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SYSTEM AND METHOD FOR DETERMINING
THE CENTER OF A WAFER ON A WAFER TABLE

ZIECHNICAL FIELD OF THE INVENTION

'This invention relates to semiconductor circuit
manufacturing and more particularly to a system and method
for determining a center of a wafer on a wafer table.

aife,



Al ROU . VENTTION

Semiconductor manufacturing includes the process of
moving semiconductor substrate dies from a wafer table to
a lead frame after they have been cut from a silicon wafer
of substrate material. A silicon wafer is first placed on
an adhesive surface and is cut into rectangular dies.
After cutting,-the adhesive surface is placed on a wafer
table of a die bonder appératus. The die bonder deposits"
an adhesive on the lead frame, removes a cut die from the
.adhesive surféce, and places it on the lead frame. The
‘silicon wafer from which the dies are cut is round, such
that there will be some dies that are not fully
rectaﬁgular. These non-rectangular dies will be left on
the adhesive surface and discarded. |

If the process of removing dies from a silicon wafer
is automated, the position of the silicon wafer and dies
must be knpwn or estimated, ih order to allow a robot arm |
to manipulate the wafer and dies. Nevertheless, the
position of the silicon wafer may randomly change with
respect to the known coordinates of the adhesive surface
during the die cutting'operation. When such random changes
occur, no die may be present at some locations in which a
die is expected. This condition may result in unnecessary
wafer table movements.

To .prevent this condition from occurring, known
methods of automating the removal of cut dies of a silicon
wafer from the adhesive surface typically include

conservative assumptions about the location of the wafer on

the adhesive surface. These assumptions may result in a



loss of usable cut dies, or the performance of additional
wafer table movements that increase the amount of time
needed to remove the cut dies.



SUMMARY OF THE INVENTION

Therefore, it is a general object of the present
invention to provide a system and method for finding the
center of a silicon wafer on a wafer table that
substantially eliminates or reduces the problems associated
with removing cut dies from a wafer table that result from
uncertainty of the wafer’s location.

In particular, a system and method for finding the
center of a silicon wafer on ‘a wafer table is described
that may be used to precisely locate the wafer, to prevent
unnecessary wafer table movements during the die removal
"process, and to minimize or prevent waste of usable cut
dies. _

According to one embodiment of the present invention,
a method for determining the center of a silicon wafer on
a wafer table is provided. The method includes receiving
silicon wafer data from a sensor. The silicon wafér data
is received at a wafer center computing system. The
coordinates ‘of the wafer center (Xw,Yw) in a wafer table
Cartesian coordinate system are computed. The location of
the silicon wafer edge.is then determined from the wafer
center coordinates (Xw,Yw) and the known silicon wafer
diameter.

One important technical advantage of the present
invention is that the center of a silicon wafer on a wafer
table may be precisely located. The position of the
silicon wafer edge on the wafer table can then also be



precisely located with respect to the center of the silicon
wafer. - _

Another important technical advantage of the present
invention is that die removal methods may be implemented

that minimize the number of usable cut dies that may be
lost during the die removal process.



N E S

For a more complete understanding of the present
invention and advantages thereof, reference is now made to
the following description taken in conjunction with the
accompanying 'drawings, in which 1like reference numbers
indicate like features and wherein:

FIGURE 1 is a diagram of a system for finding the
center of a silicon wafer on a wafer table according to one
embodiment of the present invention:;

FIGURE 2 is a diagram showing the position of the
silicon wafer on the wafer table;

FIGURE 3 is a diagram showing the sequence in which
cut dies are removed from the wafer table in accordance
with the teachings of the present invention; and

. FIGURE 4 is a flow chart of a method for locating the

center of a silicon wafer and for removing dies cut from
the silicon wafer.



DE DESC TION OF THE INVEN N

Preferred embodiments of the present invention are
illustrated in the FIGURES, like numerals being used to
refer to 1like and corresponding parts of the various
drawings. '

FIGURE 1 is a diagram of a system 10 for finding the
center of a silicon wafer on a wafer table according to one
embodiment of the present invention. System 10 may be an
Abacus IIID-SETTLEMENT AGREEMENT Die Bonder of- Texas
Instruments Incorporated. System 10 includes a data
processing system 12, a wafer table system 14, and a robot
assembly 16. Data processing system 12 is coupled to wafer
table system 14 and robot assembly 16 and provides silicon
wafer data to robot assembly 16 to remove dies cut from a
silicon wafer 54 on wafer table 50;

Data processing system 12 includes a central
processing system 20, which is coupled to a video camera
22, a display 24, a data storage system 26, wafer table
system 14, and robot assembly 16. In order to interface
with ‘the peripheral components described, central
processing system 20 uses, respectively, a video interface
system 30, a display interface system 32, a data storage
interface system 34, a wafer table interface system 28, and
a robot assembly interface system 36. Central processing
system 20 also comprises wafer center computing system 38.

Wafer center computing system 38 comprises suitable
hardware, operating system software, and software
applications that operate on central processing system 20.
Wafer center computing system 38 is coupled to wafer table



interface system 28, video interface system 30, display
interface system.32, data storage interface system 34, and
robot assembly interface system 36. Wafer center computing
system 38 receives analog or digital data from video camera
22 .and data storage system 26 through video interface
system 30 and data storage interface system 34,
respectively. Wafer center computing system 38 processes
the digital and analog data received from video camera 22
and data storage system 26, and transmits data comprising
the coordinates of the center of silicon wafer 54 to a
wafer table 50 of wafer table system 14.

Video camera 22 comprises a charge coupled device
(CCD) such as a solid state camera which converts a visual
image into analog or digital data. Video camera 22 may
alternately comprise many suitable silicon wafer data
sensors that can generate data that defines the loéation of
silicon wafer 54 on wafer table 50. Video camera 22 is
focused on wafer table 50 and generates analog or digital
data that may be used by display interface system' 32 to
- generate an image of silicon wafer 54 on wafer table 50.
' Video camera 22 is coupled to video interface system 30.

Display 24 is a visual interface that is used to
present visual images for viewing by a user. Display 24
may comprise a monitor using a cathode ray tube, a liquid
crystal diode, or other suitable visual interface devices.
Display 24 is coupled to 'display. interface system 32
operating on central processing system 20, which supplies
image data to display 24 from other systems'. Display 24
can present textual and graphical images to a user, such as



a warning message or an image generated from data received
from video camera 22.

Data storage.system 26 comprises a data memory device
such as a random access memory (RAM), a magnetic media hard
drive, a magnetic tape drive, or other suitable data memory
devices. Data storage system 26 is coupled to data storage
interface system 34 and can store and retrieve digitally-
encoded data in response to operating system commands.

Wafer table interface system 28 comprises suitable
hardware, operating system software, and software
apblications that operate oﬁ central processing system 20.
Wafer table interface system 28 is coupled to wafer center
computing system 38 and wafer table 50. Wafer table
interface system 28 transmits data to wafer tabie 50 that
defines the location of the center of silicon wafer 54 in
a Cartesian coordinate system of wafer table 50.

Video interface system 30 comprises suitable hardware,

operating system software, and software applications that

operate on central processing system 20. Video interface
system 30 is coupled to wafer center computing system 38
and video camera 22. Video interface system 30 receives
data from video camera 22 and transmits the data to wafer
center computing system 38. Video interface syétem 30 may"
include image recognition programs that process the data
from video camera 22 and identify dies-cut from silicon
wafer 54, predetermined edge points of silicon wafer 54, or
other images.

Display interface system 32 comprises suitable
hardware, operating system softwaré, and software
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applications that operate on central processing system 20.
Display interface system 32 is ééupled to wafer center
computing system 38 and display 24. Display interface
system 32 receives data from wafer center computing system
38 and other systems and transmits the data to display 24.

Data storage interface system 34 comprises suitable
hardware, operating system software, and software
applications that operate on central processing system 20.
Data storage interface system 34 is coupled to data storage
system 26 and wafer center computing system 38. Data
storage interface system 34 transfers data between wafer
center computing system ™ 38 and other systems and
components, and stores the data on data storage system 26.

Robot assembly 16 includes robot arm 40 and robot
controller 42. Robot asseﬁbly 16 may be, for example, a
robot assembly of an Abacus IIID-SETTLEMENT AGREEMENT Die
Bonder of Texas Instruments Incorporated. Robot arm 40 is
a controllable electromechanical device that may be moved
in three dimensions, and which has a controllable suction
device 44. Robot controller 42 is coupled to robot arm 40
and robot assembly interface system 36.

Robot controller 42 is a programmable controller that
controls the movement of robot arm 40 such that suction
device 44 may be placed at a die removal position. This
die removal position is a fixed position. Robot controller
42 may cause the die to be held by suction device 44 while
robot arm 40 moves the die to an appropriate location, such.
as a lead frame (not explicitly shoﬁn). Robot controller
42 typically causes suction device 44 to be placed at the
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same location relative to wafer table 50, such that the
placement of dies for removal by suction device 44 is
accomplished by moving wafer table 50 in tﬁe “X” and “Yy”
directions shown in FIGURE 1. | |

Wafer table éystem 14 may be a wafer table system of
an Abacus IIID-SETTLEMENT AGREEMENT Die Bonder of Texas
Instruments Incorporated. Wafer table system 14 includes
wafer table 50, adhesive surface 52, and silicon wafer 54.
Wafer table 50 comprises a programmable controller that
receives the wafer center coordinates from wafer center
computing system 38 and that calculates the continuous
wafer edge coordinates from the wafer center coordinates.
Wafer table 50 also comprises suitable motive elements and
is operable to move in an “X” direction and a wyw
direction, as shown in FIGURE 1, in response to control
'signals received from wa_fer' table interface system 28.
Wafer table 50 moves relative to the fixed die removal
position, such that the die removal position may be
controllably located at any coordinate location of wafer
- table 50. Adhesive surface 52 comprises an adhesive
material that is used to hold silicon wafer 54. As
previously noted, silicon wafer 54 moves relative to
adhesive surface 52 during cutting operations.

In operation', wafer center computing system 38
. receives digital or analog data from video camera 22
through video interface system 30. Wafer center computing
system 38 processes the data generated by video camera 22
to determine the coordinates of predetermined points along
the edge of silicon wafer 54 within a Cartesian coordinate
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system of wafer table 50, such as by processing the data
with an image recognition program. Wafer center computing
system 38 then uses these coordinates to compute the
coordinates of the center of silicon wafer 54 within the
Cartesian coordinate system of wafer table 50.

Wafer éenter computing system 38 then transmits the
center coordinates of silicon wafer 54 to wafer table
system 14. The programmable controller of wafer table 50
uses the center coordinates of silicon wafer 54 to
precisely control the position the individual dies of
~silicon wafer 54 relative to the typically fixed die
retrieval position of suction device 44 of robot arm 40.
Wafer table 50 is further operable to prevent the placement
of the die removal position beyond the continuous edge.
coordinates of silicon wafer 54 that are calculated from
the wafer center coordinates.

‘'One of ordinary skill in the art will recognize that
wafer center computing system 38 may comprise other
components and features without departing from the spirit
and scope of the present invention. For example, wafer-
center computing system 38 may use a sensor other than
video camera 22 to determine the coordinates corresponding'
to predetermined points aldng the edge of silicon wafer 54.

FIGURE 2 is a diagram 60 showing an exemplary position
of silicon wafer 54 on adhesive surface 52 of wafer table

50. Wafer center 62 (Xw,Yw): is ioc_ated at a different

position than wafer table cehte; 64 (0,0). The analog or

digital data generated by video camera 22 is transmitted to
wafer center computing system 38 of FIGURE 1, which
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processes the data to determine the coordinates of
predetermined edge points within a Cartesian coordinate
system 72 of wafer table 50 of FIGURE 1. These
predetermined edge points comprise a right edge point
coordinate 66 (X2,Y2) and a left edge point coordinate 68
(X1,Y1).

Right edge point coordinate 66 and left edge point
coordinate 68 are used to determine the coordinates of a
midpoint 70 (Xm,Ym). The coordinates of midpoint 70 may
then be used with the known value of the radius of silicon
wafer 54 stored on data storage system 26 to compute the
coordinates of wafer center 62 in Cartesian coordinate
system 72. _

For example, the coordinates of wafer center 62 in
Cartesian coordinate system 72 of wafer table 50 may be
computed from right edge point coordinate 66, left edge
point coordinate 68, and wafer table center 64 by the
following equations:

R = radius of silicon wafer 54
Xm = (X1+X2)/2
Ym = (Y1+Y2)/2 .
D = SQRT( (X1-¥Xm) * (X1-Xm)+({Y1l-Ym)*(Y1-Ym))
C = SQRT ((R*R)-(D*D))
Xw = Xm
Yw =Y¥m + C if ¥Ym is negative
=Y¥Ym - C if Ym is positive
Thus, _using the equations shown above, it is possible to

compute the coordinates of wafer center 62 in Cartesian
coordinate system 72.
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One of ordinary skill in the art will recognize that
various changes, substitutions, and alterations can be made
to diagram 60 and the method used to determine wafer center
62 without departing from the teachihgs of the present
invention. For example, other predetermined points than.
right edge point coordinate 66 and left edge point
coordinate 68 may be used to compute the coordinates of
wafer center 62. Furthermore, other méthematical
operations may be used to compute the coordinates of wafer
center 62 than those described above.

FIGURE 3 is a diagram 80 showing the sequence in which
cut dies are removed from wafer table 50 of FIGURE 1 in
accordance with teachings of the present invention. As
‘shown in FIGURE 3, silicon wafer 54 is divided and cut into
rectangular dies. Suction device 44 of robot arm 40 of
FIGURE 1 is used to remove the dies one at a time from
adhesive Surfaée 52 of wafer table 50, starting with first
pick die 82 and ending with last pick die 84 of FIGURE 3.

The point at which suction device 44 removes the dies is
- the die retrieval position. Wafer table 50 moves silicon
wafer 54 such that each die is moved to the die retrieval
position. Any non-rectangular dies are left on adhesive
surface 52, in addition to any rectangular dies that are
not removed by suction device 44 of robot arm 40 because of
positioning errors.

After the coordinates of wafer center 62 have been
transmitted to wafer table 50 of wafer table system 14,
wafer table 50 computes the edge coordinates of silicon
wafer 54 within Cartesian coordinate system 72. Wafer
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table 50 then moves silicon wafer 54 in the negative “X”
direction shown in FIGURE 2 such that die removal may
proceed in the direction shown by the arrows in FIGURE 3.
If movement of wafer table 50 would cause suction device 44
and the die retrieval position to be placed outside of the
computed edge coordinates of silicon wafer 54, then wafer
table 50 changes the direction of movement in the negative

“Y” direction shown in FIGURE 2. Thus, die removal

continues in the next row adjacent to the row of first pick
die 82, as shown by the arrow in FIGURE 3. Die removal
proceeds in this manner until last pick die 84 has been
removed. |

Alternately, wafer table 50 or robot controller 42 may
have stored in memory a map of a silicon wafer from which
dies have been cut, sﬁch that the predetermined coordinates
of each die that has been cut may be determined by shifting
the coordinates of each die in the memory map. .Likewise,
the predetermined coordinates of a first pick die may be
used to locate each other die, based upon a predetermined
relationship between each other die and the first pick die.

The present invention overcomes problems associated
with known ways of controlling die removal from wafer table

50 that do not provide wafer table 50 with the coordinates

of wafer center 62. These known ways of controlling die

removal use an assumed position of wafer center 54, and may
result in discarding usable rectangular dies from silicon
wafer 54, '

FIGURE 4 is an exemplary flow chart 90 of a method for
determining the coordinates of wafer center 62, such as
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would be implemented by wafer center computing system 38 of
FIGURE 1, and for controlling the movement of wafer table
50. The method of flow chart 90 begins at step 92, where
sensor data generated by video camera 22 is transmitted to
wafer center computing system 38. This sensor data is
subsequently used to determine the coordinates of _
predetermined points within Cartesian coordinate system 72 _
of wafer table 50. For example, wafer center computing
system 38 may.contain processor operating commands that
include a pattern recognition program. This pattern
recognition program receives the analog and digital data
generated by video camera 22 and generates an image-of
silicon wafer 54 that is imposed on the known Cartesian
‘coordinate system 72 of wafer table 50. |

At step 94, the coordinates of right edge point .
coordinate 66 and left edge point coordinate 68 of silicon
wafer 54 in Cartesian coordinate system 72 of FIGURE 2 are
determined by wafer center computing system 38. At step
96, it is determined whether right edge point coordinate 66
and left edge point coordinate 68 have been properly
detected. For examplé, the values of right edge point
coordinate 66 and left edge point coordinate 68 may be
compared with the minimum and maximum values allowed within
Cartesian coordinate system 72. If the values of right
edge point coordinate 66 and left edge point coordinate 68
exceed the minimum and maximum values allowed, such as
because of an error in the pattern recognition program, the

method returns to step 92, where sensor data is read again.
Otherwise, the method proceeds to step 98.
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At step 98, tﬁe coordinates of midpoint 70 are
computed. For example, midpoint 70 may be determined by
averaging the “X” coordinate values of right edge point
coordinate 66 and left edge point coordinate 68, and
averaging the “Yy~# coofdinates of right edge point
coordinate 66 and left edge point coordinate 68. The
method then proceeds to step 100.

At step 100, it is determined whether an allowable
midpoint 70 has been computed. For example, if the
coordinates computed for midpoint 70 exceed the range of
allowable midpoints for silicon wafer 54 placed on wafer
table 50, then the method proceeds to step 102, and exits
on an error signal. Otherwise, the method proceeds to step
104.

At step 104, wafer center 62 is cdmputed. For

example, wafer center 62 may be computed using the_'
mathematical algorithms previously provided in the

description of FIGURE 3. The'method then proceeds to step
106, where it is determined whether an allowable wafer
" center 62 has been éomputed. For example, if . the
coordinates computed for wafer center 62 exceed the range
of allowable coordinates of wafer center 62 for silicon
wafet 54 placed on wafer table 50, the method proceeds to
step 108 and exits on an error message. Otherwise, the
method proceeds to step 110. .

At step 110, the coordinates of wafer center 62 are
transmitted from wafer center computing system 38 to wafer
-table 50, which computes the coordinates of the wafer edge
in Cartesian coordinate system 72 of FIGURE 2. At step
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112, wafer table 50 computes the coordinates of the next
die to be removed. For the first die removed, these
coordinates may be the predetermined coordinates for first
pick die 82. For éubsequent dies, these coordinates may be
determined by adding or subtracting the “X” dimension of
one die from thé X-axis coordinates of the previously-
removed die, depending .upon the direction in which die
removal is progressing. At step 114, the calculated
coordinates of the die are compared with the edge
coordinates for silicon wafer 54. If the calculated
coordinates are beyond the edge of silicon wafer 54, the
method proceeds to step 116 where wafer table 50 moves
silicon wafer 54 to the next row or column.. Otherwise, the
method proceeds to step 118. :

At step 118, wafer table 50 moves silicon wafer 54 to
the position of the next die to be removed. The image of
this die is checked at step 120 to verify that a good die
is present. As previously described, this step may be

accomplished with image recognition software operating on

video interface system 30. If the image indicates that an

acceptable die is present, the method proceeds to'step 122,
where die removal is performed. Otherwise, the method
returns to step 112. _

After die removal has been completed at step 122, the
method proceeds to step 124, where it is determined whether
the last die has been removed. If the last die has been
removed, the method terminates at step 126.
method returns to step 112.

Otherwise, the

In operation, silicon wafer 54 is cut into dies and
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placed on wafer table 50. Silicon wafer 54 moves with
respect to adhesive surface 52 during the die cutting
process. This movement makes it necessary to determine the
new location of silicon wafer 54 before the cut dies may be
automatically removed in accordance with the present
invention. Wafer ‘center computing system 38 receives data
from video camera 22 and determines the coordinates of
wafer center 62 in Cartesian coordinate system 72 of wafer
table 50.

The coordinates of wafer center 62 are then
transmitted to wafer table 50, which uses the coordinates
of wafer center 62 to compute the continuous edge
coordinates of silicon wafer 54. Wafer table 50 then moves
the cut dies to a location where robot arm 40 and suction
device 44 may remove the cut dies, starting with first pick
die 82 and ending with last pick die 84. As die removal
progresses} wafer table 50 changes the location 6f silicon
wafer and the direction of removal whenever the die removal
position passes outside of the boundary of silicon wafer
54.

The present invention provides many important
technical advantages. One important technical advantage of
the present invention is that the center of a silicon wafer
on a wafer table may be precisely located. Another
important technical advantage of the present invention is
that die removal methods may be implemented that minimize
the number of usable cut dies that may be lost during the
die removal process. ' -

Although the present invention has been described in
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detail, it should be understood that various changes,
substitutions, and alterations can be made hereto without

departing from the spirit and the scope of the invention as
defined by the appended claims.
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WHAT L, ED-IS:

1. A method for determining the center of a silicon
wafer on a wafer table, the method comprising the steps of:

measuring silicon wafer data with a sensing device;

receiving the silicon wafer data at a wafer center
computing system;

computing an X-axis coordinate (Xw) and a Y-axis
coordinate (Yw) of a center of the silicon wafer in a wafer
table Cartesian coordinate system; and
' computing coordinates of an edge of the silicon wafer
from the wafer center coordinates (Xw,Yw).

2. The method of Claim 1 wherein the step of
computing the X-axis coordinate and the Y-axis coordinate
comprises the steps of:

determining two edge point coordinates (X1,Y1l) and
(X2,Y2) of the silicon wafer; and

computing the wafer center coordinates from the two
edge point coordinates.

3. The method of Claim 2 wherein the step of
determining comprises the steps of:

receiving data from a video camera;
| processing the data with an image recognition program
to generate an image of the silicon wafer;

imposing the image on a’ known coordinate system; and

determining two edge points coordinates (X1,Y1l) and
(X2,Y2) of the silicon wafer from the image imposed on the

known coordinate system. e

A
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4. The method of Claim 3 wherein the step of
computing the wafer center coordinates comprises the steps
of: | _

computing a value of an X-axis coordinate (Xm) of a
midpoint of a line biSecting the silicon wafer equal to
(X1+X2)/2;

computing a value of a Y-axis coordinate (Ym) of the
midpoint of the line bisecting the silicon_wafer equal to
(Y1+Y2)/2;

computing a first distance (D) between the midpoint of
the line bisecting the silicon wafer having coordinates
(Xm,¥Ym) and one of the first edge point and the second edge
point;

" computing a second distance (C) between the midpoint o
(Xm,Ym) and a wafer table center; and

computing the wafer center coordinates (Xw,Yw) from
(Xm, Ym) and C. '

5. The method of Claim 4 wherein the step of
computing the first distance (D) comprises the step of

finding the square root of ((X1-Xm)* (X1-Xm)+(Y1l-Ym)*(Y1l-
Ym)).

6. The method of Claim 4 wherein the step of
computing the second distance (C) comprises the step of

finding the square root of ((R*R)-(D*D)), where R equals a

T
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7. The method of Claim 4 wherein the step of
computing the wafer center coordinates comprises the steps
of:

equating the wafer center X-axis coordinate (XW)'to
Xm; | _

equating the wafer center Y-axis coordinate (Yw) to
(Ym + C) if Ym is negative; and

equating Yw to (¥m - C) if Ym is positive.

8. The method of Claim 1 further comprising the step
of removing dies with a robot assembly.

9. The method of Claim 8 wherein the step of
removing dies with a robot assembly further comprises the
steps of: | .

moving the silicon wafer to place one of a plurality
of dies at a die removal position;

verifying the presence of an acceptable die at the die
removal position with a die sensor:;

moving the silicon wafer by a predetermined amount if
an acceptable die is not at the die removal position; and

moving the silicon wafer to a'predetermined position

if the die removal position is beyond the edge of the
silicon wafer.

-—_
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10. A method for determining the center of a silicon

wafer on a wafer table, the method comprising the steps of:

receiving data from a video camera:

processing the data with an image recognition program
to generate an image of the silicon wafer;

imposing the image on a known coordinate system;

determining two edge point coordinates (X1,Y1l) and
(X2,Y2) of the silicon wafer:;

computing a value of an X-axis coordinate (Xm) of a
midpoint of a line bisecting the silicon wafer equal to
(X1+X2) /2; .

computing a value.of a Y-axis coordinate (¥Ym) of the
midpoint of the line bisecting the silicon wafer equal to
(Y1+Y2)/2;

computing a first distance (D) between the midpoint
having coordinates (Xm,¥Ym) and one of the first edge point
and the second edge point;

computing a second distance (C) between the midpoint
and a wafer table center;

computing coordinates of a wafer center (Xw,Yw):

computing coordinates of an edge of the silicon wafer
from the wafer center coordinates (Xw,Yw): '

moving the silicon wafer to place one of a plurality
of dies at a die removal position;

verifying the presence of an acceptable die at the die
removal position with a die sensor;

moving the silicon wafer by a predetermined amount if
an acceptable die is not at the die removal position; and

moving the silicon wafer to a predetermined position

R A
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if the die removal position is beyond the edge of the
silicon wafer.

11. The method of Claim 10 wherein the step of

computing the first distance (D) comprises the step of

finding the square root of ((X1-Xm) * (X1~Xm) + (Y1-¥m) * (Y1~
Ym)).

12. The method of Claim 10 wherein the step of
computing the second distance (C) comprises the step of

finding the square root'of((R*R)-(D*D)), where R equals a
radius of ‘the silicon wafer.

13. The method of Claim 10 wherein the step of

computing the coordinates of the wafer center comprises the
steps of:

equating the wafer center x-axis'coordinate (Xw) to
Xm; '

equating the wafer center Y-axis coordinate (Yw) to
(Ym + C) if Ym is negative; and .

equating Yw to (Ym - C) if Ym is positive.

* ¢ L M 5 *
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14. A system for determining the center of a silicon
wafer comprising:

a silicon wafer data sensor operable to generate
silicon wafer data; and

a wafer center computing system coupled to the silicon
wafer data sensor, the wafer center computing system
operable to receive the silicon wafer data from the silicon

wafer data sensor and to compute coordinates of the silicon
wafer center.

15. The system of Claim 14 wherein the wafer center
computing system is operable to receive the silicon wafer
data, to determine a first edge point coordinate and a
second edge point' coordinate, and .to compute the silicon

wafer center coordinates from the first edge coordinatg and -
the second edge coordinate.

16. The system of Claim 15 further comprising a wafer
table coupled to the wafer center computing system, the
wafer table operable to control the position of the silicon
wafer so as to place each one of a plurality of dies cut
from the silicon wafer at a die retrieval position, to
compute the silicon wafer edge coordinates from the silicon
wafer center coordinates, and to move the silicon wafer to
a first predetermined position when the die retrieval
position is outside of the silicon wafer edge.

RN R O l!ll -
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17. The system of Claim 16 further comprising:

a robot arm; and

a robot controller coupled to the robot arm and the
wafer center computing system, the robot controller
operable to receive data from the wafer center computing
system and to control the position of the robot arm.

18. The system of Claim 17 further comprising

a suction device coupled to the robot arm, operable to
pick up a die from an adhesive surface; and

‘the robot controller operable to control the robot arm
to place the suction device at the die retrieval position.

19. The system of Claim 16 wherein the wafer table is
coupled to the silicon wafer data sensor and is operable to
receive data from the silicon wafer data sensor and to

determine whether an acceptable die is present at the die
retrieval position.

* (o L M S *



