METHOD FOR ALIGNING OF SEMICONDUCTOR WAFER

CROSS-REFERENCE TO RELATED APPLICATION

This application claims under 35 U.S.C. §119(a) the benefit of Korean
5 Patent Application No. 10-2010-0041973 filed May 4, 2010 and Korean Patent
Application No. 10-2010-0048752 filed May 25, 2010, the entire contents of

which are incorporated herein by reference.

BACKGOUND OF THE INVENTION

10 1. Field of the Invention
The present invention relates to a method for aligning the position of a
semiconductor wafer and, more particularly, to a method for accurately aligning
the position of a semiconductor wafer to accurately transfer the semiconductor
wafer to a processing position in an apparatus for manufacturing a
15 semiconductor package.
2. Description of Related Art
In general, a semiconductor package is manufactured in such a manner
that a plurality of semiconductor packages, on which transistors and capacitors
are integrated at a high density, are attached to a rectangular plate-shaped lead
20 frame, the plurality of semiconductor packages are electrically connected fo a
pad of the lead frame by wire bonding, the resulting semiconductor packages

are molded with epoxy resin, and the semiconductor packages on the lead
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frame are cut into each semiconductor package by a singulation process.

Recently, the types of semiconductor packages have been diversified,
and thus a new packaging technology for singulating a semiconductor package
has been developed.

Typically, in a singulation apparatus, a wafer on which a plurality of
semiconductor packages are formed is placed on a chuck table and a cutting
blade and the chuck table move relatively to each other such that the cutting
blade cuts the wafer into each package. Here, the cutting blade passes
through a blade receiving groove configured to coincide with a cutting line of the
wafer on the chuck table to perform a cutting process without being in contact
with the chuck table.

However, when the wafer to be subjected to the cutting process has a
circular shape such as a wafer-level package, it is difficult to allow the cutting
line of the wafer to accurately coincide with the blade receiving groove on the
chuck table, and thus, when the wafer is transferred to the position of the cutting
process on the chuck table in the singulation process, the wafer may not be
accurately placed on the chuck table.

As such, if the wafer is not accurately placed on the chuck table for
cutting, the cutting line of the wafer does not accurately coincide with the blade
receiving groove on the chuck table, and thus the tip of the cutting blade may hit
the top surface of the chuck table during the cutting process, which causes

damage to the expensive cutting blade or chuck table.
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Moreover, the wafer will not be cut into a desired shape along the
cutting line formed in a matrix shape, and thus the semiconductor packages are
determined as defective, which increases the manufacturing cost and
significantly reduces the productivity.

Therefore, a process for accurately aligning the position of the wafer is
necessarily required before the wafer such as the wafer-level package is

transferred to the position of the cutting process.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a method
for aligning a semiconductor wafer, implemented in a wafer treatment apparatus
such as a singulation apparatus that cuts a semiconductor wafer, on which a
plurality of semiconductor packages are arranged in a matrix form, into each
semiconductor package, the method characterized in that a vision camera
photographs an arrangement relationship between the center of a dowel hole
and that of the semiconductor package to accurately determine the position of
the wafer in the X-, Y-, and 0 directions, thus accurately transferring the wafer to
a processing position. Therefore, the method of the present invention can be
effectively applied to a method for aligning a new type of wafer such as a wafer-
level package. Especially, the method of the present invention can minimize
the effect of errors due to vibration of the apparatus, etc. and obtain an accurate

measurement value, thus accurately aligning the position of the wafer.
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In one aspect, the present invention provides a method for aligning a
semiconductor wafer, the method comprising: (a) placing a semiconductor wafer
on an alignment table; (b) allowing a vision camera to photograph a certain area
on the semiconductor wafer and detect a tilted angle a of a matrix-like pattern,
formed on the semiconductor wafer, with respect to a reference coordinate
system by a relative movement between the vision camera and the alignment
table; (c) allowing the alignment table to rotate a predetermined angle (B = -a +
N x 90° or B = 90° - a + N x 90°, where N is an integer) based on the measured
tiited angle; (d) allowing the vision camera and the alignment table to move
relatively to each other such that a reference point, formed on a base on which
the alignment table is provided, and a predetermined point on the
semiconductor wafer are present at the same time in a field of view (FOV) of the
vision camera, and allowing the vision camera to detect position information
between the reference point and the predetermined point on the semiconductor
wafer; (e) calculating a position correction value of the semiconductor wafer
based on the detected position information; and (f) correcting the position of the
semiconductor wafer by horizontally or rotatably moving the alignment table
based on the calculated position correction value.

Step (d) may be performed with respect to at least two pairs of
reference points, formed on opposite sides with respect to the semiconductor
wafer, and the predetermined point on the semiconductor wafer, respectively.

In step (d), the vision camera may move with respect to the alignment
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table, the alignment table may move with respect to the vision camera, or both
of them may move relatively to each other.

The method may further comprise: between step (c) and step (d), if the
vision camera can move only in one axis (e.g., X-axis or Y-axis) direction and if
the movement distance of the alignment table in the other axis (e.g., Y-axis or
X-axis) direction is less than half the diameter of the semiconductor wafer,
allowing the alignment table to rotate a predetermined angle such that at least
two reference marks, formed on the semiconductor wafer, are present in a
photographing area of the vision camera; allowing the vision camera to detect a
first position of each of the at least two reference marks, respectively; allowing
the alignment table to rotate a predetermined angle; allowing the vision camera
to detect a second position of any one of the at least two reference marks;
calculating a position correction value of the semiconductor wafer based on the
detected position information on the reference marks on the semiconductor
wafer; and correcting the position of the semiconductor wafer by horizontally or
rotatably moving the alignment table based on the calculated position correction
value.

The method may further comprise, after step (c), allowing the vision
camera to be positioned on an outer circumference of the semiconductor wafer
in one axis (e.g., X-axis or Y-axis) direction by a relative movement between the
vision camera and the alignment table, allowing the semiconductor wafer to

rotate by 90°, and allowing the vision camera to detect a notch formed on the
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outer circumference of the semiconductor wafer.

The method may further comprise: between step (c) and step (d),
detecting position information of at least two reference marks, formed on the
semiconductor wafer, by a relative movement between the vision camera and
the alignment table; calculating a position correction value of the semiconductor
wafer based on the detected position information on the at least two reference
marks on the semiconductor wafer; and correcting the position of the
semiconductor wafer by horizontally or rotatably moving the alignment table
based on the calculated position correction value.

The predetermined point on the semiconductor wafer may be a
semiconductor package, which is present together with the reference point in
the FOV of the vision cameral, among a plurality of semiconductor packages.

In another aspect, the present invention provides a method for aligning
a semiconductor wafer, the method comprising: (a) placing a semiconductor
wafer on an alignment table; (b) allowing a vision camera to be positioned on an
outer circumference of the semiconductor wafer by a relative movement
between the vision camera and the alignment table, allowing the semiconductor
wafer to rotate, and allowing the vision camera to detect a notch formed on the
outer circumference of the semiconductor wafer; (c) allowing the vision camera
and the alignment table to move relatively to each other such that a reference
point, formed on a base on which the alignment table is provided, and a

predetermined point on the semiconductor wafer are present at the same time
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in a field of view (FOV) of the vision camera, and allowing the vision camera to
detect position information between the reference point and the predetermined
point on the semiconductor wafer; (d) calculating a position correction value of
the semiconductor wafer based on the detected position information; and (e)
correcting the position of the semiconductor wafer by horizontally or rotatably
moving the alignment table based on the calculated position correction value.
The method may further comprise: between step (c) and step (d), if the
vision camera can move only in one axis (e.g., X-axis or Y-axis) direction and if
the movement distance of the alignment table in the other axis (e.g., Y-axis or
X-axis) direction is less than half the diameter of the semiconductor wafer,
allowing the alignment table to rotate a predetermined angle such that a
reference mark, formed on the semiconductor wafer, is present in a
photographing area of the vision camera; allowing the vision camera to detect a
first position of the reference mark; allowing the alignment table to rotate a
predetermined angle; allowing the vision camera to detect a second position of
the reference mark and a position of at least one reference mark other than the
reference mark; calculating a position correction value of the semiconductor
wafer based on the detected position information on the reference marks on the
semiconductor wafer; and correcting the position of the semiconductor wafer by
horizontally or rotatably moving the alignment table based on the calculated

position correction value.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present invention will be described
with reference to certain exemplary embodiments thereof illustrated the
attached drawings in which:

FIG. 1 is a schematic plan view partially showing the configuration of a
semiconductor wafer singulation apparatus to which a method for aligning a
semiconductor wafer according to the present invention is applied;

FIGS. 2 to 9 are plan views sequentially showing a method for aligning
a semiconductor wafer according to one embodiment of the present invention
implemented in the semiconductor wafer singulation apparatus of FIG. 1;

FIGS. 10 and 11 are plan views showing a second correction process
after the semiconductor wafer alignment according to one embodiment of the
present invention implemented in the semiconductor wafer singulation
apparatus of FIG. 1; and

FIG. 12 is a plan view showing a method for aligning a semiconductor
wafer according to another embodiment of the present invention implemented in
the semiconductor wafer singulation apparatus of FIG. 1.

Reference numerals set forth in the drawings includes reference to the

following elements as further discussed below:

10: loading unit 11: alignment table
12: transfer robot 13: cutting unit
14: strip picker 15: brush cleaning unit
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16: washing unit 17: unit picker

18: vision camera 19: chuck table

20: cutting blade 21: blade receiving groove
22: dowel hole

W: semiconductor wafer N: notch

F1 to F4: reference marks

Ow: center point of semiconductor wafer

Or: rotation center of alignment table

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, preferred embodiments of a method for aligning a
semiconductor wafer according to the present invention will be described in
detail with reference to the accompanying drawings.

First, as an example of a semiconductor wafer treatment apparatus for
performing the method for aligning the semiconductor wafer according to the
present invention, the configuration of a semiconductor wafer singulation
apparatus will be described briefly with reference to FIG. 1.

The semiconductor wafer singulation apparatus includes: a loading unit
10 on which circular semiconductor wafers W, each including a plurality of
semiconductor packages arranged in a matrix form and loaded in a magazine M,
are loaded; an alignment table 11 on which the semiconductor wafer W taken

out of the loading unit 10 is placed and aligned; a transfer robot 12 for
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transferring the semiconductor wafer W from the loading unit 10 to the
alignment table 11; a cutting unit 13 for cutting the semiconductor wafer W
transferred from the alignment table 11 into each semiconductor package; a
strip picker 14 for vacuum-sucking the semiconductor wafer W on the alignment
table 11 and transferring it to the cutting unit 13; and a unit picker 17 for
vacuum-sucking the semiconductor package on the cutting unit 13 and
transferring it to a brush cleaning unit 15, a washing unit 16, and a vision
inspection unit (not shown).

The operation of each of the above components is controlled by a
controller (not shown) of the semiconductor wafer singulation apparatus.

A vision camera 18 for photographing the semiconductor wafer W on
the alignment table 11 to detect the position thereof is provided on the top of the
alignment table 11.

The vision camera 18 is fixed to one side of the strip picker 14 to move
along with the strip picker 14, or alternatively, the vision camera 18 may be
configured to move in the X-axis direction, independently from the strip picker
14.

The cutting unit 13 includes a chuck table 19 on which the
semiconductor wafer W is placed and a cutting blade 20 moving relatively with
respect to the chuck table 19 and cutting the semiconductor wafer W on the
chuck table 19.

A blade receiving groove 21, in which the tip of the cutting blade 20 is

10
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received in a non-contact manner, is formed on the upper surface of the chuck
table 19, which corresponds to the package cutting line formed in a matrix
shape on the semiconductor wafer W.

Therefore, when the cutting blade 20 moving relatively with respect to
the chuck table 19 cuts the semiconductor wafer W on the chuck table 19 along
the cutting line, the tip of the cutting blade 20 passes through the blade
receiving groove 21 and cuts the semiconductor wafer W without being in
contact with the chuck table 19.

Meanwhile, the method for aligning the semiconductor wafer according
to the present invention is performed on the alignment table 11. Here, the
alignment table 11 is provided on an X-Y-@ stage (no{ shown) capable of rotating
in the X axis direction, in the Y-axis direction, and in the 8 direction with respect
to a vertical axis to correct the position of the semiconductor wafer W placed on
the alignment table 11. The X-Y-8 stage moving the alignment table 11 moves
over a distance to finely adjust the position of the semiconductor wafer W within
a range that does not increase the overall size of the apparatus.

Especially, the present invention provides a method for accurately align
the semiconductor wafer W by minimizing the effect of errors due to vibration of
the apparatus, etc.

For this purpose, as shown in FIGS. 10 and 11, when the
semiconductor wafer W is placed on the alignment table 11, the vision camera

18 moves in the X-axis direction to detect a matrix-like pattern formed on the

11
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top of one side of the semiconductor wafer W, e.g., on the top of the middle of
the semiconductor wafer W, thus determining how much the pattern is titled.

Here, the matrix-like pattern formed on the semiconductor wafer W
represents the cutting line through which the blade passes or onto which a laser
beam is irradiated to cut the semiconductor wafer W into each semiconductor
package.

If the titled angle with respect to a reference coordinate system of the
matrix-like pattern formed on the semiconductor wafer W is ta, an angle, at
which the alignment table should rotate such that the matrix-like pattern is
parallel to the reference coordinate system, B = (N x 90°) — ta or B = (90° - a)
+ (N x 90°), where N is an integer.

Subsequently, the alignment table 11 is rotated a predetermined angle
in the © direction, based on the information of the semiconductor wafer W
stored in the controller, to be perpendicular to the semiconductor wafer W.

That is, the alignment table 11 is rotated a predetermined angle in the ©
direction such that the matrix-like pattem of the semiconductor wafer W
coincides with the blade receiving groove 21 of the chuck table 19.

Then, the vision camera 18 is moved in the X-axis direction to
photograph dowel holes 22 fixedly positioned on both sides of the alignment
table 11 and a semiconductor package positioned around the edge of the
semiconductor wafer W adjacent to the dowel holes 22, thus detecting the

positions thereof.

12
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For example, the vision camera 18 is horizontally moved in the X-axis
direction to detect the central position of the dowel hole 22 and the central
position of a certain semiconductor package on the semiconductor wafer W
adjacent thereto.

Here, the semiconductor package represents a reference
semiconductor package whose position is to be detected based on the
information of the semiconductor wafer W stored in the controller.

The process of determining the position of the dowel hole 22 and that of
the reference semiconductor package may be performed at least once and, if a
more accurate position detection value is required, the process may be
performed twice. At this time, after photographing the dowel hole 22 on one
side and the reference semiconductor package adjacent thereto, the vision
camera 18 may horizontally move in the X-axis direction to photograph the
dowel hole 22 on the other side and the reference semiconductor package
adjacent thereto.

As such, when the central positions of the dowel holes 22 on both sides
and those of the reference semiconductor packages are detected, a difference
between the detected relative position and a target relative position is calculated,
and thus a position correction value of the semiconductor wafer W can be
calculated.

Therefore, the controller (not shown) calculates a correction value

based on the central position of the semiconductor package and that of the

13
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dowel hole 22 and moves the alignment table 11 in the 6 direction and/or in the
X-axis direction and/or in the Y-axis direction, thereby correcting the position of
the semiconductor wafer W to coincide with the information on the position
relationship between the dowel hole 22 and the reference semiconductor
package, stored in the controller.

As such, the position of the semiconductor wafer W can be corrected
once or twice based on the position information detected by the vision camera
18 with respect to the dowel holes 22 whose positions are fixed, and thus it is
possible to accurately correct the position of the semiconductor wafer W while
minimizing the effect of errors due to vibration of the apparatus, etc.

Meanwhile, prior to performing the method for aligning the position of
the semiconductor wafer W in the above manner, the present invention provides
a method for aligning the position of a semiconductor wafer W with respect to
reference marks F, to F4 of the semiconductor wafer W.

Referring to FIGS. 2 to 9, a method for aligning a semiconductor wafer
according to another embodiment of the present invention will be described
below.

Here, when the semiconductor wafer W is placed on the alignment table
11 from the loading unit 10 by the transfer robot 12, the vision camera 18 moves
in the X-axis direction over the alignment table to photograph a notch N (see
FIG. 2) and reference marks F; to F4 (see FIG. 2), formed on the edge of the

semiconductor wafer W, in a predetermine order, thus determining the position

14
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of the semiconductor wafer W on the alignment table 11. Then, based on the
determined position, the position of the semiconductor wafer W is corrected to a
predetermined reference position such that the semiconductor wafer W is
placed on an accurate position of the strip picker 14 to be picked up by the strip
picker 14.

First, the semiconductor has a circular shape and may include a notch
N concavely formed on the outer circumference as a reference point of the
semiconductor wafer W.

Moreover, a plurality of reference marks Fy to F4 are formed in
predetermined positions spaced a predetermined distance from a centerline
passing through the notch N of the semiconductor wafer W.

Information on the distances from the center of the semiconductor wafer
W to the respective reference marks F1 to F4 in the X-axis direction and in the Y-
axis direction is pre-stored in the controller (not shown).

As shown in FIG. 2, when the semiconductor wafer W is placed on the
alignment table 11, the vision camera 18 moves in the X-axis direction and
photographs the semiconductor wafer W from the top of the center of the
semiconductor wafer W to detect the cutting line of the semiconductor wafer W
formed in a matrix shape, thereby determine how much the pattern is tilted.

Then, based on the information of the semiconductor wafer W stored in
the controller, the alignment table 11 is rotated a predetermined angle in the e

direction such that the cutting line of the semiconductor wafer W coincides with

15
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the blade receiving groove 21 of the chuck table 19 (see FIG. 1).

Subsequently, the vision camera 18 moves in the X-axis direction to be
positioned at the top of the edge of one side of the semiconductor wafer W (90°
in a clockwise direction in the figure). In this state, the vision camera 18
rotates by 90° in one direction to detect the notch N formed in the edge of one
side of the semiconductor wafer W.

When the notch N is positioned at the bottom of the vision camera 18
as shown in FIG. 3, the alignment table 11 rotates a predetermined angle in the
clockwise direction, as shown in FIG. 4, to adjust the position of the
semiconductor wafer W such that a first reference mark F and a third reference
mark F5 are present in a photographing area of the vision camera 18. Then,
the vision camera 18 photographs the first reference mark Fy to detect the
position coordinates of the first reference mark F.

Next, as shown in FIG. 5, the vision camera 18 moves in the X-axis
direction, photographs the third reference mark F3 to determine the position
information on the third reference mark F3, and returns to the initial position.

Here, since the vision camera 18 horizontally moves in the X-axis
direction, it is possible to determine how much the semiconductor wafer W
deviates from the centerline based on the position information on the first and
third reference marks F1 and Fa.

In addition, to further increase the accuracy, the above sequence may

be repeated such that the semiconductor wafer W coincides with the centerline.

16
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That is, after a process of rotating the alignment table 11 a
predetermined angle corresponding to the value obtained by the vision camera
18 moving in the X-axis direction and photographing the first and third reference
marks Fq and F3, that is, corresponding to the degree that the semiconductor
wafer W deviates from the centerline, and obtaining the position information on
the first and third reference marks F, and F3 by photographing is repeatedly
performed such that the first and third reference marks F1 and F3 are positioned
on the centerline, the following process may be performed.

As such, when the positions of the first and third reference marks F4
and F, detected by the vision camera 18, are not symmetrical to each other
with respect to the centerline or in order to further increase the accuracy, it is
possible to allow the vision camera 18 to detect the position of the first
reference mark F4, allow the alignment table 11 to be rotated a predetermined
angle such that the third reference mark F3 is positioned on the centerline, and
then allow the vision camera 18 to detect the position of the third reference
mark F3 by photographing.

As mentioned above, when the positions of the first and third reference
marks F; and F; are detected, the controller (not shown) detects a first position
of a center point Ow of the semiconductor wafer W based on the detected
positions of the first and third reference marks Fi and F; and the pre-stored
information regarding the distance between the first and third reference marks

F4 and F3 and the center point Ow.

17
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Then, as shown in FIG. 6, the alignment table 11 rotates 180° in a
counterclockwise direction such that the third reference mark F3 is present in
the photographing area of the vision camera 18, thus photographing a second
position of the third reference mark Fs.

Subsequently, as shown in FIG. 7, the vision camera 18 moves again in
the Y-axis direction to photograph the first reference mark F, thus detecting a
second position of the first reference mark Fj.

Here, second position coordinates of the center point Ow of the
semiconductor wafer W are determined by the detected second position
coordinates of the first and third reference marks F1 and F.

As such, when the first and second positions of the center point Ow of
the semiconductor wafer W are determined, it is possible to detect the position
of a rotation center Or of the alignment table 11 by a difference between the first
and second positions of the center point Ow.

If the center point Ow of the semiconductor wafer W coincides with the
position of the rotation center Or of the alignment table 11, the position of the
center point Oy is not changed even though the alignment table 11 rotates 180°.
However, as shown in FIG. 7, if the center point Ow of the semiconductor wafer
W does not coincide with the position of the rotation center Oy of the alignment
table 11, the position of the center point Ow is changed when the alignment
table 11 rotates 180°.

Therefore, when the position of the center point Ow of the

18
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semiconductor wafer W is known, it is possible to determine the position of the
rotation center Ot of the alignment table 11.

In this embodiment, to increase the accuracy, the position of the rotation
center Oy of the alignment table 11 is determined by detecting both the first and
second positions of the first and third reference marks F4 and F;. However, it
is possible to determine the position of the rotation center Oy of the alignment
table 11 by determining either the position of the first reference mark F1 or that
of the third reference mark Fj.

In the determination of the position of the rotation center O of the
alignment table 11, it is possible to determine how much the center point Ow of
the semiconductor wafer W deviates from the rotation center Or of the
alignment table 11 which is obtained in advance using a jig or a dummy
semiconductor wafer and then stored in the controller.

However, since the alignment table 11 is mechanically rotated by a
motor, for example, the rotation center may slightly vary during use.

Therefore, the above-described process of determining the position of
the rotation center Ot of the alignment table 11 by placing the semiconductor
wafer W on the alignment table 11, detecting first positions of the first and third
reference marks F, and F3 by photographing, rotating the alignment table 11
180°, and detecting second positions of the first and third reference marks Fi
and F3 is more accurate.

Meanwhile, as shown in FIG. 8, a pair of dowel holes 22 are fixedly

19
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provided on both sides of the alignment table 11 to allow the strip picker 14 to
be guided to an accurate position when the strip picker 14 vacuum-sucks the
semiconductor wafer W on the alignment table 11. A pair of position
determining pins (not shown) projecting downward are formed on both sides of
the strip picker 14 to be inserted into each dowel hole 22.

Therefore, when the strip picker 14 picks up the semiconductor wafer W
on the alignment table 11, the position determining pins of the strip picker 14 are
inserted into the dowel holes 22 such that the strip picker 14 picks up the
semiconductor wafer W in a constant position. Therefore, if the center point
Ow of the semiconductor wafer W coincides with the center position between
the dowel holes 22, i.e., the center of the wafer pickup position, the strip picker
14 can pick up the semiconductor wafer W from an accurate position.

As mentioned above, when the position of the center point Ow of the
semiconductor wafer W is detected, it is possible to determine the deviation of
the center point Ow of the semiconductor wafer W from the rotation center Or of
the alignment table 11, and thus it is possible to calculate a substantial rotation
of the semiconductor wafer W according to the rotation of the alignment table 11.

Therefore, as shown in FIG. 9, the controller (not shown) calculates a
correction value based on the second position of the center point Ow of the
semiconductor wafer W and the position of the rotation center Or of the
alignment table 11, rotates the alignment table 11 a predetermined angle, and

then moves the alignment table 11 in the X-axis direction and/or in the Y-axis
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direction such that the center point Ow of the semiconductor wafer W coincides
with the center position between the dowel holes 22, thus correcting the position
of the semiconductor wafer W.

Here, the rotation angle of the alignment table 11 is determined by
reflecting the value that the first and third reference marks F1 and F; rotate to be
present in the photographing area of the vision camera 18 and the value that
the semiconductor wafer W deviates from the centerline when the vision
camera 18 moving in the X-axis direction photographs the first and third
reference marks F; and F3, based on the deviation between the rotation center
Or of the alignment table 11 and the center point Ow of the semiconductor wafer
W.

As such, according to the present invention, even though the reference
marks F1 and F3 on the semiconductor wafer W deviate from the centerline
passing through the notch N, the vision camera 18 can determine the positions
of the reference marks F1 to F4 while moving in one direction (i.e., in the X-axis
direction). As a result, it is possible to determine the position of the center
point Oy of the semiconductor wafer W and the position of the rotation center
Oy of the alignment table 11 based on the positions of the reference marks F1 to
F., thereby accurately correcting the position of the semiconductor wafer W.

Therefore, the semiconductor wafer W can be accurately transferred to
the next processing position and subjected to the next process, and thus it is

possible to minimize the occurrence of defects.
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Meanwhile, as another example of the method for aligning the
semiconductor wafer W, the present invention provide a method for correcting
the position of a semiconductor wafer W by detecting the position of each
reference mark with respect to the semiconductor wafer W using the vision
camera 18 capable of moving in the X- and Y-axis directions and by using the
detection information.

For this purpose, as shown in FIG. 12, the vision camera 18 first moves
to photograph a predetermined area of the semiconductor wafer W, i.e., the
central area of the semiconductor wafer W, thus measuring the tilting degree of
a matrix-like pattern formed on the semiconductor wafer W. Then, the
alignment table 11 is rotated a predetermined angle in the 6 direction based on
the measurement information to be perpendicular to the semiconductor wafer W.

Next, the vision camera 18 moves to the top of the semiconductor wafer
W and horizontally moves in the X- and Y-axis directions to detect the positions
of at least two reference marks among a plurality of reference marks.

For example, the vision camera 18 moves freely in the X-axis direction
and/or in the Y-axis direction, photographs a first reference mark F1 to detect
the position coordinates thereof, and photographs a third reference mark Fs to
detect the position coordinates thereof.

As such, when the positions of the first and third reference marks F1
and F; are detected, the controller (not shown) detects the position of the center

point Oy of the semiconductor wafer W based on the detected positions of the
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first and third reference marks Fq and F; and the pre-stored information
regarding the distance between the first and third reference marks F; and F3;
and the center point Ow.

Then, a position correction value of the semiconductor wafer W is
calculated based on the position information of the reference marks such as the
first and third reference marks Fy and F3, and then the alignment table 11 is
horizontally or rotatably moved, thus correcting the position of the
semiconductor wafer W.

As such, the accurately aligned semiconductor wafer W can be
accurately transferred to the next processing position and subjected to the next
process, and thus it is possible to minimize the occurrence of defects.

While the above-described embodiments are directed to the method for
aligning the semiconductor wafer W in the singulation apparatus for cutting the
semiconductor wafer W into each semiconductor package, the method for
aligning the semiconductor wafer W according to the present invention can be
applied in the same or similar manner to any wafer treatment apparatus that
handles various types of wafers, besides the semiconductor wafer singulation
apparatus.

Moreover, it will be apparent that, when the alignment method
according to the present invention is implemented using a jig having a shape
corresponding to the semiconductor wafer, it belongs to the technical scope of

the present invention. Such a jig may have a size corresponding to that of the
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semiconductor wafer and may include a matrix-like pattern, a reference mark,
and/or a notch. The jig is nothing but a kind of dummy semiconductor wafer,
and it is obvious to those skilled in the art to which the present invention
pertains that the jig is the same as the semiconductor wafer or an equivalent
thereof and is widely used.

As described above, the method for aligning the semiconductor wafer
according to the present invention has the following advantages:

First, since the vision camera can easily detect the position of the
reference mark formed the wafer, even through the corresponding wafer is a
new even on a new type of wafer such as a wafer-level package, on which the
reference mark deviates from the centerline of the wafer, the position in which
the wafer is placed can be accurately determined. Therefore, the position of
the wafer can be accurately aligned by correcting the position of the wafer
based on the determined position in which the wafer is placed; and

Second, the relationship between the position of the fixed reference
point such as a dowel hole and the position of the center point of the
semiconductor package on the wafer is photographed by the vision camera
once or twice to determine a position correction value of the wafer, and the
position of the wafer can be corrected and aligned based on the position
correction value with the minimum number of times of photographing.
Therefore, it is possible to minimize the occurrence of errors on the

measurement value by the vision camera due to vibration of the apparatus, etc.
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and obtain an accurate measurement value, thus accurately aligning the
position of the wafer.

As above, preferred embodiments of the present invention have been
described and illustrated, however, the present invention is not limited thereto,
rather, it should be understood that various modifications and variations of the
present invention can be made thereto by those skilled in the art without
departing from the spirit and the technical scope of the present invention as

defined by the appended claims.
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What is claimed is:

1. A method for aligning a semiconductor material using a circular
semiconductor material processing apparatus comprising:

an alignment table configured to move horizontally and rotationally in any
direction;

a vision camera photographing a circular semiconductor material on the
alignment table while moving horizontally and reciprocally in one direction over the
alignment table;

a strip picker picking up the semiconductor material that is aligned on the
alignment table and then transports the semiconductor material to a position of a
subsequent process, the method comprising:

(a) placing the semiconductor material on the alignment table;

(b) allowing the vision camera to photograph a certain area on the
semiconductor material and measure a tilted angle a of a matrix-like pattern, formed
on the semiconductor wafer, with respect to a reference coordinate system by a
relative movement between the vision camera and the alignment table;

(c) allowing the alignment table to rotate a predetermined angle (B = -a + N x
90° or B = 90° - a + N x 90°, where N is an integer) based on the measured tilted
angle;

(d) allowing the vision camera and the alignment table to move relatively to
each other such that one of at least two reference marks formed in the
semiconductor material and a reference point formed on a base on which the
alignment table is provided are present at the same time in a field of view (FOV) of
the vision camera;

(e) allowing the vision camera to detect position information between a first

position with respect to the one of at least two reference marks and the reference
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point;

(f) allowing the vision camera to move such that a first position of the other
reference mark of the at least two reference marks and another reference point
formed in the base simultaneously are present at the same time in the field of view of
the vision camera;

(g) allowing the vision camera to detect position information between the first
position of the other reference mark and another reference point,

(h) allowing the alignment table to rotate a predetermined angle such that a
second position of at least one of the at least two reference marks and one of the
reference points formed on the base are present at the same time in the field of view
(FOV) of the vision camera;

(i) allowing the vision camera to detect position information between the
second position of one of the at least two reference marks and the one of the
reference points; and

(j) calculating a position correction value of the semiconductor material
based on the position information detected in step (e), (g) and (i), and correcting a
position of the semiconductor material by horizontally or rotatably moving the

alignment table based on the calculated position correction value.

2. A method for aligning a semiconductor material using a circular
semiconductor material processing apparatus comprising:

an alignment table configured to move horizontally and rotationally in any
direction;

a vision camera photographing a circular semiconductor material on the
alignment table while moving horizontally and reciprocally in one direction over the
alignment table;

a strip picker picking up the semiconductor material that is aligned on the

alignment table and then transports the semiconductor material to a position of a
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subsequent process, the method comprising:

(a) placing the semiconductor material on the alignment table;

(b) allowing a vision camera to be positioned on an outer circumference of
the semiconductor material by a relative movement between the vision camera and
the alignment table(11), and then detecting a notch formed on the outer
circumference of the semiconductor material while rotating the semiconductor
material;

(c) allowing the vision camera and the alignment table to move relatively to
each other such that one of at least two reference marks formed in the
semiconductor material and a reference point formed on a base on which the
alignment table is provided are present at the same time in a field of view (FOV) of
the vision camera;

(d) allowing the vision camera to detect position information between a first
position with respect to the one of at least two reference marks and the reference
point;

(e) allowing the vision camera to move such that a first position of the other
reference mark of the at least two reference marks and another reference point
formed in the base simultaneously are present at the same time in the field of view of
the vision camera;

(f) allowing the vision camera to detect position information between the first
position of the other reference mark and another reference point;

(g) allowing the alignment table to rotate a predetermined angle such that a
second position of at least one of the at least two reference marks and one of the
reference points formed on the base are present at the same time in the field of view
(FOV) of the vision camera;

(h) allowing the vision camera to detect position information between the
second position of one of the at least two reference marks and the one of the

reference points; and
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(i) calculating a position correction value of the semiconductor material
based on the position information detected in step (d), (f) and (h), and correcting a
position of the semiconductor material by horizontally or rotatably moving the

alignment table based on the calculated position correction value.

3. A method for aligning a semiconductor material using a circular
semiconductor package assembly processing apparatus comprising:

an alignment table configured to move horizontally and rotationally in any
direction;

a vision camera photographing a circular semiconductor package assembly
on the alignment table while moving horizontally and reciprocally in one direction
over the alignment table;

a strip picker picking up the semiconductor package assembly that is aligned
on the alignment table and then transports the semiconductor package assembly to
a position of a subsequent process, the method comprising:

(a) placing a semiconductor material on the alignment table;

(b) allowing the vision camera to photograph a certain area on the
semiconductor material and measure a tilted angle a of a matrix-like pattern, formed
on the semiconductor wafer, with respect to a reference coordinate system by a
relative movement between the vision camera and the alignment table;

(c) allowing the alignment table to rotate a predetermined angle (B = -a + N x
00° or B = 90° - a + N x 90°, where N is an integer) based on the measured tilted
angle;

(d) rotating the alignment table by a certain angle such that at least two
reference marks formed in the semiconductor material is positioned within a
photographable region of the vision camera.

(e) allowing the vision camera to detect first positions of the at least two

reference marks, respectively;

29



(f) allowing the alignment table to rotate a certain angle;

(g) allowing the vision camera to detect a second position of at least one of
the at least two reference marks;

(h) calculating a position correction value of the semiconductor material
based on detected position information on the reference marks of the semiconductor
material to correct a position of the semiconductor material by horizontally or
rotatably moving the alignment table according to the position correction value.

(i) allowing the vision camera and the alignment table to move relatively to
each other to detect position information between a reference point and the
reference marks, such that the reference formed in the base on which the alignment
table is provided and one of the at least two reference marks formed in the
semiconductor material are present at the same time in a field of view of the vision
camera.

(j) calculating a position correction value of the semiconductor material
based on the detected position information, and correcting a position of the
semiconductor material by horizontally or rotatably moving the alignment table based

on the calculated position correction value.

4. The method of claim 1 or 3, further comprising, between step (c) and step
(d), allowing the vision camera to be positioned on an outer circumference of the
semiconductor material in one axis (e.g., X-axis or Y-axis) direction of the reference
coordinate system by a relative movement between the vision camera and the
alignment table, allowing the semiconductor wafer to rotate by 90° to detect a notch
formed on the outer circumference of the semiconductor material, and allowing one
of reference marks to be positioned in the photographable region of the vision
camera by rotating the alignment table when the notch is positioned under the vision

camera.
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5. The method of claim 2, further comprising, between step (b) and step (c),
allowing one of the reference marks to be positioned in the photographable region of
the vision camera by rotating the alignment table when the notch is positioned under

the vision camera.

6. The method of claim 1, wherein in step (h), the rotation angle of the

alignment table is about 180 degrees.

7. The method of claim 2, wherein in step (g), the rotation angle of the

alignment table is about 180 degrees.

8. The method of claim 3, wherein in step (f), the rotation angle of the

alignment table is about 180 degrees.

9. The method of any one of claims 1 to 3, wherein the relative movement
between the vision camera and the alignment table is a movement of the vision
camera with respect to the alignment table, a movement of the alignment table with

respect to the vision camera, or both thereof.

10. The method of any one of claims 1 to 3, wherein the method for aligning
the semiconductor material is performed when the vision camera is movable only in
one axis (e.g., X-axis or Y-axis) direction of the reference coordinate system and a
movement distance of the alignment table in the other axis (Y-axis or X-axis)

direction is equal to or less than a half of a diameter of the semiconductor material.

11. The method of any one of claims 1 to 3, the reference mark on the
semiconductor material is a semiconductor package that is positioned in the field of

view of the vision camera together with the reference point among a plurality of
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semiconductor packages formed in the semiconductor material.

12. The method of any one of claims 1 to 3, wherein the reference point is a

dowel hole.

13. The method of claim 12, wherein the dowel hole is provided in plurality to
determine a pickup position of the strip picker, and a controller corrects the position
of the semiconductor material such that the center point of the semiconductor

material coincides with a center between the plurality of dowel holes.
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