
ASSEMBLY AND METHOD FOR IC UNIT ENGAGEMENT  Field of
the Invention 5 The invention relates to the
singulation of integrated circuit units and in
particular to the  assemblies used.to engage and
transport the individual units. Further still the
invention  relates to the adaptability of said picker
assemblies to adjust the spacing of individual
pickers within the assembly. 10 Background 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. 15 Considering adaptability of said
machines, 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 20 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 collectively. 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. ~ 



2  Some systems have been trialled to achieve this
function. For instance, one system uses  a threaded
rod to connect each of the pickers within an assembly.
In this case, the thread  is at discreet location to
coincide with the position of each picker. Further,
the thread for  each pair of pickers symmetrically
placed around a centre line varying based on 5
position, such that rotation of the threaded rod will
move the outer pickers further than  the inner
pickers. Accordingly, the pitch of each portion of the
thread will vary based  upon the distance from the
centre line, and further, with the thread on one side
being a  forward thread and a reverse thread on the
corresponding other side of the centre line. 10 Whilst
this is a simple and direct solution, the manufacture
of such a rod may be  extremely time consuming and
therefore extremely expensive. Any detritus, such as
gri t, on one of 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. 15 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. 20 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 infrastructure to achieve
these processes will equally suffer from pressure to
reduce cost  whilst maintaining speed and quality.
Given the volume of integrated circuit chips contained
within a substrate, a potential  5 bottleneck is the
ability for the various systems to move the IC units
from station to  station once singulated. Different
systems have been developed to achieve this, for
instance that disclosed in PCT/SG2005/000288, the
contents of which are incorporated  herein by
reference. In order for the unit pickers to engage
individual IC units, the unit  picker assembly
involves a complex arrangement designed to engage the
various units 10 in a specified manner. Whilst both
efficient and effective, the cost and maintenance of
such equipment may be particularly high. Further, such
systems are known to create a degree of friction, as
well as the potential  for backlash. 15 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  20 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 4  pickers; wherein
the selective variability in spacing is provided by
rotation of the shaft  such that thickness variation
of the cam plates move the respective pickers along an
axis  parallel to the shaft. 5 In a second 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:
rotating a shaft having a plurality of co-axial cam
plates, said cam having a  variable thickness, said
cam plates in engagement with said pickers; biasing
said pickers  using said cam plates, and consequently;
wherein the selective variability in spacing is 10
provided by rotation of the shaft moving the
respective pickers along an axis parallel to  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  15 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. 20 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 having to  



replace the entire shaft and undamaged cam plates.  5
In one embodiment, the engagement between the pickers
and the cam plate may be a  resilient engagement such
that on reducing the interstitial space, the pickers
are biased  in order to maintain contact with the cam
plates. In a further embodiment the  engagement
between the cam plates and pickers may be a fixed
contact such as a 5 common shaft through the pickers
and cam plates with the cam plates having a
circumferential slot so as to permit rotation whilst
maintaining fixed engagement with  the pickers. In a
third aspect the invention provides a picker assembly
comprising: a plurality of  10 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, 15 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. 



20 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 6  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 consequently; selectively varying the
spacing of said  5 pickers. In this aspect of the
invention, the individual components may be
proprietary  components or relatively simple to
fabricate and assemble. The gear arrangements to
drive the timing belts may also be proprietary items.
The gear arrangements may also  10 be relatively easy
to repair or replace without affecting the overall
system. In a fifth aspect the invention provides a
picker assembly for engaging singulated IC  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 15 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 20 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.
7  Thus, compared with a rack and pinion assembly,
there may be less friction and  relatively easy
maintenance. Further, the use of the arcuate portions,
the rate of  deceleration prior to contact, and
acceleration on engage the units may be controlled to
a greater degree. To this end, there may be less
potential for damage to the unit, fatigue 5 loading on
the assembly and reduced chance of the shock of
acceleration shifting or  dislodging the engaged IC
unit. Brief Description of Drawings 10 It will be
convenient to further describe the present invention
with respect to the  accompanying drawings that
illustrate possible arrangements of the invention.
Other  arrangements of the invention are possible and
consequently, the particularity of the  accompanying
drawings is not to be understood as superseding the
generality of the  preceding description of the
invention. 15 Figures IA and 113 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  20 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; 8  Figures 4A and 4B
are various views of a picker assembly according to a
third aspect of  the present invention; Figures 5A, 5B
and 5C are sequential elevation views of the picker
assembly of Figure  5 4A performing a simultaneous
engagement, and; Figures 6A, 6B and 6C are sequential
elevation views of the picker assembly of Figure  4A
performing an individual engagement. 10 Detailed
Description Figures IA and I B 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 1 B having a
maximum spacing  15 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 16, 18 for both
adjacent pickers 20, 22. As the 20 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 10 and so on rotation 30  



of the shaft 4, by pulley 32, the cam plates are
rotated 28 which shift 26 the pickers a 9
pre-determined distance along an axis parallel to the
axis of rotation 14 of the cam  plates-and shaft, and
so vary the spacing 11 of said pickers 20, 22. In this
embodiment the cam plates 6 are spaced symmetrically
about a central cam plate  5 8 with each of the cam
plates consistently aligned such that the thicknesses
of each of  the cam plates is the same at any point
around the periphery. Thus as the shaft rotates  and
consequently the cam plates rotate, the cam plates 6
at the end have the benefit of a  cumulative effect of
all of the cam plates symmetrically around the central
cam plate 8. 10 Figure 1 B shows the effect of the
expansion to a maximum spacing 41 as a result
rotation 28 of the cam plates. A reversal of this
rotation 38 as a result of the rotation 36  of the
shaft 6 will move 42 the cams from a maximum thickness
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  15 "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 20 arrangement, which may be
equally applicable to the picker assembly 2 of Figures
1 A  and 1B. In this embodiment the shaft 4 is rotated
through a motor 48 such as a stepper motor or  



a synchronized motor which is fixed to the shaft
through a belt drive 50, 52, 32. It will 10  be
appreciated that a direct drive motor attached to the
shaft may also be useful and that  the particular
manner in which the shaft is driven is not critical to
the invention. Figures 3A and 3B show a picker
assembly 53 according to a further aspect of the  5
present invention. Here the pickers 60, 62, 64, 66,
68, 70 are mounted in pairs to timing  belts 54, 56,
58. The pickers are further mounted to the timing
belts through support  members 72, 74, 76, 78, 80, 82,
84. The support shafts are in turn mounted to rails
84,  86, 86.88. 10 The timing belts 54, 56, 58 are
driven from a shaft 96 with gears 90. 92, 94
associated  with each timing belt 54, 56, 58. Each of
the gears is mounted to the shaft 96 and so  rotation
of the shaft 96 causes simultaneous driving of the
gears 90, 92, 94 which in turn  simultaneously drive
the timing belts 54, 56, 58. 15 Each of the timing
belts is associated with a pair of pickers. For
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. It will be noted that each
member of the pair is symmetrically located about a 20
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. 11  It will
be appreciated that on rotating the shaft 96 with
simultaneous activation of the  gears 90, 92, 94, that
the higher gear ratio the higher the speed of the
timing belt and  consequently the further will be the
movement of the associated pickers. Therefore, as 5
each of the timing belts is moving simultaneously, the
gearing of the gears 90, 92, 94  ensure that the
spacing between adjacent pickers will remain constant.
It will be appreciated that whilst the assembly 53
shown in Figure 3A and 3B is for six  pickers, the
number of pickers used may vary considerably, with
additional pairs of  10 pickers involving the
consequential gearing to accommodate this. For
instance for an eight picker arrangement, with the
extra pair placed at extreme ends of the picker array,
a fourth timing belt would be required having a
gearing ratio of 7:1. Figures 4A and 4B show a picker
assembly according to a further aspect of the present
15 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 20 130 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 12 velocity. By shaping. the rotating arm
with a curvature at extreme ends, the-picker
decelerates as it approaches and accelerates on
retraction from the point of contact with  the IC
unit. In this way, undue acceleration on the unit may
be avoided, as well as  minimizing fatigue effects on
the picker and mechanism due to the shock of "instant"
5 deceleration and acceleration from the constant
velocity to termination of the rotation of  the arm.
In keeping with the principle of the present invention
of reducing the ratio of motors to  unit pickers in
the embodiment of figures 4A to 4C, the ratio is four
motors to eight  10 pickers. In the second embodiment,
the driving mechanism and actuator assembly is removed
and replaced by an actuator array 151. In this case
for eight pickers, there are  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. 15 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 20
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 right hand pickers permitted to
move upwards 175 under action  of the spring 130. In
the downward action the pickers are brought in to
correspondence 13  with singulated units and therefore
are able to engage the units simultaneously. It will
be appreciated that for this embodiment, the
singulated units will have a spacing similar  to that
of the clearance between the individual unit pickers
to permit this simultaneous  engagement. 5 Figure 5C
show the next phase whereby the rotating arm 150 is
rotated 180 in a  clockwise direction so as to force
the right hand pickers downwards and allow the left
hand pickers to be urged upwards by the spring. Thus
the next four units can be  engaged ready for
transfer. 10 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 the  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 



15 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  20 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. 14  The unit
picker assembly shown in Figures 5A, B and C show one
embodiment  whereby four integrated circuit units are
simultaneously engaged. In this operation the
rotating arms of all the adjacent motors operate at
the same time to raise and lower the  unit pickers as
a group. Figures 6A, 6B, 6C and 6D show the same
device operating 5 according to a further embodiment
of a present invention. Here the motors operate
individually so as to operate the individual pairs of
unit pickers separately. In this  mode, individual
integrated circuit units are engaged rather than a
group  simultaneously. 10 Figure 6B shows the first
step whereby the first motor rotates 161 to lower 162
the first  unit picker 172 to engage a single
integrated circuit unit. Correspondingly the second
unit picker 173 rises 163 due to a biasing effect from
a spring positioned within the  assembly. 15 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  20 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 unit picker
174 in a similar 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 15  to 6D
show individual operation of the unit pickers as
compared to the simultaneous  arrangement shown in
Figures 5A to 5C. It will be appreciated that any
combination  from individual operation to simultaneous
operation may be possible with the  arrangement
according to this embodiment. 16  Claims: 1. A picker
assembly comprising a plurality of pickers in
selective variable spaced relation; 5 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 pickers; 



wherein the selective variability in spacing is
provided by rotation of the shaft  10 such that
thickness 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. 15 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  20 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. 17  5. A method for
picker assembly for selectively varying the spacing of
pickers within a picker assembly, the method
comprising the steps of: rotating a shaft having a
plurality of co-axial cam plates, said cam having a
variable thickness, said cam plates in engagement with
said pickers; 5 biasing said pickers using said cam
plates, and consequently; wherein the selective
variability in spacing is provided by rotation of the
shaft  moving the respective pickers along an axis
parallel to the shaft so as to vary the  respective
picker spacing. 



10 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; 15 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  20 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.
18  7. The picker assembly according to claim 6,
further including support members coupled with each
picker, said support member in sliding engagement with
rails, said support members arranged such that
movement of the pickers  consequently moves the
support members along said respective rails. 5 8. The
picker assembly according to claim 6 or 7. wherein
there are 3 pairs of  



pickers, with the respective gear ratios being 1:1,
3:1 and 5:1 for the pair from  the innermost to
outmost pairs. 10 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: 15 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  20 pickers.
mounted thereto; diverging or converging corresponding
pickers within each pair as a result of  moving said
belts, and consequently,. selectively varying the
spacing of said pickers. 19  11. A picker assembly for
engaging singulated IC 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  5
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; 10 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. 15
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  20 members are positioned equi-distant between
said opposed ends of said drive  member. 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. 5 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  10 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. 


