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INTEGRATED CIRCUIT TRAY WITH FLEXURAL BEARINGS           This invention
relates generally to the manufacture of      semiconductor integrated
circuit chips and more specifically      to a tray used to hold integrated
circuit chips during steps   5  in the manufacturing process.            In
the manufacture of semiconductor integrated circuit      chips ("chips"),
the chips are placed in trays. Each tray      holds many chips and allows
the chips to be transported or      processed by a machine simultaneously.
For example, an 10  automatic test system might have 32 test sites which
enable      it to test 32 chips simultaneously. A tray with 32 bins
aligned with the 32 test sites on the tester is used to hold      the chips
during testing.           The bins of the tray are generally identical and
are 15  configured to hold the specific type of chip being      processed.
For example, a bin might have structures to      align the leads of chip in
the positions that match      contactors of the test system. Posts are also
included in      each bin. The posts align the chip in the bin or could be
20  used to align the bin to the test system.           Trays are molded of
plastic so that they can be of low     cost and light weight. However,
molded plastic parts     generally have poor positional tolerances. The
tolerances     are worse for larger parts. Thus, a tray, which is a 25
relatively large part, is particularly susceptible to poor     positional
tolerances. Poor tolerances are a problem     because the chips are not
held in the tray in the right     positions relative to the work sites that
must contact the     chips. For example, if the tolerances are too large,
chips 30  in one part of the tray might be properly aligned with the
work site, but chips in other parts might not be.          One approach to
avoiding this problem is described in     O'Conner et al., US patent
5,131,535.  That patent describes     a tray in which the bins are
separately made of a plastic 35  type material. However, the bins are
inserted into a metal     frame that has better positional tolerances than
a molded   



plastic part of similar size. That patent describes that      the bins can
move up and down -- normal to the surface of      the tray -- to make
slight adjustments for differences in      heights of the bins relative to
the test Sites. These  5 adjustments help to ensure that all of the chips
to be      tested at once actually make contact with the test sites.
This tray design corrects only for inaccuracies in a     direction normal
to the surface of the tray (the z-     direction). It relies on a costly
metal frame to provide 10  the positional accuracy across the surface of
the tray.          An alternative tray design has both a frame and the
bins made of plastic. The plastic frame establishes a grid,     with one
grid cell for each bin. The grid cells are larger     than the bins such
that the bins can slide around within the 15  cell. This motion corrects
for poor positional tolerance in     directions parallel to the surface of
the tray (the X-Y     directions).         Each of these approaches
compensates for positioning     inaccuracies in only limited directions.
The former only in 20  the Z direction, the latter only in the X-Y
directions.  It     would be desirable to provide a tray that provides
compliance of the bins with a full six degrees of freedom.          Each of
these approaches also requires that the trays     be assembled from
numerous parts, as each bin is separate. 25  Complex assemblies are
undesirable because of the cost.  It     would be desirable to reduce the
number of components.          We have noted several disadvantages with
trays that     have bins sliding within a plastic frame. Mold flashing
from semiconductor components sometimes falls off the chips 30  and clogs
the slides.  Also, in molding the plastic frame,     mold flashing
sometimes is left in tracks on which the bins     slide. The mold flashing
causes friction between the bins     and the tracks. The friction causes
the parts to wear out     or can prevent the bins from sliding in the frame
as 35  desired.- If the bins to not slide properly, the chips will     not
be properly aligned as they are processed. This might  



-2-               cause the chips to jam in the processing equipment. Jams
are highly undesirable because they can require the      manufacturing
operation to stop, which involves significant      costs.  5        Another
disadvantage of using a tray with sliding bins      is that the friction
between the bins and the frame changes      if the tray warps or flexes.
This can change the response      characteristics of the bins or, in
extreme cases, contribute      to jamming. 10       A further problem with
the use of trays that have bins      that slide in the X-Y plane is that
they are only well      suited for use with equipment that processes the
chips with      the tray horizontal. Some equipment processes the chips
with the tray held vertically.  If a tray with sliding bins 15 is held
vertically, all of the bins will slide to the bottom      of their range.
On average the bins will then have to be      forced to make a much larger
adjustment than if they had      started out in the center of the cell. The
greater the      adjustment that is needed to align the chips with the work
20  sites, the more likely it is that there will be wear or     jamming.
As will be described in more detail below, we have     solved these
problems with an improved tray using flexural     bearings.  Flexural
bearings have been used in other 25  applications such as optical alignment
systems and coupling     elements in drive systems. However, flexural
bearings are     generally two degree-of-freedom systems. In some rare
instances, f lexural  bearings are used to provide five     degrees of
freedom if they are shaped like coiled springs or 30 bellows to form shaft
couplings. These designs are     discussed in the reference text Precision
Machine Design,     Prentice Hall, Englewood Cliffs, NJ 1992, ISBN
0-13-719972-4 



by Alexander E. Slocum, which is hereby incorporated by     reference'. 35
-3-                                SUMMARY OF THE INVENTION          With
the foregoing background in mind, it is an object     of the invention to
provide a low cost chip tray.          It is also an object to provide a
chip tray that has  5  compliance in up to six degrees of freedom
independently for     each chip in the tray.          It is a further
object to provide a chip tray that has     self centering chip support
platforms.          The foregoing and other objects are achieved in a chip
10  tray that has bins coupled to a frame through a series of     flexural
bearings. In a preferred embodiment, the frame,     bins and flexural
bearings are integrally molded of plastic.                



-4-                            BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be better understood by reference to     the following
more detailed description and accompanying     drawings in which  5
FIG. 1 is a drawing of a chip tray according to the
invention;          FIG. 2 is an expanded view of one of the bins in the
chip tray of FIG. 1;          FIG. 3 is a view of an alternative embodiment
of the 10            bin of FIG. 2; and 



FIG. 4 is a view of a second alternative embodiment of               the
bin of FIG. 2.                         DESCRIPTION OF THE PREFERTED
EMBODIMENT          FIG. 1 shows a chip tray 1 capable of holding 32 chips.
It has eight rows of four bins, labeled 2a...2d, 3a. ... 3d,     4a...4d,
5a ....5d, 6a...6d, 7a...7d, 8a...8d and 9a...9d.  5 The bins are attached
to portions of the tray, which forms a     grid 10 between the bins.
Tray 1 is, in a preferred embodiment, molded of     plastic. A low static
plastic of the type normally used in     semiconductor holding devices is
preferred. Preferably, the 10  entire tray and all of the bins are
integrally molded in one     operation.  The number and configuration of
the bins is not     important to the invention and will be dictated by the
semiconductor processing operation. Also, tray 1 will have     structures
that allow it to be held and manipulated during 15  the semiconductor
processing operation.  Such structures     will be as in the prior art and
are not expressly shown in     the drawings.          Each of the bins
2a...2d, 3a... 3d, 4a...4d, 5a....5d,     6a...6d, 7a...7d, 8a...8d and
9a...9d is, in the preferred 20  embodiment, identical.  FIG. 2a shows bin
2a in greater     detail. Bin 2a holds a chip (not shown) on platform 60.
The specific shape and features of platform 60 are dictated     by the type
of chip to be held in tray 1 (FIG. 1).          In the illustrated
embodiment, platform 60 includes 25  slots 50b separated by guides 50a.
Slots 50b receive leads     of the chip.          Central hole 90 allows
back side access to the chip     (not shown) on platform 60. This access
can be used for     such things as blowing temperature controlled air onto
the 30  chip (not shown) during testing or processing.          Posts 80,
81 and 82 can be used to align the chip (not     shown) on platform 60.
Such posts are useful when the chip     has a carrier-type lead frame.
Posts 80, 81 and 82 pass 



through holes in the lead frame to position the chip. 35       Posts 80, 81
and 82 are also used to position platform     60 relative to test sites on
automatic test equipment or                                     -6-
work sites on other semiconductor processing equipment to      which the
chips (not shown) in tray 1 (FIG. 1) will be      presented. For example,
they will be used to guide the chip      (not shown) on platform 60 into a
task site of a contactor  5  of a handler.           Platform 60, including
slots 50b, posts 80, 81 and 82      and central hole 90 are as in the prior
art. Platform 60      differs from the prior art in the way that it is
attached to      tray 1 (FIG. 1). Specifically, platform 60 is attached to
10  frame 10 of tray 1 through a flexural bearing system that.     allows
up to six degrees of freedom. Each of the bins     2a...2d, 3a...3d,
4a...4d, 5a....5d, 6a...6d, 7a...7d,     8a ... 8d and 9a....9d includes a
platform 60 coupled through a     like bearing system. These flexural
bearing systems allow 15  the platforms in each of the bins to move
independently with     up to six degrees of freedom. Therefore, when the
tray is     presented to numerous work sites, all of the chips (not
shown) in the tray will be properly aligned with their     respective work
sites regardless of inaccuracies in the 20  manufacture of tray 1 or the
positioning of the work sites.          In the preferred embodiment, the
flexural bearing     system for bin 2a includes four beams 21, 22, 23 and
24.     Each of the beams includes at each end a flexural bearing     that
can flex with at least two degrees of freedom, in order 25  to obtain a
full six degrees of freedom for the motion of     platform 60. The beams
are in pairs, with one end of each     beam in each pair being connected
through the flexural     bearings at a right angle. Specifically, beams 21
and 22 



form one pair and beams 23 and 24 forming a second pair.  In 30  each pair,
the other end of one beam is connected to the     frame 10 and the
remaining end of the other beam is     connected to platform 60. In FIG.
2A, beams 21 and 23 are     connected to frame 10. Beams 22 and 24 are
connected to     platform 60. 35       The flexural bearings used in the
embodiment of FIG. 2A     are made of two hinges at right angles, 31a and
41A; 31b and                                    -7-              41b; 32a
and 42A; 32b and 42b; 33a and 43A; 33b and 43b; 34a     and 44A; 34b and
44b. In the embodiment of FIG. 2, each     hinge is formed by forming
symmetric indentations into     opposing sides of the beam. The resulting
hinges are shaped  5  as "hour glasses".  Because the hinges in each
flexural     bearing are at right angles, the resulting bearing has a
"crossed hour glass" shape.          The flexural bearing system
illustrated in FIG. 2a is     made of relatively simple elements. It
consists of beams 10  with a few indentations to allow flexibility.
However, the     resulting flexural bearing assembly system is quite
complex.     Each flexural bearing is essentially a Hooke's joint.  The
four beams and flexural bearings work together to allow     platform 60 to
move with six degrees of freedom.  It can 15  "float" relative to frame 10.
Thus, each chip in each bin     can be aligned with its respective work
site by positioning     posts 80, 81 and 82.          The beam 21, 22, 23
and 24 run, to the greatest extent     possible, along the length of each
side of platform 60. It 20  is preferable that the beams be made as long as
possible to     minimize their stiffness and increase the ease with which
platform 60 "floats.,"          The six degrees of freedom can be seen by
defining a 



Cartesian coordinate system with the X direction parallel 25  with beams 22
and 24 and the Y direction parallel with beams     21 and 23. The Z`
direction is then normal to the surface of     platform 60.          Hinges
31a, 31b, 32a, 32b, 33a, 33b, 34a and 34b can be     flexed in the same or
opposing directions to allow any 30  combination of translation or rotation
within the X-Y plane.     For example, during translational motion in the X
direction,     hinges 31a and 33a will flex in the same direction. During
rotation in the X-Y plane, they will flex in opposing     directions. 35
Hinges 41a, 41b, 42b, 43a, 43b, 44a and 44b can be     flexed to allow
translation in the Z direction or rotation
-8-                about either the X or Y axes. For example, hinges 42a
and     44a will flex in the opposite direction for translation in     the
Z direction. They will flex in the same direction for     rotation around
the Y axis. Likewise, hinges 41a and 43a  5  will flex in the opposite
direction during translation in     the Z direction, but will flex in the
same direction for     rotation around the X axis.          Beam 21 works
in parallel with beam 23 to form     essentially a four bar linkage,
because beam 23 has 10  orthogonal hourglass hinges 33b and 43b on one end,
and 33a     and 43a on the other end. Together beams 21 and 23 allow
for motion in the X direction. Note that beams 21 and 23     are
cantilevered beams, and in order to minimize their     stiffness (which is
desirable), their ends must be un-guided 15 and not axially restrained, so
they are coupled to the     platform 60 through flexural beams 22 and 24,
respectively.     The end of beam 21 is attached to the end of beam 22,
where 



that end of flexural beam 22 has orthogonal hourglass hinges     32a and
42a. The other end of beam 22 is attached to the 20  platform 60 by
orthogonal hourglass hinges 32b and 42b.     Just as beam 22 connects beam
21 to the platform 60 without     restraining the desired motion of the tip
of beam 21 so as     to minimize stiffness (which is desired for flexural
bearing     motion), beam 21 does the same for beam 22. The collection 25
of hourglass hinges 31b, 41b, 32a, and 42a all act to     prevent transfer
of moments between the tips of beams 21 and     22 which minimizes
stiffness of the flexure and maximizes     the range of motion. Similarly,
beam 24 in supported at its     ends by orthogonal flexural hinges 34b,
44b, 34a, and 44a. 30 And similarly, beam 22 and 24 work together as a
four-bar     linkage to provide for motion in the Y direction. And beams
24 and 23 guide each others' tips without restraining them     in the
desired motion directions, and provide connection     between the platform
60 and the frame 10. 35       To achieve motion in the Z direction without
causing     undo undesirable pitch or yaw resistance, beams 21 and 22
-9-              work as a flexible orthogonal pair where one beam's
flexing     accommodates the change in projected length and slope of the
other beam to allow for virtually unrestrained vertical     motion.
Similarly, beams 24 and 23 work together. Again,  5  the orthogonal
hourglass flexural bearing hinges provide     flexibility in two directions
for each end of the connecting     beams.           To allow for rotational
degrees-of-freedom, once again     the beams  will act as orthogonal pairs
where one beam guides 10  the end of the other without restraining it.  For
example,     right-hand-rule rotation about the Z axis, the tip of beam
23 must deflect in the negative X direction.  Hourglasses     33b and 34a
guide the X direction motion of the end of beam 



23 to transfer it to the platform 60, but they do so without 15
restraining the slope at the end of beam 23, so as to     minimize the
force required to bend the beam 23. Similarly,     beam 21 bends in the
positive X direction and its tip motion     is transferred to the structure
60 by beam 22. The result     is compliance in rotation about the Z axis.
The use of the 20  Pairs of beams with flexural coupled connections
minimizing     moments between the ends of the beams increases flexibility
and range of notion.          For angular compliance about the Y axis, the
ends of     beams 23 and 24 move in the positive Z direction, and the 25
beams, ends' slopes and small Y and X direction deflection     components
are unrestrained because of the flexibility of     the connection to-and
provided by-each beam to each other.     Similarly, beams 22 and 21 ends
deflect in the negative Z     direction where their interconnected ends are
unrestrained 30  by the orthogonal flexibility of the beams.          For
angular compliance about the Y axis, beam 24's     hourglass flexures 34b
and 44b move in the positive Z     direction, and the hourglass flexures
44a, 34a, flex and     move in the negative Z direction.  In addition, some
35  flexibility is also gained, as is the case for rotation     about the X
axis, by deflection of the orthogonal connected
- 10 -               beam 23. Also, beams 22 and 21 function together as a
system in a similar manner, moving in the negative Z      direction.
Beams 21, 22, 23 and 24 hold platform 60 at a nominal  5  position centered
within the frame 10. Platform 60 will be     held in this position
regardless of the orientation of tray     1. This ability makes tray 1 well
suited for use with     handlers that hold the chips in a vertical position
for 



testing. 10       Also, it should be noted that platform 60 "floats"
without sliding on frame 10. It therefore does not jam if     there is mold
flashing on frame 10. A tray according to the     invention is likewise
immune to dirt buildup on the frame.     As a further advantage, it should
be noted that warping or 15  flexing of tray 1 does not change the response
characteristics of tray 60. The resulting tray is therefore     extremely
robust.          Having described one embodiment, numerous alternative
embodiments or variations might be made. For example, it 20  was described
that tray 1 is molded of plastic.  The tray     might be made of other
materials.  It also be made in other     ways, such as by stamping from a
sheet or milling.          Though integral molding is desirable because it
provides a lost cost method of manufacture, it is not 25  necessary.  The
bins, including the flexures, might be made     individually and then
organized in a frame which might be     made of metal or plastic.
FIG. 3 shows a an alternative construction for some of     the flexural
bearings,  Hinges 34a and 33b might be replaced 30  by a single thin curved
beam 122c. Hinges 31b and 32a might     also be similarly replaced with a
single thin curved beam     121c. Beams 121c and 122c provide the same
relative     flexural motion for beams 21, 22, 23 and 24.          FIG. 4
shows a still further alternative embodiment. 35  FIG. 4 shows that beams
121, 122, 123 and 124 are used in     place of beams 21, 22, 23 and 24.
Beams 121, 122, 123 and               124 tapered hourglass shaped sections
with waists 140a,      140b, 140c and 140d, respectively. Beams 121 and 122
are      connected by flexure 131.  Beams 123 and 124 are connected      by
flexure 132. Beams 121, 122, 123 and 124 taper into  5 waists 140a, 140b,
140c and 140d, respectively, in two     dimensions.  Thus, they can flex in
the same directions as     pairs of hinges shown in FIG. 2. The long
tapered sections, 



however, create a more uniform stress.          Thin, constant
cross-sectioned beams might also be 10  used. Thin beams might, in some
circumstances, provide the     required flexural compliance. However, such
beams would     provide a limited range of motion.          Moreover, it is
not necessary that the beams run along     the length of platform 60,
though longer beams generally 15  provide a greater range of motion and
having the beams run     parallel with the edges of platform 60 makes a
more compact     structure. However platform 60 might be attached to frame
10 at multiple points through a structure that more     resembles a coil
spring. Such a coiled spring type 20  structure might be created with beams
that are zigzagged     with flexural bearings at their joints.          It
should be appreciated that other types of flexures     might be used. For
example, elastic diaphragms, twisted     flat bar links, rolling bellows
and other membrane and 25  spring-type structures could be used to provide
up to six     degrees of freedom to platform 60. Any of these systems
could be optimized to minimize stiffness and stress by one     skilled in
the art of stress deflection analysis.          As an example of another
modification, it should be 30  noted that some prior art trays provide
compliance to the     chip bins with only two degrees of freedom. If
desired,     half of the hinges might be eliminated. For example, hinges
41a, 41b, 42a, 42b, 43a, 43b, 44a and 44b might be     eliminated if
compliance only in the X-Y plane is required. 35       Also, it should be
noted that the flexural bearing     system of the invention includes pairs
of beams 21, 22 and                                   - 12 -
23, 24. The beams in each pair are coupled at right angles    to reduce
stiffness are increase range of motion.  Some 



benefits of the invention could be achieved if beams 21 and    23 were
coupled to platform 60 by means of a flexrural 5  bearing.
Therefore, the invention should be limited only by the    spirit and scope
of the appended claims.                                        



- 13 -                          What is claimed is       1.    A tray (1)
for holding semiconductor chips including a frame (10) and a  2
plurality of bins (2a, 2b, 2c, 2d, 3a, 3b, 3c, 3d, 4a, 4b, 4c, 4d, 5a, 5b,
5c, 5d,  3           6a, 6b, 6c, 6d, 7a, 7b, 7c, 7d, 8a, 8c, 8c, 8d, 9a,
9b, 9c, 9d), each bin including  4           a platforrm (60),
characterized in that:  S           each platform is coupled to the frame
by a respective set of beams,  6           wherein each respective set of
beams is organized in pairs, each pair of bearns  7                   being
joined at right angles at one end and one of the pair of beams  8
being joined to the frame at one end and the other of the pair of beams  9
being joined to the platform at one end, and  10           wherein each
beam includes means for providing flrxural motion, 11       thereby
allowing each platform to move with respect to the frame with multiple 12
degrees of freedom.   1   2.    The tray as recited in claim 1, 2
wherein the means for providing flexual motion comprises a plurality of 3
crossed hourglass shaped hinges (31a, 41a, 31b, 41b, 32a, 42a, 32b, 4
42b. 33a, 43a, 33b, 43b, 34a, 44a, 34b, 44b), and 5           wherein one
of the crossed hourglass shaped hinges is at each of the ends of the 6
beams.  



1   3.    The tray as recited in claim 2, 2           wherein each crossed
hourglass shaped hinge comprises a pair of hinges, with 3
the hinges in each pair allowing flexure in orthogonal directions.
4.    The tray as recited in clain 3, 2           wherein each hinge in
each pair comprises recesses in opposite sides of the 3
beam.   1   5.    The tray as recited in claim 1,
AMENDED SHEET                                                 - 14 -
2           wherein the means for providing flexural motion comprises a
plurality of hinges                      (31a, 41a, 41b, 42a, 32b, 42b,
33a, 43a, 43b, 44a, 34b, 44b) and a  4                   plurality of
curved beams (122c), and  5           wherein first pairs of hinges are at
each of the ends of the beams coupled to the  6                  platforms
and the frame, with the hinges in each first pair allowing  7
Flexure in orthogonal directions, and  8           wherein second pairs of
hinges and respective curved beams are at the ends of  9
the beams joined at right angles, with each respective curved beam  10
being between the hinges in each second pair for allowing flexure in 11
orthogonal directions.   1   6       The tray as recited in claim 1, 



2           wherein the means for providing flexural motion comprises a
plurality of 3                   tapered hourglass shaped sections (121,
122, 123, 124) with respective 4                   waists (140a, 140b,
140c, 140d).   1   7.    The tray as recited in claim 1, 2
wherein the plurality of bins comprises at least 32 bins.        8.    The
tray as recited in claim 1, 2         wherein each platform is joined to
the frame by two of the plurality of sets of 3                   beams.  1
9.    The tray as recited in claim 1, 2           wherein the frame, the
platforms, and the respective sets of beams are integrally 3
molded.   1                         I limit little H
15 -    P    


