary the respective

Pi ck&lch$RA¢hiBEhess variation of the cam plates move the respective pickers along

an axis parallel to the shaft.

2. The assembly of claim 1 wherein the thickness variation of the cam plates is

continuous about the circumference of the cam plate.

3. The assembly according to claim 1 wherein the thickness variation is stepped,

said stepped thickness a function of predetermined spacing of said pickers.

4. The assembly according to claim 1 wherein the cam plates are placed so as to
be engaged with adjacent pickers, said cam plates arranged on the shaft such
that the thickness of each of the cam plates is the same at each point around the

circumference of each plate.
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10 6. A picker assenbly conprising a plurality of
pairs of pickers, with each picker positioned
symetrically about a centreline, said pairs placed
sequentially froman innernost pair closest to the
centreline to an outernost W? r, furthest fromthe
centreline; a plurality of belts, each belt having a

ir of sai ickers nounted thereto; 15 each of said |
ggr t s’ga‘P?tgﬂﬂgég‘ Plﬁf%{ IssTRPLsTiselscthely vapinguthe spacingof pickers
one picker on an upper part of the | oop and
cor r e¥paindi mekeo psrembyy, dhkemetbnd gomptisiogtlpoterisofi, such
that novenent of the belt diverges or converges
cor respmgdi spfphekiegsa plrdliy of edcdxifladaii pReshsdieldani Raving a
comuni cation with a fixed ratio gearbox, with said
gear ReXBER th2RndR WAl Eehnd Plates G Bﬁg%@?ﬁ@ﬁtf With M@f)ghée}s} he

gear ration of each gearbox is a function of

r . . funct ot " i d
posi Elh&ﬁ‘%g’efld Emegq}g{nrg%ﬁfaocﬁg{ Ry Bhsd 'Hgnggfs s sa

ration corresponding-to t er of 1N hiaI

spaces _between corres in i ckers with each pai.r.

1o et RN RIS < SRRy M ofste icprotided By fgtod of e shan

further includin sueﬁéyt menbers coupl ed with each

pi ckBPVIng theresRasHys Pickeniskame;an axiy nﬁrﬁ&l Enggbaterm assotvary th

rails, said support nmenbers arranged such that :

mov eligeectivd picker sprgkgrs  consequent |y noves the

support nenbers along said respective rails. 5 8. The

pi cker assenbly according to claim6 or 7. wherein

there are 3 pairs of

6. A picker assembly comprising

a plurality of pairs of.pickers, with each picker positioned symmetrically about a
centreline, said pairs placed sequentially from an innermost pair closest to the
centreline to an outermost pair, furthest from the centreline;
a plurality of belts, each belt having a pair of said pickers mounted thereto;
each of said belts arranged in a loop about a pair of pulleys, with one picker on
an upper part of the loop and corresponding other picker on a bottom portion,
such that movement of the belt diverges or converges corresponding pickers
within each pair;
each belt in communication with a fixed ratio gearbox, with said gearboxes
mounted on a common shaft;
wherein the gear ration of each gearbox is a function of the position of the

corresponding pair of pickers, said ration corresponding to the number of

interstitial spaces between corresponding pickers within each pair.
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pi ckers, with the respective gear ratios-being 1:1,

3:1 and 5:1 for the pair from the innernpost to

outnost pairs. 10 9. The picker assenbly according to

any one of clains 6 to 8, wherein the shaft is

coupled to a notor for rotatjng the shaft and

operating the gearboxes. 10. A nethod for picker

assenply for selecgtively varyin e spacing of .

pi‘cke P‘\%]‘?rtﬁSFF"gtﬁﬁiaE% m&égé::‘?b%ﬁ -f%t“ﬁléer fhdge support members
conprising the steps of: 15 providing a plurality of

pai t seupleg) witbresch wickhr, saishsyripskemepbsi in Siine cngagement with
symetrically about a centreline, said pairs placed
sequenatls,abdiy sfuppont anembernearmnged pach thdtomesémém édfhehe pickers
centreline to an outernost pair, furthest fromthe :
cent r @nkétfienty Mok EAME QuSHoYt MBYbAS aRnp lshiddbdpedtiRfrails.

belts, each belt having a pair of sard 20 pickers.
nount ed thereto; diverging or converging correspondi ng

pi ckers within each pair as a result of noving said

bel t and. conseguently,.. sel ectively varyi.ng,the .
sBaci Ff BEFEFa B spirdinggfo digim Ko 7 odhekeiadhers e popairs of
engagi.ng singulated IC units, the assenbly conprising.
a pl UisksTe-yViBT thdespepiivaegsar pios deingdch dihiprd pilclor the pair from
Wi thin said pair having an engagenent end for
engadbmemieropst amowt@oghpdirs. each of said unit pickers
novably nmounted to permt novenent froma retracted 5
position to a unit engagenent position;

9. The picker assembly according to any one of claims 6 to 8, wherein the shaft is

coupled to a motor for rotating the shaft and operating the gearboxes.

10. A method for picker assembly for selectively varying the spacing of pickers
within a picker assembly, the method comprising the steps of:

providing a plurality of pairs of pickers, with each picker positioned
symmetrically about a centreline, said pairs placed sequentially from an
innermost pair closest to the centreline to an outermost pair, furthest from the
centreline;
simultaneously moving a plurality of belts, each belt having a pair of said
pickers mounted thereto;
diverging or converging corresponding pickers within each pair as a result of
moving said belts, and conséquently; _

selectively varying the spacing of said pickers.
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a plurality of curvilinear drive nmenbers having

arcuate portions at opposed ends, each drive nenber
corresponding to each of said unit picker pairs each

of said unit picker within said corresponding pair
arranged to contact the driﬁf menber at the arcuate
portion of said drive nenber;” 10 wherein each of said
dri.ve,nmenbers bejng rotatable about a horizontal axis_

| ler AdiRgt 8SmPlY Rt s LI WhiEk teapsmin comprising
the drive nmenber in a first direction forces one of

sai d2 (hirelity; efcepid rigennaite. eavlt wnit oicket enthim saidsgdohaving an
direction drives the other unit picker downwards. 15

12. ditgegement epd ddremgagesemibbfaralConidi ng to claim 11

wherein said unit pickers are resiliently biased

upweéath of gl unidickedd dovibly mdufited i pERlindldn &R Honl §™dtracted
contact wth the drive nmenber. 13. The unit picker
asseghl [ eel or 12 wherein said

dri v%&htgoﬁﬁe%%}gré%ggé%%gEél)gfnll%r%ed equi - di stant between

said ed ends..of sai.d drive nber. 20 14, The

uni t* i cg@ly %fgg%rv VVaragIa%‘? (ﬁl?erﬁlbbelr%rﬁg']'lﬁg AT IS,\RRTIORS, of [peposed
di st ance fﬁon1the hori zontal axis to the opposed ends

is g?fg*étf'@r: AR¥AMSEbET eqrEespording ecapk plirithunipickerarirs

hori zontal axes of adjacent drive nenbers. 5 15. The

uni t ¢ash ok spidagdepisker wighiorsdidheprtesparidingrpdid awhregeditn cahtact the
| east a portion of each drive nmenber is profiled so

as tdriypanembercy érd apuatd p@dpaoLstid dfivey/Rembeirber s

W t hout causi ng contact.

wherein each of said drive members being rotatable about a horizontal axis
intermediate said opposed ends such that rotation of the drive member in a first
direction forces one of said unit pickers downward and a rotation in a second

direction drives the other unit picker downwards.

12. The unit picker assembly according to claim 11 wherein said unit pickers are
resiliently biased upwards such that said unit pickers maintain resilient contact

with the drive member.

13. The unit picker assembly according to claim 11 or 12 wherein said drive

members are positioned equi-distant between said opposed ends of said drive

member.
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16.

The unit picker assenbly according to any one of

clains 11 to 15 wherein on 10 rotation of said drive
menbers, one of each pair of unit pickers is noved to

an engagenment position so as to engage a plurality of
I C units sinmultaneously. 20

14. The unit picker assembly according to claim 13 wherein the distance from the
horizontal axis to the opposed ends is greater than half the distance between
adjacent horizontal axes of adjacent drive members.

15. The unit picker assembly according to claim 14 wherein at least a portion of
each drive member is profiled so as to permit overlap of adjacent drive
members without causing contact.

16. The unit picker assembly according to any one of claims 11 to 15 wherein on

rotation of said drive members, one of each pair of unit pickers is moved to an

engagement position so as to engage a plurality of IC units simultaneously.



