PROCESSI NG METHOD FOR SECTOR- SHAPED WAFER PI ECE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processi
method for a sector-shaped wafer piece obtained by
dividing a wafer, such as a semiconductor wafer or
optical device wafer, into quarters.

Description of the Related Art

Wafers such as a silicon wafer formed on it
surface with a plurality of semiconductor devices a
sapphire wafer, SIiC wafer or the like formed with a
plurality of optical devices such as light-emitting
diodes (LEDs), are formed in a disk-like shape.

The devices are partitioned by a plurality
crossing division lines (streets), and cutting by a
cutting blade (cutting apparatus) is performed or
ablation processing or formation of modified layers
inside processing using a laser beam (laser process
apparatus) is performed, along the division lines,
whereby the wafer is divided into individual device

In recent years, attendant on the trend tow
smaller device chips or toward larger wafer diamete
processing time per wafer has tended to be longer.
view of this, a process may sometimes be selected i

which, for example, one sheet of wafer is divided i
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guarters, and the quarters are processed by a separ
processing apparatus. In this case, since the chip
be continuously fed to the subsequent step, there i

effect that the process as a whole proceeds efficie

SUMMVARY OF THE | NVENTI ON
However, in the case of dicing the quarter
pieces (sector-shaped wafer pieces) obtained by div

one sheet of wafer into quarters, there is a proble

the processing time cannot be shortened wunless a

processing feed quantity according to the shape of
quarter wafer piece is set.

Accordingly, it is an object of the present
invention to provide a processing method for a wafe
which a large-diameter wafer can be efficiently pro

In accordance with an aspect of the present
invention, there is provided a processing method fo
sector-shaped wafer piece, for processing a sector-
quarter wafer piece obtained by dividing into quart
disk-shaped wafer which has a device formed in each
regions on its front surface partitioned by a plura
of crossing division lines and which has at its out
periphery a notch indicative of its crystal orienta
the processing being performed along the division |
and the processing being performed with a processin

quantity according to a shape of the quarter wafer
2

ate

S Can

ntly.

wafer
iding

m that

the

r by

cessed.

ra
shaped
ers a
of
lity
er
tion,
ines,
g feed

piece.



The processing method includes an information colle cting
step of collecting information on shapes of four pa tterns
of the quarter wafer pieces which are different in

position of a circular arch of an outer periphery i n the

case where the quarter wafer pieces with the crysta I

orientation positioned in a predetermined direction are
each held by a holding surface of a chuck table, an d on
processing feed quantities corresponding to the sha pes of
the four patterns, a wafer unit forming step of adh ering
a back surface of the quarter wafer piece to a dici ng
tape having an outer peripheral portion attached to an
annular frame, to form a wafer unit, a holding step of
suction holding the quarter wafer piece of the wafe r unit
by a chuck table of a processing apparatus through the

dicing tape after the wafer unit forming step is

conducted, an alignment step of imaging the quarter wafer
piece by an imaging unit of the processing apparatu s, and
aligning the division line extending in a first dir ection
to a processing feed direction, based on target pat terns
formed in the devices after the holding step is con ducted,
a pattern selection step of selecting that one of t he
four patterns to which the quarter wafer piece held by
the chuck table corresponds after the alignment ste p is

conducted, and a processing step of processing the
qguarter wafer piece held by the chuck table along t he

division line with the processing feed quantity
3



corresponding to the selected pattern after the pat
selection step is conducted.

Preferably, the pattern selection step incl
target pattern detection step of calculating a regi
a square having vertical and horizontal sides equal
two sides of the quarter wafer piece, searching for
target pattern in the device at a center of each of
four sides of the square by the imaging unit, and
detecting the target patterns from the two sides of
qguarter wafer piece, and a selection step of select
based on the positions of the sides where the targe
pattern has been detected, that one of first quadra
second quadrant, third quadrant, and fourth quadran
the wafer in an XY rectangular coordinate system be
guadrisection to which the quarter wafer piece
corresponds.

According to the processing method of the p
invention, there is obtained an effect such that it
possible to detect the orientation of the quarter w
piece by detecting the target patterns, without nee
an exclusive-use apparatus for recognizing a large
for shape recognition, and to automatically optimiz
processing feed quantity.

The above and other objects, features and
advantages of the present invention and the manner

realizing them will become more apparent, and the
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invention itself will best be understood from a stu dy of
the following description and appended claims with
reference to the attached drawings showing a prefer red

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view of a cutting
apparatus;

FIGS. 2A to 2D are plan views of wafer unit S,
depicting four patterns of quarter wafer pieces;

FIG. 3 is a plan view of a wafer unit depic ting
schematically a processing feed quantity; and

FIG. 4 is a plan view of a wafer unit for

explaining a pattern selection step.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

An embodiment of the present invention will be
described in detail below, referring to the drawing S.
Referring to FIG. 1, there is depicted a perspectiv e view

of a cutting apparatus according to the present

embodiment. A cutting apparatus 2 has a support ba se 4,
an upper surface of which is formed with an opening 4a in
the shape of a rectangle elongated in an X-axis dir ection
(processing feed direction). In the opening 4a, th ere are

provided an X-axis moving table 6, an X-axis moving

mechanism (not depicted) that moves the X-axis movi ng
5



table 6 in the X-axis direction, and a dustproof an

droplet-proof cover 8 that covers the X-axis moving

mechanism. The X-axis moving mechanism has a pair
axis guide rails (not depicted) parallel to the X-a
direction, and the X-axis moving table 6 is slidabl
mounted to the X-axis guide rails.

A nut section (not depicted) is provided on
surface side of the X-axis moving table 6, and an X
ball screw (not depicted) parallel to the X-axis gu
rails is in screw engagement with the nut section.
axis pulse motor (not depicted) is connected to one
portion of the X-axis ball screw. When the X-axis
screw is rotated by the X-axis pulse motor, the X-a
moving table 6 is moved in the X-axis direction alo
X-axis guide rails.

A chuck table 10 for holding a workpiece by

is provided on the X-axis moving table 6. The chuc

10 is connected to a rotational drive source (not

depicted) such as a motor, and is rotated about a

rotational axis which is substantially parallel to
axis direction (vertical direction). In addition,
chuck table 10 is put to processing feed in the X-a
direction by the aforementioned X-axis moving mecha
A front surface (upper surface) of the chuc
10 is a holding surface 10a for holding the workpie

thereon by suction. The holding surface 10a is con
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to a suction source (not depicted) through a passag
depicted) formed in the inside of the chuck table 1
the periphery of the chuck table 10, there are prov
clamps 10b for fixing the workpiece.

The workpiece is, for example, a semiconduc
wafer, is adhered onto a tape held by an annular fr
and is handled together with the annular frame. Wh
workpiece is handled by use of the annular frame an
tape, the workpiece can be protected from shock or
like generated during carrying thereof. Further, w
tape is expanded, it is thereby possible to divide
workpiece having undergone cutting, or to widen the
interval of chips after the division. Note that th
workpiece may be cut alone, without using the annul
frame or the tape.

At a corner section on the front side of an
apparatus base 4 remote from the opening 4a, there
provided a projecting section 12 which projects sid
from the apparatus base 4. The projecting section
formed therein with a space, and a cassette elevato
capable of moving upward and downward is disposed i
space. A cassette 18 capable of accommodating a pl
of workpieces is mounted on an upper surface of the
cassette elevator 16.

At a position proximate to the opening 4a,

provided a carrying unit (not depicted) that carrie
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aforementioned workpiece to the chuck table 10. Th
workpiece drawn out of the cassette 18 by the carry
unit is mounted on the holding surface 10a of the ¢
table 10.

A support structure 20 that supports a cutt
14 for cutting the workpiece is disposed on an uppe
surface of the apparatus base 4 in such a manner as
project to the upper side of the opening 4a. A cut
unit moving mechanism 22 that moves the cutting uni
in a Y-axis direction (indexing feed direction) and
Z-axis direction is provided at an upper portion of
front surface of the support structure 20.

The cutting unit moving mechanism 22 has a
Y-axis guide rails 24 which are disposed on a front
surface of the support structure 20 and are paralle
the Y-axis direction. A Y-axis moving plate 26
constituting the cutting unit moving mechanism 22 i
slidably mounted to the Y-axis guide rails 24. A n
section (not depicted) is provided on a back surfac
(rear surface side) of the Y-axis moving plate 26,
Y-axis ball screw 28 parallel to the Y-axis guide r
24 is in screw engagement with the nut section.

A Y-axis pulse motor (not depicted) is conn
one end portion of the Y-axis ball screw 28. When
axis ball screw 28 is rotated by the Y-axis pulse m

the Y-axis moving plate 26 is moved in the Y-axis
8

ing
huck

ing unit

to
ting
t 14

the

ut
e side
and a

ails

ected to
the Y-

otor,



direction along the Y-axis guide rails 24. On a fr
surface of the Y-axis moving plate 26, there are pr
a pair of Z-axis guide rails 30 which are parallel
Z-axis direction. A Z-axis moving plate 32 is slid
mounted to the Z-axis guide plate 30.

A nut section (not depicted) is provided on
surface side (rear surface side) of the Z-axis movi
plate 32, and a Z-axis ball screw 34 parallel to th
axis guide rails 30 is in screw engagement with the
section. A Z-axis pulse motor 36 is connected to o
portion of the Z-axis ball screw 34. When the Z-ax
screw 34 is rotated by the Z-axis pulse motor 36, t
axis moving plate 32 is moved in the Z-axis directi
along the Z-axis guide rails 30.

The cutting unit 14 that processes the work
and an imaging unit 38 are fixed to a lower portion
the Z-axis moving plate 32. When the Y-axis moving
26 is moved in the Y-axis direction by the cutting
moving mechanism 22, the cutting unit 14 and the im
unit 38 are put to indexing feeding, and when the Z
moving plate 32 is moved in the Z-axis direction, t
cutting unit 14 and the imaging unit 38 are moved u

or downward.

Numeral 40 denotes a cleaning unit, and the

workpiece having undergone cutting by the cutting u

is carried from the chuck table 10 to the cleaning
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40 by a carrying mechanism (not depicted). The cle
unit 40 has a spinner table 42 that holds the workp
by suction in a tubular cleaning space. A rotation
drive source such as a motor for rotating the spinn
table 42 at a predetermined speed is connected to a
portion of the spinner table 42.

On the upper side of the spinner table 42,
disposed a jet nozzle 44 that jets a cleaning fluid
(typically, a binary fluid obtained by mixing water
air) toward the workpiece. When the cleaning fluid
jetted from the jet nozzle 44 while rotating the sp
table 42 that holds the workpiece, the workpiece ha
been cut can be cleaned. The workpiece cleaned by
cleaning unit 40 is accommodated into the cassette
a carrying mechanism (not depicted).

In a processing method for a sector-shaped

piece according to the present embodiment, first, a

shaped wafer is divided into quarters by use of the

cutting apparatus 2, as depicted in FIG. 1. As is
known, a device is formed in each of regions on the
surface of the wafer partitioned by a plurality of
crossing division lines (streets), and an outer per
of the wafer is formed with a notch indicative of t
crystal orientation of the wafer.

When the wafer is divided into quarters, th

is divided into a wafer piece 11A in the first quad
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a wafer piece 11B in the second quadrant, a wafer p iece

11C in the third quadrant, and a wafer piece 11D in the
fourth quadrant in an XY rectangular coordinate sys tem.
Referring to FIGS. 2A to 2D, there are depicted pla n
views of wafer units 21A, 21B, 21C, and 21D in each of
which the back surface of the sector-shaped wafer p iece

obtained by quadrisecting the wafer is adhered to a
dicing tape T having an outer peripheral portion at tached

to an annular frame F.

FIG. 2A is a plan view of the wafer unit 21 A in
which the quarter wafer piece 11A in the first quad rant
is supported by the annular frame F through the dic ing
tape T, and FIG. 2B is a plan view of the wafer uni t 21B

in which the quarter wafer piece 11B in the second

guadrant is supported by the annular frame F. FIG. 2C is

a plan view of the wafer unit 21C in which the quar ter
wafer piece 11C in the third quadrant is supported by the
annular frame F, and FIG. 2D is a plan view of the wafer
unit 21D in which the quarter wafer piece 11D in th e

fourth quadrant is supported by the annular frame F

As depicted in FIGS. 2A to 2D, the quarter wafer
pieces 11A to 11D are individually in four patterns ;N
the embodiment illustrated, the quarter wafer piece 11C
in the third quadrant and the quarter wafer piece 1 1D in

the fourth quadrant each have a half of a notch 17

divided at the notch 17 portion.
11



In the processing method for a sector-shape d wafer

piece in the embodiment of the present invention, a n
information collecting step of collecting informati on on
the shapes of the four patterns of the quarter wafe r
pieces (sector-shaped wafer pieces) different in th e
position of a circular arc of an outer periphery, i n the
case where the quarter wafer pieces 11A to 11D with the

crystal orientation positioned in a predetermined
direction are each held by the holding surface 10a of the
chuck table 10, and information on processing feed
guantities corresponding to the shapes of the four
patterns.

The information collecting step is carried out with
the wafer's crystal orientation positioned in a
predetermined direction, for the reason that the ac curacy
of detection of a target pattern formed in a device 15 by

the imaging unit 38 is limited to approximately 10

degrees from the crystal orientation. For this rea son, it

is necessary to form in four kinds the wafer units 21A to
21D in which the shapes 11A to 11D of the four patt erns
of the quarter wafer pieces are each supported, in the
guadrisected state, by the annular frame F through the

dicing tape T, as depicted in FIGS. 2A to 2D.

In performing the information collecting st ep, the
information is preliminarily collected and stored i n a
memory of a controller of the processing apparatus, prior

12



to starting the processing of the quarter wafer pie ces

11A to 11D. The processing feed quantities to be

preliminarily collected will be described referring to
FIG. 3.
The wafer unit 21A is a wafer unit in which the

quarter wafer piece 11A in the first quadrant is

supported by the annular frame F through the dicing tape
F. A processing quantity 23a at the time of proces sing a
division line 13 extending in a first direction of the
quarter wafer piece 11A is set in such a manner as to
gradually decrease along a circular arc in going in the
Y-axis direction, and values of the thus set proces sing
guantity 23a are stored in the memory of the contro ller.

A processing quantity 23b at the time of pr ocessing
a division line 13 extending in a second direction IS
also set in such a manner as to gradually decrease along
a circular arc in going in the indexing feed direct ion,

based on the assumption that the chuck table 10 is

rotated counterclockwise by 90 degrees and the proc essing
Is conducted, and information on the thus set proce ssing
quantity 23b is stored in the memory of the control ler.

In regard of the quarter wafer piece 11B in the
second quadrant, the quarter wafer piece 11C in the third
quadrant, and the quarter wafer piece 11D in the fo urth

guadrant, also, information on the processing feed

quantity corresponding to the shape of the quarter wafer
13



piece is stored in the memory of the controller.

In the following description, the wafer uni
which the quarter wafer piece 11A in the first quad
is supported by the annular frame F through the dic
tape T will be mainly described. In the processing
for a sector-shaped wafer piece in the present embo
after the wafer unit forming step and the informati
collecting step are conducted, a holding step of su
holding the quarter wafer piece 11A of the wafer un
by the chuck table 10 of the cutting apparatus 2 th
the dicing tape T is carried out.

In a state in which the quarter wafer piece
thus suction held by the chuck table 10 through the
dicing tape T, an alignment step of imaging the qua
wafer piece 11A by the imaging unit 38 of the cutti
apparatus 2 and aligning the division line 13 exten
in the first direction to a processing feed directi
axis direction), based on the target patterns forme
the devices 15, is performed.

In this alignment step, the chuck table 10
to © rotation such that a straight line connecting the
targets in the devices 15 spaced apart in the X-axi
direction is set parallel to the X-axis direction,
the cutting unit 14 is moved in the Y-axis directio
the distance between the center of an adjacent divi

line and the target pattern, whereby the division |
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to be cut and the cutting blade of the cutting unit
are aligned in the X-axis direction.

After the alignment step is conducted, a pa
selection step of selecting that one of the four pa
to which the held quarter wafer piece corresponds i
performed. In this pattern selection step, as depi
FIG. 4, a square 25 including the orthogonal two si
27a and 27b of the quarter wafer piece 11A is calcu
Sides 27c and 27d are other two sides of the square
drawn imaginarily. After the square 25 is thus cal
imaginarily, a target pattern search zone 29 is set
substantially central portion of each of the sides
27d.

The target pattern search zones 29 set on t
27a to 27d are imaged by the imaging unit 38, and t
presence/absence of the target pattern in each of t
pattern search zones 29 is checked. In the target
search zones 29 on the sides 27a and 27b, the targe
pattern set in the device 15 is determined to be pr
On the other hand, in the target pattern search zon
set on the imaginary sides 27c and 27d, the device
absent in the target pattern search zone 29, and,
therefore, the target pattern is determined to be a
From the detection results, a selection indicating
the quarter wafer piece 11A depicted in FIG. 4 is t

wafer piece 11A in the first quadrant is made (patt
15

14

ttern

tterns

cted in
des

lated.
25

culated

27ato

he sides
he
arget

pattern

esent.

es 29

bsent.
that
he

ern



selection step).

In regard of the quarter wafer piece 11B in
second quadrant, the quarter wafer piece 11C in the
quadrant, and the quarter wafer piece 11D in the fo
quadrant, also, pattern selection is performed by t
same method as above. In FIG. 4, arrow X1 indicate
processing feed direction, and arrow Y1 indicates t
indexing feed direction.

Specifically, the pattern selection step in
target pattern detection step of calculating the re
of the square 25 having vertical and horizontal sid
equal to the two sides of the quarter wafer piece,
searching for the target pattern in the device at a
substantially central portion of each of the four s
27a to 27d of the square 25 by the imaging unit 38,
detecting the target patterns from the two sides of
quarter wafer piece, and a selection step of select
based on the positions of the sides where the targe
pattern has been detected, that one of the first qu
the second quadrant, the third quadrant, and the fo
quadrant of the wafer in the XY rectangular coordin
system before quadrisection to which the quarter wa
piece corresponds.

After the pattern selection step is conduct
processing step of cutting the quarter wafer piece

by the chuck table 10 by the cutting blade of the ¢
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unit 14 along the division line 13 with a processin
quantity corresponding to the selected pattern is
performed.

In the processing step, the processing feed
quantity can be automatically optimized and efficie
processing can be carried out, since the informatio
the processing feed quantities corresponding to the
shapes of the four patterns have preliminarily been
stored in the memory of the controller in the infor
collecting step.

While cutting of the quarter wafer pieces (

shaped wafer pieces) 11A to 11D by the cutting blad

the cutting apparatus 2 is conducted in the

aforementioned embodiment, a laser processing appar
may be used in place of the cutting apparatus 2, an
ablation processing or inside processing of forming
modified layers in the inside of the wafer may be
performed by applying a laser beam along the divisi
lines 13.

The present invention is not limited to the
of the above described preferred embodiment. The s
the invention is defined by the appended claims and
changes and modifications as fall within the equiva
of the scope of the claims are therefore to be embr

by the invention.
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VWHAT IS CLAI MED | S:

1. A processing method for a sector-shaped wafer
piece, for processing a sector-shaped quarter wafer piece
obtained by dividing into quarters a disk-shaped wa fer
which has a device formed in each of regions on its front
surface partitioned by a plurality of crossing divi sion

lines and which has at its outer periphery a notch
indicative of its crystal orientation, the processi ng
being performed along the division lines, and the
processing being performed with a processing feed
guantity according to a shape of the quarter wafer piece,
the processing method comprising:

an information collecting step of collectin g
information on shapes of four patterns of the quart er
wafer pieces which are different in position of a
circular arch of an outer periphery in the case whe re the

quarter wafer pieces with the crystal orientation

positioned in a predetermined direction are each he Id by
a holding surface of a chuck table, and on processi ng
feed quantities corresponding to the shapes of the four
patterns;

a wafer unit forming step of adhering a bac k

surface of the quarter wafer piece to a dicing tape
having an outer peripheral portion attached to an a nnular
frame, to form a wafer unit;

a holding step of suction holding the quart er wafer
18



piece of the wafer unit by a chuck table of a proce
apparatus through the dicing tape after the wafer u
forming step is conducted;

an alignment step of imaging the quarter wa
piece by an imaging unit of the processing apparatu
aligning the division line extending in a first dir
to a processing feed direction, based on target pat
formed in the devices after the holding step
conducted,;

a pattern selection step of selecting that
the four patterns to which the quarter wafer piece
by the chuck table corresponds after the alignment
Is conducted; and

a processing step of processing the quarter
piece held by the chuck table along the division li
with the processing feed quantity corresponding to
selected pattern after the pattern selection step i
conducted.

2. The processing method for a sector-shap
piece according to claim 1,

wherein the pattern selection step includes

a target detection

pattern step  of

calculating a region of a square having vertical an

horizontal sides equal to two sides of the quarter
piece, searching for the target pattern in the devi

a center of each of the four sides of the square by
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imaging unit, and detecting the target patterns fro
two sides of the quarter wafer piece; and
a selection step of selecting, base

positions of the sides where the target pattern has
detected, that one of first quadrant, second quadra
third quadrant, and fourth quadrant of the wafer in
rectangular coordinate system before quadrisection
which the quarter wafer piece corresponds.

3. The processing method for a sector-shap
piece according to claim 1, wherein in the processi
step, the division lines are cut by a cutting blade
cutting apparatus.

4. The processing method for a sector-shap
piece according to claim 1, wherein in the processi
step, processing is conducted by applying a laser b

along the division lines.
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