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and Method and Apparatus for Cutting Tapeless Substrate Using the Same
BACKGROUND OF THE INVENTION 5 Field of the Invention The present invention
relates to a nest suitable for holding a substrate in dicing integrate
circuit chips, a method for cutting a substrate with no tape for adhesion
using the nest) and an apparatus for carrying out the method. 10
Description of the Background Art During the fabrication of integrated
circuit chips, multiple integrated circuit chips are often arranged on a
single substrate, e.g., wafer or circuit board, which is eventually diced
to separate the integrated circuit chips. Although a substrate may be
sawed, or diced) to create individual chips at 15 substantially any point
during an overall fabrication process, the substrate is typically sawed
after ball grid arrays and dies are formed on the substrate. Fig. 1 is a
diagrammatic representation of a contact, or ball grid array (BGA) side of
a conventional substrate. A substrate 102 includes 20 individual integrated
circuit chips 112, each of which includes a ball grid array 110 of
contacts, as will be appreciated by those skilled in the art. In general,
the number of integrated circuit chips 112 formed on substrate 102 may
vary, depending upon the size of substrate 102 and the size of each
integrated circuit chips 112. Further, the number of balls in each ball
grid 25 array 110 may also vary. By way of example, as shown, substrate 102
includes one hundred and forty integrated circuit chips 112, each of which
have a ball grid array with sixteen balls. Substrate 102 also generally
includes locator holes 106 which are used for various fabrication processes
including, but not limited to, 30 processes used to apply ball grid array
110 on chips 112 and processes used to encapsulate substrate 102. "Pick-up
points" 116, which are also included on substrate 102, are arranged to
enable cameras to check the overall alignment of substrate 102, as
necessary, during fabrication.   D 3 S E P 2002 2 A representation of the
non-BGA side of substrate 102 is shown in Fig. 2. Non-BGA side of substrate
102 may be considered to be "die-side" of substrate 102, as non-BGA side
typically includes integrated circuit dies 140. As will be appreciated by
those skilled in the art, when substrate 102 5 is diced to form individual
integrated circuit chips 112) on side of each integrated circuit chip 112
will have ball grid array 110, while the other side will have integrated
circuit due 140. As mentioned above, in order to separate integrated
circuit chips from a substrate, the substrate must be diced with a dicing
saw or similar 10 device. Typically, a dicing process involves manually
placing the substrate, non-BGA side down, on an adhesive surface, e.g.,
tape. The tape is arranged to hold the individual integrated circuit chips
in place) both during and after dicing. Specifically, the tape is used to
prevent the individual integrated circuit chips from rotation and
translation with 



15 respect to one another. A substrate is cut from the BGA side, i.e., a
substrate is cut with the non-BGA side down, since it is difficult for tape
to effectively grip and hold the balls in b all grid arrays, either from
the bottom surfaces of the balls or from the side surfaces of the balls. In
other words) while tape is capable of 20 securely holding a substantially
smooth surface such as the dies on a substrate during dicing, the tape is
not as effective in securely holding an uneven surface, such as the overall
surface of ball grid arrays, during dicing. Once a substrate is placed on
tape with the BGA side up, the tape 25 and the substrate are manually
loaded on a vacuum chuck for dicing. In other words, the tape and the
substrate are aligned on a vacuum chuck, tape-side down, such that the
vacuum from the vacuum chuck effectively "grips" the tape and the board.
While the tape and the substrate are held on the vacuum chuck, a dicing saw
is used to automatically dice the 30 integrated circuit chips. As will be
appreciated by those skilled in the art, the dicing saw dices the substrate
to form the integrated circuit chips) substantially without cutting through
the tape. Once the integrated circuit chips are separated, the chips must
be   0 3 SEP 2002 3 removed from the tape. A vacuum is generally not used
to remove the chips from the tape, since the chips are often not accurately
aligned on the tape. Typically, a person may remove each chip, BGA side up,
from the tape) then place each chip, BGA side down, in a holding tray which
may be 5 used to transport the chips to a subsequent fabrication process.
The use of manual processes, however, is often time-consuming and
inaccurate. Alternatively, in lieu of a manual process, a pick-and-place
machine may be used to remove the chips from the tape, and place the chips
in holding trays. As was the case with manually removing chips from the 10
tape, the use of pick-and-place machines is often time consuming. By way of
example, a pick-and-place machine must line up each chip prior to picking
that chip off the tape. In addition, pick-and-place machines are additional
pieces of fabrication equipment that are genes ally separate from dicing
machines. Therefore, an overall dicing process is likely to require 15 an
additional manual process of transporting the tape and the diced chips to
the pick-and-place machine. The use of tape in dicing processes is often
undesirable as the tape may be relatively expensive, and must be disposed
of once the dicing process is completed. In addition, adhesives on the tape
may remain on a 20 chip after the dicing process, thereby creating residue
that may be difficult to remove. When residue is not properly removed from
a chip, subsequent fabrication steps, as well as the integrity of the chip,
may be compromised. The use of tape also generally requires manual
handling, e.g., placing a substrate on tape. As will be appreciated by
those skilled in the art, in 25 addition to being both tedious and time
consuming, manual processes often increase the likelihood that a substrate
may be mishandled or become 



contaminated. Hence, what is desired is a method and an apparatus for
efficiently and substantially automatically dicing a substrate to form
individual 30 integrated circuit chips. In other words, what is desired is
a method and an apparatus for securely holding a substrate, without the use
of tape) during a dicing process. SUMMARY OF THE INVENTION   0 3 SEP 2002 4
The present invention relates to a nest suitable for holding a substrate in
dicing integrate circuit chips, a method for cutting a substrate with no
tape for adhesion using the nest, and an apparatus for carrying out the
method. 5 According to one aspect of the present invention, a nest for
dicing is arranged to support a substrate during a dicing process, the
substrate including a chip, the substrate having a first side and a second
side, wherein the second side of the substrate at least one contact
associated with the chip. The nest for dicing comprises a nest main body
including a 10 grid arrangement which defines at least one opening that is
arranged to receive the at least one contact and at least one alignment
means, the alignment means being arranged to position the substrate with
respect to the nest main body. According to another aspect) the present
invention is directed to a 15 method for cutting a tapeless substrate
including a chip, the substrate having a first side and a second side,
wherein the second side includes a ball grid array associated with the
chip, the ball grid array including at least one ball having a bottom
surface and a side surface. The method comprises the steps of retaining the
substrate within a nest mechanism 20 arranged to hold the substrate,
wherein retaining the substrate includes placing the substrate within the
nest mechanism with the second side facing down, positioning the nest
mechanism on a cutting mechanism, the cutting mechanism including a vacuum
chuck and a cutting saw, wherein positioning the nest mechanism on the
cutting mechanism includes 25 positioning the nest mechanism on the vacuum
chuck, engaging the second side against the vacuum chuck with a vacuum from
the vacuum chuck, wherein the second side is engaged through the nest
mechanism, and cutting the substrate from the first side using the cutting
saw. According to yet another aspect) the present invention is directed to
a 30 method for cutting a tapeless substrate, the substrate having a
substantially smooth side and a substantially unsmooth side. The method
comprises the steps of retaining the substrate within a nest mechanism
arranged to hold the substrate, wherein retaining the substrate includes
0 3 SEP 2002 5 aligning the substrate within the nest mechanism such that
the substrate is substantially constrained from translational and
rotational movement and positioning the nest mechanism on a vacuum chuck.
The method further comprises the steps of engaging the substrate against
the vacuum 5 chuck with a vacuum from the vacuum chuck, wherein the
substrate is engaged through the nest mechanism and cutting the substrate
with a cutting mechanism. 



According to yet another aspect of the present invention, a nest for dicing
is configured to support a substrate during a dicing process, the 10
substrate having a first substrate side and a second substrate side, the
first substrate side being smoother than second substrate side. The nest
for dicing comprises a nest main body having a first nest side and a second
nest side, the nest main body including a grid arrangement which defines at
least one nest opening, the nest opening having an opening area that is 15
smaller than an area of a die diced from the substrate) the nest opening
further having at least one retainer wall disposed on the first nest side
proximate the opening area. The nest for dicing further comprises a vacuum
retainer plate having thereon at least one vacuum pedestal, the vacuum
pedestal being configured to be disposed through the nest opening 20 when
the nest main body is mated with the vacuum retainer plate, the vacuum
pedestal protruding above the first nest side of the nest main body when
the vacuum pedestal is disposed through the nest opening from the nest side
to lift the substrate off the first nest side when the substrate is
positioned on the nest main body with the first substrate side facing the
25 first nest side and when the nest main body is mated with the vacuum
retainer plate. According to another aspect, the present invention is
directed to a method for dicing a tapeless substrate, the substrate having
a first substrate side and a second substrate side, the first substrate
side being 30 smoother than the second substrate side. The method comprises
the steps of providing a nest having a first nest side and a second nest
side, the nest having a grid which defines at least one opening, the nest
opening having an opening area that is smaller than an area of a die diced
from the   0 3 S E P 2002 6 substrate and disposing the substrate on the
nest with the first substrate side of the substrate facing the first nest
side. The method further comprises a step of providing a vacuum retainer
plate having thereon at least one vacuum pedestal, the vacuum pedestal
being configured to be 5 disposed through the nest opening from the second
nest side and to protrude above the first nest side of the nest when the
vacuum pedestal is disposed through the nest opening. Further, the method
comprises the steps of mating the nest with the vacuum retainer plate,
thereby causing an upper surface of the vacuum pedestal to contact the
first substrate side 10 as the vacuum pedestal protrudes above the first
nest side of the nest, providing a vacuum within the vacuum pedestal to
hold the first substrate side of the substrate against the upper surface of
the vacuum pedestal, and dicing the substrate from the second substrate
side of the substrate using a dicing saw while the first substrate side of
the substrate is held against the 15 upper surface of the vacuum pedestal.
According to yet further aspect of the present invention, a nest for dicing
is configured to support a substrate during a dicing process, the substrate
having a first substrate side and a second substrate side, the first
substrate side being smoother than the second substrate side. The nest for
20 dicing comprises a nest main body having a first nest side and a second
nest side opposite the first nest side, for supporting the first substrate
side on the first nest side, the nest main body (502) including an aperture
having an opening area that is smaller than an area of a die (140) diced
from the substrate. The nest for dicing further comprises at least one 



25 vacuum pedestal for holding the die through the aperture during the
dicing process, the vacuum pedestal being configured to be disposed through
the aperture from the second nest side and protrudes above the first nest
side of the nest, the vacuum pedestal including an upper surface configured
to form a vacuum seal with the die during the dicing process. 30 According
to another aspect of the present invention) a cutting apparatus for a
tapeless substrate comprises a nest mechanism for retaining the tapeless
substrate not having on its back surface a tape for adhesion, a cutting
mechanism for the tapeless substrate and a supply   0 3 S E P 2002
mechanism for supplying and setting the nest mechanism to the cutting
mechanism for the tapeless substrate. The cutting mechanism for the
tapeless substrate includes a vacuum chuck for engaging the tapeless
substrate retained within the nest mechanism with a vacuum, and a 5 cutting
saw for cutting a prescribed portion of the tapeless substrate retained
within the nest mechanism and engaged with the vacuum. According to yet
another aspect, the present invention is directed to a method for cutting a
tapeless substrate, which comprises the steps of retaining the tapeless
substrate not having on its back surface a tape for 10 adhesion within a
nest mechanism, supplying the nest mechanism retaining the tapeless
substrate for a cutting mechanism for the tapeless substrate, engaging the
tapeless substrate within the nest mechanism supplied for the cutting
mechanism with a vacuum; and cutting a prescribed portion of the tapeless
substrate engaged with the vacuum. 15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagrammatic representation of a ball grid array side of a
conventional substrate. Fig. 2 is diagrammatic representation of a die side
of the conventional substrate of Fig. 1. 20 Fig. 3 is a diagrammatic
top-view representation of a nest in accordance with a first embodiment of
the present invention. Fig. 4 is a diagrammatic perspective representation
of the nest of Fig. 3 in accordance with a first embodiment of the present
invention. Fig. 5 is a process flow diagram with illustrates the steps
associated 25 with forming individual chips from a substrate in accordance
with a first embodiment of the present invention. Fig. 6 is a diagrammatic
top-view representation of a nest in accordance with a second embodiment of
the present invention. Fig. 7 is a diagrammatic top-view representation of
a nest in 30 accordance with a third embodiment of the present invention. 



Fig. 8 is a diagrammatic perspective representation of a nest in accordance
with a fourth embodiment of the present invention. Fig. 9 is a diagrammatic
perspective representation of a vacuum   0 3 S E P 2002 s retainer plate
increasing a vacuum block platform and a base plate in accordance with a
fourth embodiment of the present invention. Fig. 10 is a diagrammatic
close-up representation of retainer walls substantially surrounding a nest
opening in accordance with a fourth 5 embodiment of the present invention.
Fig. 11 is a process flow diagram which illustrates the steps associated
with forming individual chips from a substrate in accordance with a fourth
embodiment of the present invention. DESCRIPTION OF THE PREFERRED
EMBODIMENTS 10 The present invention will now be described in detail with
reference to a few preferred embodiments thereof as illustrated in the
accompanying drawings. In the following description numerous specific
details are set forth in order to provide a thorough understanding of the
present invention. It will be obvious, however, to one skilled in the art,
that the present 15 invention may be practiced without some or all of these
specific details. In other instances, well known structures and process
steps have not been described in detail in order not to unnecessarily
obscure the present invention. In accordance with one embodiment of the
present invention, a nest 20 apparatus is arranged, in conjunction with a
vacuum) to securely hold a substrate during a dicing process with use of
tape. A substrate is placed, ball grid array (BGA) side down) into a nest
which is then mounted on a vacuum chuck for dicing. During dicing, the nest
and the vacuum effectively constrain the substrate and, subsequently, the
individual chips 25 formed by dicing the substrate) from translational and
rotational movement. When the nest and the diced chips are removed from the
vacuum chuck after dicing, the diced chips are essentially ready to be
removed from the nest, as for example using a pick and place machine. In
accordance with one embodiment of the present invention, a nest 30
apparatus is arranged, in conjunction with a vacuum retainer plate
arrangement, to securely hold a substrate during the dicing process without
the use of tape. The substrate is placed, ball grid array (BGA) side up,
into a nest which is then mounted on the vacuum retainer plate for dicing.
0 3 S E P 2002 9 



By mounting the nest on the vacuum retainer plate, vacuum pedestals on the
vacuum retainer plate protrude through the nest opening to raise the
substrate above the upper surface of the nest. The top surface of the
vacuum pedestal also forms a vacuum seal with the smooth undersurface of 5
the die to be cut, allowing the die to be held securely to the top surface
of the vacuum pedestal when the vacuum is turned on. Because the substrate
is raised slightly above the top surface of the nest, the die saw may
protrude below the thickness of the substrate without risking damage to
either the nest or the saw blade. During cutting) the saw is disposed 10
within channels which are present between vacuum pedestals in the vacuum
retainer plate. The recessed channels may be sized to permit some degree of
fluctuation in side to side placement of the saw. Increasing the width of
the channels will decrease the top surface area of each vacuum pedestal,
but that will not significantly impact the ability of the vacuum to 15 hold
the cut die on top of the vacuum pedestal. After the substrate is cut, a
top cover is then placed over the nest containing the cut dies of the
substrate. The top cover preferably has contact posts which hold down each
individual die. This combination of the top cover, the nest and the cut
dies in between forms a covered nest 20 fixture, which is then lifted off
the vacuum block platform. By lifting the covered nest fixture from the
vacuum block platform, the individual dies are permitted to drop back down
to the nest surface. More specifically, each nest opening has retainer
walls disposed adjacent to its opening. When each cut die drops down to
rest on the top surface of the nest, the 25 retainer walls securely hold
each cut die by their edges, thereby preventing the translational and
rotational motion of the cut die. The cut die, being held substantially
immobile by the retainer walls, as well as trapped between the contact
posts of the top cover and the nest, may now be further processed (e.g.,
washing, rising, drying) while being kept substantially 30 immobile. Since
each cut die is held substantially immobile on the surface of the nest by
the retainer walls, the diced chips are essentially aligned and ready to be
removed from the nest when the top plate is removed, as for example, using
a pick and place machine. In this manner, the overall   0 3 S E P 200't to
dicing process is automated and the cut dies are held immobile during
cutting, transporting) and subsequent processing without the use of tape as
well as aligned for subsequent picking and placing. The use of a nest to
hold a substrate during dicing, without tape, 5 eliminates problems
associated with adhesive residue left on chips by the tape, as well as
issues associated with disposing of the tape. Using a nest also allows the
overall dicing process to be more automated, as the need for manual
processes including mounting a substrate on a vacuum chuck and removing
chips from the tape may be eliminated. 10 Referring to Figs. 3 and 4, one
embodiment of a nest mechanism will be described in accordance with the
present invention. Fig. 3 is a diagrammatic top-view representation of a
nest mechanism, while Fig. 4 is a substantially perspective representation
of the nest mechanism. It should be appreciated that for ease of
illustration, Figs. 3 and 4 are not 15 drawn to scale. A nest 202 is
configured, or otherwise arranged, to translational and rotational reduce
the movement of a substrate positioned within nest 202. While nest 202 may
be made of a variety of different material, in one embodiment, nest 202 is
fabricated from stainless steel, due to the fact that stainless steel is
both lightweight and strong. By way 20 of example, nest 202 may be
fabricated from 400C stainless. Alignment pins 210 on nest 202 are used to
engage locator holes on a substrate in order to position the substrate with
respect to nest 202. In general, substantially any suitable mechanism may
be used to align a substrate with nest 202. 25 When a substrate is properly
positioned with respect to nest 202, the substrate rests against a grid
arrangement 212. Although the die side of a substrate may be placed "face
down" on nest 202, in the described embodiment, the BGA side of the
substrate is placed onto nest 202. Grid arrangement 212 defines opening 214
which accommodate the ball grid 30 arrays of a substrate. That is, the ball
grid arrays of the substrate are at least partially placed within opening
214. As shown, while grid arrangement 212 defines one hundred and forty
opening 214, the number of openings 214 may typically be widely varied.  



~ 3 S E P 2002 n Each opening 214 effectively "holds" one ball grid array
such that at least one of the balls, or contact, of the ball grid array 110
lightly contact the walls of grid arrangement 212. In one embodiment, the
sides of four "corner" balls of a ball grid array may contact the corners
of grid 5 arrangement 212 in each opening 214. As such, while opening 214
may be substantially rectangularly shaped, the corners of opening 214 may
be slightly curved to facilitate contact of only the sides of corner balls
against grid arrangement 212. It should be appreciated) however, that in
some embodiments, substantially all balls along the sides of each ball grid
array 10 may contact the walls of grid arrangement 212. Nest 202 may be
mounted against a vacuum chuck that is a part of a dicing saw assembly. The
vacuum chuck typically generates a vacuum which engages the substrate
mounted on nest 202 through opening 214. Generally any suitable mechanism
may be used to mount nest 202 against 15 a vacuum chuck, including, but not
limited to, pilot locator holes 218 which are arranged to fit over dowels,
or similar structures, on the vacuum chuck. As will be described below with
respect to Fig. 5, when nest 202 and, hence, a substrate, are mounted on a
vacuum chuck, a dicing saw may then cut the substrate to generate separate
integrated circuit chips from the 20 substrate. Nest 202 is effective to
hold the separate integrated circuit chips substantially in place by
locating the balls of the ball grid array of each chips. The vacuum from
the vacuum chuck holds each chip against grid arrangement 212, while the
contact between the sides of at least one of the balls of the chip and the
walls of grid arrangement prevents the chip 25 from rotating and
translating. By preventing chips from rotating and translating, subsequent
pick and place processes used to remove chips from nest 202 may be
efficiently accomplished. Further, preventing chips from freely moving
during and after dicing also reduces the likelihood that dicing process may
inaccurately cut the chips from the substrate. 30 In the embodiment as
shown, a stepped section 21G, or channeled section, is arranged to receive
the cut sides of the substrate after the substrate has been cut, or diced.
In other words, scrap material from the substrate falls into stepped
section 216) and) as a result) is effectively   0 3 SEP 2002 12 prevented
from migrating with respect to nest 202, and potentially negatively
affecting dicing processes. Vacuum opening 222 may be used, in addition to
stepped section 21G, in order to further prevent scrap material from
migrating during and after a dicing process. Specifically, 5 vacuum
generated by a vacuum chuck may engage the scrap material through vacuum
opening 222, thereby essentially forcing the scrap material to remain
within stepped section 216. With reference to Fig. 5, one method of
implementing the nest of Fig. 3 and 4 in the creation of individual chips
from a substrate will be 10 described. Fig. 5 is a process flow diagram
which illustrates the steps associated with forming individual chips from a
substrate in accordance with an embodiment of the present invention. The
process 302 begins in step 3Q4 in which a substrate to be diced is loaded
into a nest. In general, loading a substrate into a nest includes aligning
the substrate with respect 15 to the nest to properly position the
substrate. In one embodiment, as described above, aligning the substrate
with reference to the nest includes positioning the substrate schematic
that alignment pins on the nest interface with locator holes on the
substrate. When the substrate is properly aligned, the balls in each ball
grid array located on the BGA side 



20 of the substrate are effectively positioned in the nest openings of the
nest. After the substrate is loaded into the nest in step 304, the nest is
loaded onto a vacuum chuck in step 306. Specifically, the nest is
automatically loaded onto the vacuum chuck such that the BGA side of the
substrate is in communication with the vacuum provided by the vacuum 25
chuck. In other words, the nest is positioned to enable the suction from
the vacuum to effectively engage the BGA side of the substrate. As will be
appreciated by those skill in the art, the vacuum chuck may be a part of an
overall dicing saw assembly that is arranged to dice the substrate into
individual chips. 30 When the nest is loaded onto the vacuum chuck, then in
step 308) a dicing process is performed on the substrate. In other words)
the dicing saw, e.g., a diamond wheel, of the dicing saw assembly is used
to cut the substrate to form individual chips. After the dicing process is
completed,   0 3 S E P 2002 13 process flow moves to step 310 in which a
cover is placed over the nest. The cover is arranged to prevent the
individual chips from moving once the nest is removed from the vacuum
chuck. While the configuration of the cover may vary widely, in one
embodiment, the cover is arranged with 5 protrusions which lightly press
against the non-BGA side of the individual chips to hold portions of the
BGA side of the individual chips against the nest. It should be
appreciated, however) that the cover is generally not arranged to hold
scrap material) e.g., extra material which is left at the sides of the
substrate after individual chips are formed. Rather, the cover 10 may be
arranged to allow the scrap material to be washed out of the nest, as will
be described below. The covered nest fixture is removed from the vacuum
chuck in step 312, and moved to a "wash and dry" unit. In one embodiment,
the covered nest fixture is automatically removed from the vacuum chuck,
and moved 15 to the wash and dry unit. A wash and dry unit may be a part of
the over all dicing saw apparatus, and is generally arranged to remove
residue left during the dicing process from the individual chips. The wash
and dry unit is further arranged to dry the chips once they have been
cleaned. In general, a wash and dry unit is arranged to remove dirt,
debris, and dust 20 that has accumulated during the dicing process. In step
314, the diced substrate is washed and dried in the covered nest fixture.
During a process, the BGA side of the chips is effectively either sprayed
with fluid) e.g., water, through the nest openings in the nest, or
submerged in fluid. In addition to washing the chips, the spraying of 25
fluid, as well as the submerging of the nest in fluid, is also effective to
remove the scrap material from the nest. In other words, the scrap material
is allowed to "float" out of the nest during washing, as the scrap is not
held within the covered nest fixture. The wash and dry unit may be arranged
to capture scrap material and residue such that the scrap 30 material and
residue may be readily removed from the wash and dry unit. After the chips
are washed and dried, the covered nest fixture is offloaded from the wash
and dry unit in step 31G. In one embodiment, the covered nest fixture is
automatically offloaded onto a staging block. Once   0 3 SEP 2002 14 the
covered nest fixture is offloaded) then in step 318, the cover is removed,
thereby exposing the diced substrate, or individual chips. Finally, in step
320, the chips are removed from the nest. Typically, the chips are removed
from the nest such that they may be placed in trays for further 5
processing. While substantially any suitable method may be used to remove
the chips, methods include using a pick and place machine to remove the
chips from the nest. In the described embodiment, the pick and place
machine is a part of the overall dicing saw assembly. That is, a single
apparatus may be used to both dice the substrate into individual 10
integrated circuit chips and to remove the diced chips from the nest.
However) it should be appreciated that the pick and place machine may,
alternatively, be separate from the dicing saw assembly. When the chips are
removed from the nest) the process of forming individual chips is
completed. 



15 As shown in Fig. 3, a nest may be rectangularly shaped such that the
nest is arranged to accommodate substantially rectangularly shaped
substrate. In general, however, it should be appreciated that the
configuration of a nest may vary widely. For example, the overall size and
shape of a nest may change, depending upon the size and the shape of the 20
substrates that the nest is intended to support. Further, the size and the
shape of openings in a nest, i.e., nest openings, through which the balls
on a substrate may at least partially protrude, as described above with
respect to Fig. 3, may vary depending upon the number of and orientation of
balls on the substrate or, more specifically, each chips on the substrate.
As such, 25 the grids of the nest support the substrate, which are arranged
to provide minimal contact on the balls as necessary to support the
substrate during a dicing process, may take on different orientations. Fig.
G is a diagrammatic top-view representation of a nest in accordance with a
second embodiment of the present invention. Like nest 30 202 of Figs. 2a
and 2b, a nest 402 includes pilot locator holes 40G) which may be used to
hold nest 402 against a vacuum chuck. Nest 402 also includes alignment pins
410 which, as described above) are arranged to align a substrate with
respect to nest 402. A grid 414 defines nest   0 3 SEP 2002 is openings 418
which, in the described embodiment, are substantially circular in shape.
Circularly shaped nest openings 418 may accommodate ball grid arrays which
have a circular footprint. In other words, each circularly shaped nest
opening 418 may be arranged to accommodate a ball 5 grid array in which the
balls are arranged in a substantially circular pattern. Alternatively, each
circularly shaped nest opening 418 may be arranged to accommodate a ball
grid array with a polygonal, e.g., rectangular, footprint. Fig. 7 is a
diagrammatic top-view representation of a nest in 10 accordance with a thin
d embodiment of the present invention. A nest 432 includes a grid 434 that
effectively defines nest openings 438. As shown, nest openings 438 are
polygonal in shape. Specifically, in the described embodiment, nest opening
438 are hexagonal in shape. Nest openings 438 are arranged such that they
may accommodate 15 ball grid arrays which have a footprint which is of
substantially the same shape as nest openings 438. It should be
appreciated) however, that nest openings 438 may be suitable for
accommodating ball grid array which have a different footprint than that of
nest openings 438. For example, hexagonally shaped nest openings 438 may
accommodate ball grid arrays 20 which are arranged in a substantially
rectangular orientation. Alternatively, hexagonally shaped nest openings
438 may also accommodate ball grid arrays which are shaped in a
substantially triangular orientation Fig. 8 and 9 illustrate in accordance
with a fourth embodiment of the 25 present invention, a combination vacuum
retainer plate/nest mechanism which permits dicing to be performed with the
BGA side o the substrate facing up. With reference to Fig. 8) nest 502
includes a plurality of nest opening 504, which are formed through the
thickness of nest 502. The size of each nest opening 504 is dimensioned to
be slightly smaller than the 30 dimension the cut die to prevent the cut
die from falling through. Each nest opening 504 is surrounded at its
opening by retainer walls 50G, which are disposed on top surface 508 of
nest 502. Retainer walls 50G are arranged such that a cut die can rest on
top surface 508 of nest 502 while   0 3 S E P 2002 16 overlying nest
opening 504, yet have its edges retained within wall 506 to limit the
translational and rotational movement of the individual cut die. Exemplary
retainer walls 50G may be more clearly seen in Fig. 10. A plurality of
locator pins 510 are shown, which may be employed to align the 5 substrate
prior to cutting to nest 502. Nest 502 is configured to mate with a vacuum
retainer plate 520. In the example of Fig. 9, vacuum retainer plate 520
includes a vacuum block platform 520A and a base plate 520B. Vacuum block
platform 520A includes a plurality of raised vacuum pedestal 522. Electron
vacuum 10 pedestal 522 is configured to fit within a nest opening 504 of
nest 502. 



Each vacuum pedestal 522 also includes a pedestal top surface 526 which is
flat to form a vacuum seal with the under surface of the cut die during
cutting. Each vacuum pedestal 522 further includes a vacuum port 528. When
vacuum block platform 520A is mounted on baseplate 520B, vacuum 15 port is
connected to a recessed chamber 530 in baseplate 520B. When a vacuum exists
within recess chamber 530, as for example when vacuum lines are connected
to port 532 in baseplate 520B, each vacuum port 528 of vacuum pedestal 522
provides vacuum to hold down the cut die during the cutting period 20 When
nest 502 having thereon a substrate to be cut is mounted on vacuum retainer
by placing nest 502 on top of vacuum block platform 520A) the vacuum
pedestals 522 protrude through nest openings 504 of nest 502. The height
540 of each vacuum pedestal 522 is dimensioned such that pedestal top
surface 526 protrudes above top surface 508 of nest 502 when 25 nest 502 is
mated atop vacuum block platform 520A. Accordingly, the substrate lifted
off top surface 508 of nest 502 by pedestal top surface 526. Therefore, the
height of retainer walls 50G are typically lower than the height at which
the top surface of the vacuum pedestal protrudes above the top surface of
the nest when the nest is mated on top of the vacuum block 30 platform. For
example, if the top surface of the vacuum pedestal protrudes above the top
surface of the nest by 10 mil to lift the surface off the top surface by 10
mil, the height of the retainer wall may be 5 mil. Therefore, vacuum is
turned on to allow vacuum port 528 to securely hold down the   0 3 S E P
2002 17 substrate by the bottom surfaces of the individual dies. After the
vacuum is turned on, the substrate may be cut. Since the substrate is
physically lifted off top surface 508 of nest 502, there is little risk of
damage to the saw or top surface 508 of nest 502 during cutting.
Furthermore, the 5 height 540 of vacuum pedestal 522 may be adjusted to
increase or decrease the distance from which the substrate is lifted off
top surface 508 of nest 502 as desired. The height of the retainer walls
506 may also be adjusted as desired. Adjacent vacuum pedestals 522 are
separated by a recessed channel 10 550. This recessed channel may be much
wider than the width of the saw, thereby allowing some flexibility and
tolerance in saw blade placement during cutting. In one example, the width
of recessed channel 550 may range from between 6 mil to 12 mil permitting
the saw blade to move from side to side as much as 5 mil without risking
damage to the blade. 15 Although it was not shown in Fig. 8, the step
portion and/or vacuum port may be around the array nest opening to retain
the scrap parts to facilitate their removal during subsequent washing or
rinsing. After cutting, the vacuum is left on and a top cover, which is not
shown in the figures, is placed on top of nest 502 and the cut die. The 20
combination of the top cover, cut die, and nest 502 forms a covered nest
fixture. Since the vacuum is left on, each individual cut die is still held
securely on pedestal top surface 526 of vacuum pedestal 522 at this point.
The top cover preferably has a plurality of contact posts to contact
designated locations on each cut die (e.g., the four corners of the cut
die) to 25 hold the cut die down by the weight of the top cover.
Thereafter, the covered nest fixture is lifted off vacuum retainer plate
520. Since individual cut die are no longer lifted off top surface 508 of
nest 502, they drop down or are forced downward by the weight of the top
cover to rest on top surface 508 and are constrained by retainer walls 50G.
In this manner, 30 the top cover and top surface 508 trap each cut die in
between while retainer walls 560 substantially limit the rotational and
translational movement of the individual cut die. Thereafter, the covered
nest fixture may be transported to a washing/rising/drying machine. Since
each   0 3 S E P 2002 18 individual cut die is constrained by top surface
508 and retainer walls 50G) the individual cut die are aligned for
subsequent processing once the top 



cover is lifted off nest 502. Fig. 11 illustrates, in accordance with the
fourth embodiment of the 5 present invention, a flow chart of the automated
die cutting technique using the nest and vacuum retainer plate arrangement
of Figs. 8 and 9. In step 600, the substrate is aligned to the retainer
nest, BGA side up and side down. In one embodiment, the substrate is
aligned to the nest by the locator pins on the nest (such as locator pin
510 on nest 5D2 of Figs. 8 and 10 9). In step 602) the combination of the
nest and substrate to be cut is positioned on top of the vacuum block
platform to allow the top surface of the vacuum pedestal to lift the
substrate off the top surface of the nest. In step 604, the vacuum is
turned on to securely hold the substrate to the 15 pedestal top surfaces of
the vacuum block platform. In step GOG, the substrate is cut with the BGA
side up. One advantage of this implementation is that the die can be cue
with a plastic or the molded side down, which is more forgiving towards the
end of the cut. In step 608 the top cover is placed on top of the cut dies
and the nest 20 while the vacuum is on. As mentioned earlier, the weight of
the top cover holds the cut dies in place and forces the cut dies downward
when the covered nest fixture is lifted from the vacuum block platform
(step 610). As mentioned earlier, when the covered nest fixture is lifted
from the vacuum block platform, the individual cut dies fall down or are
forced 25 downward by the top cover toward the top surface of the nest to
allow each individual cut die to be trapped between the plate and the top
surface of the nest, with the sides of each cut die constrained by the
retainer walls disposed around the nest opening. Thereafter, the dies may
be further processed while being constrained between the top cover and the
nest and 30 by the retainer walls {e.g., washing, rinsing, drying and the
like). Thereafter, the top cover may be lifted off the allow pick and place
equipment to access the cut dies, which are now disposed on the top surface
of the nest and constrained by the retainer walls) thereby aligned for the
a 3 S E P 2002 19 pick and place operation. Although only a few embodiments
of the present invention have been described, it should be understood that
the present invention may be embodied in many other specific forms without
departing from the spirit or 5 the scope of the present invention. By way
of example, while nest openings have been described as being completely
open, i.e., nest openings allow substantially all balls in ball grid array
be exposed, nest openings may instead be only partially open. A partially
open nest opening may be such that only some of the balls in a ball grid
array are effectively directly 10 exposed to a vacuum, while others are
shielded from direct exposure to the vacuum. The use of partially open nest
openings may be effective in allowing a substrate to be securely held by a
vacuum during dicing. However, wash and dry processes used to remove
residue from diced integrated circuit chips may become more complicated in
that removal of 15 residue from around the ball may be difficult when not
all of the balls are exposed. 



The nest openings in a nest have general been described as being uniform.
That is, all the nest openings in a single nest have been described as
being of substantially the same shape. However, in one 20 embodiment, the
nest openings in a single nest may not all be of substantially the same
shape. For example, some nest openings may be polygonal in shape, while
other nest openings may be circular in shape. A nest with a nest openings
which are of a variety of different shapes may be particularly suitable for
use with a substrate which includes integrated 25 circuit chips that have a
variety of different ball grid array footprints. It should be appreciated
that although nest openings have been described as having polygonal, e.g.,
rectangular, and circular shape, nest openings may generally have any shape
that is suitable for accommodating ball grid arrays without departing from
the spirit or the scope of the 30 present invention. By way of example, in
the event that a ball grid array has an irregular shape, the corresponding
nest opening may also have substantially the same irregular shape. Such
irregular shapes may include) but are not limited to, irregular polygonal
shapes and assorted   0 3 S E P 2002 20 curved shape. As described above)
nest are arranged to hold substrates which are substantially rectangular in
shape. It should be appreciated, however) that nests may generally be
reconfigured to accommodate substrates of 5 virtually any size and shape.
Nest may take on an overall circular shape when the substrates which are to
held using nests are circular in shape. Alternatively, nest may take on a
general polygonal shape when the substrates which are to be held are
effectively polygonal in shape. While nests may include channel, or steps,
which are intended to 10 prevent scrap material generated during dicing
processes from freely "flying" around) nests may not necessarily include
channels. In one embodiment, nests may include clamping mechanism which
hold scrap in place. Alternatively, in another embodiment, scrap material
may not be constrained from moving after the dicing process if it is
determined that 15 substantially loose scrap material is not detrimental to
the overall fabrication process. Further, substrates which are retained in
a nest may include any number of integrated circuit chips without departing
from the spirit or the scope of the present invention. The number of chips
depends both on the 20 size of the chips and the size of the over all
substrate. In one embodiment, a substrate which is approximately 8 inches
by 2.5 inches may include 189 chips, each with a seven by seven ball grid
array, in a twenty-seven by seven overall array. It should be appreciated,
however, that the size of substrates and chips on the substrate may vary
widely. 25 Nest have been described as being formed from aluminum or, more
generally, metal. Typically, however, nest may be formed from any suitable
material. For example, a nest may be formed from plastic. A plastic nest is
likely to be lighter than a metal nest of the same size and shape and, as a
result, may be preferable when the weight of the nest is an 30 issue. The
steps associated with dicing a substrate that is held by a nest may
generally be widely varied. Steps may be altered, added, or removed without
departing from the spirit or the scope of the present invention. By   0 3 S
E P 2002 



21 way of example) a substrate may be loaded into a nest, which is then
placed into a magazine of loaded nests that are placed one at a time onto a
vacuum chuck. In other words, loaded nests may be queued prior to loading
each nest onto a vacuum chuck. Also, in one embodiment) a covered nest 5
fixture may be uncovered prior to removing the covered nest fixture from a
wash and dry unit. While the use of a nest has been desci~.bed with respect
to substantially automatic dicing process, it should be appreciated that
the nest may also be used in semi-automatic dicing processes. For instance,
10 the nest may be used in a dicing process which requires manual loading
the nest onto a vacuum chuck. The nest may also be used in a dicing process
which requires that the nest is manual moved from a vacuum chuck to a wash
and cliy unit. As descizbed in some of the embodiments above) a substrate
is placed 15 in a nest such that the BGA side of the substrate faces into
the nest. In other wor ds, the "non-smooth" side of the substrate is
effectively placed into the nest, and comes into substantially direct
contact with a vacuum duizng a dicing process. In another embodiment, a
substrate may be placed into a nest such that the "smooth," e.g., non-BGA
or die, side faces into the nest. 20 In such cases, the substrate may be
cut from the non-smooth side. The present examples are to be considered as
illustrative and not restrictive, and the invention is not to be limited to
the details given herein, but may be modified within the scope of the
appended claims. Although the present invention has been described and
illustrated in 25 detail, it is clearly understood that the same is by way
of illustration and example only and is not to be taken by way of
limitation) the spirit and scope of the present invention being limited
only by the terms of the appended claims.   a 3 s E P 2ooz 22 WHAT IS
CLAIMED IS: 1. A nest for dicing arranged to support a substrate (102)
during a dicing process, the substrate (102) including a chip (112), the
substrate 5 having a first side and a second side, wherein the second side
of the substrate at least one contact associated with the chip ( 112), the
nest for dicing comprising: a nest main body (202) including a gixd
arrangement (212) which defines at least one opening that is arranged to
receive the at least one 10 contact; and at least one alignment means
(210), the alignment means (210) being arranged to position the substrate
(102) with respect to said nest main body (202)., 



15 2. The nest for dicing as recited in claim 1 further including: at least
one holding mechanism, the holding mechanism being arranged to
substantially secure the nest main body (202) to a dicing apparatus. 20 3.
The nest for dicing as recited in claim 2, wherein the holding mechanism
that is arranged to substantially secure the nest main body (202) to the
dicing apparatus is arranged to substantially secure the nest main body
(202) to a vacuum chuck associated with the dicing apparatus. 25 4. The
nest for dicing as recited in claim 1 wherein the second side of the
substrate (102) includes a ball grid array (110), the contact being a part
of the ball grid array (110), the opening defined by the grid arrangement
(212) being arranged to receive the ball grid array. 30 .Af.AYy.A
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