PROCESSI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processi ng
apparatus for removing, from a wafer formed with a ring-
shaped reinforcement section in a projection form o na
back surface side in a peripheral marginal area, th e

projection-shaped reinforcement section.

Description of the Related Art

A wafer formed, on a front surface thereof, with a
device area in which a plurality of devices such as
integrated circuits (ICs) and large-scale integrate d
circuits (LSIs) are partitioned by streets and a
peripheral marginal area surrounding the device are ais
ground on a back side to be formed to a desired

thickness, and is thereafter divided into individua |

device chips by a dicing apparatus or a laser proce ssing
apparatus. The thus divided device chips are used for
electric apparatuses such as mobile phones and pers onal
computers.

The present applicant has proposed a techno logy in
which, for facilitating the conveyance of the groun d
wafer, predetermined processing is conducted while a



ring-shaped reinforcement section is left on the ba ck
side of the wafer corresponding to the peripheral

marginal area, after which a tape (dicing tape) is

attached to the back surface of the wafer, the wafe ris
supported by a frame, and the ring-shaped reinforce ment
section is removed from the wafer (see, for example ,

Japanese Patent Laid-open No. 2010-62375).

SUMVARY OF THE | NVENTI ON

However, it is difficult to perform an oper ation of
attaching a tape to the back surface of the wafer w ith a
ring-shaped reinforcement section in a projection f orm

formed on the back surface corresponding to the

peripheral marginal area, to unite the wafer with t he
frame. Also, it is difficult to cut and remove the ring-
shaped reinforcement section from the wafer. Thus, there

is a problem of poor productivity.

Accordingly, it is an object of the present
invention to provide a processing apparatus by whic h an
operation of attaching a tape to the back surface o fa

wafer with a ring-shape reinforcement section in a

projection form formed on the back surface correspo nding
to the peripheral marginal area, to unite the wafer with
a frame, can easily be carried out, and by which th e
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ring-shaped reinforcement section can easily be cut and
removed from the wafer.

In accordance with an aspect of the present

invention, there is provided a processing apparatus for
removing, from a wafer with a ring-shaped reinforce ment
section in a projection form formed on a back surfa ce

corresponding to a peripheral marginal area, the

projection-shaped reinforcement section, the proces sing
apparatus including a wafer cassette table on which a
wafer cassette accommodating a plurality of wafers is to
be placed; a wafer conveying-out mechanism that con veys
out the wafer from the wafer cassette placed on the wafer

cassette table; a wafer table that supports a front

surface side of the wafer conveyed out by the wafer

conveying-out mechanism; a frame accommodating devi ce
that accommodates a plurality of ring-shaped frames each
formed with an opening for accommodating the wafer; a
frame conveying-out mechanism that conveys out the frame
from the frame accommodating device; a frame table that
supports the frame conveyed out by the frame convey ing-

out mechanism; a tape attaching mechanism that is

disposed on an upper side of the frame table and at taches
a tape to the frame; a tape-attached frame conveyin g
mechanism that conveys the tape-attached frame to t he

3



wafer table, positions an opening of the frame to t
back surface of the wafer supported by the wafer ta
and places the tape-attached frame on the wafer tab
tape pressure bonding mechanism that pressure bonds
tape of the tape-attached frame to the back surface
the wafer; a frame unit conveying-out mechanism tha
conveys out, from the wafer table, a frame unit in
the tape of the tape-attached frame and the back su
of the wafer are pressure bonded by the tape pressu
bonding mechanism; a reinforcement section removing
mechanism that cuts and removes the ring-shaped
reinforcement section from the wafer of the frame u
conveyed out by the frame unit conveying-out mechan
ringless unit conveying-out mechanism that conveys
from the reinforcement section removing mechanism,
ringless unit from which the ring-shaped reinforcem
section has been removed; and a frame cassette tabl
which the frame cassette accommodating the ringless
conveyed out by the ringless unit conveying-out mec
is to be placed.

Preferably, the wafer conveying-out mechani
includes a conveying arm and a hand that is dispose
tip of the conveying arm, that supports the back su

of the wafer accommodated in the wafer cassette, an
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reverses the wafer face side back.

In addition, preferably, the hand is a Bern
pad in which a negative pressure is generated by je
of air and the wafer is supported on a non-contact

Besides, preferably, the wafer table includ
annular support section that supports the periphera
marginal area of the wafer, with a part on an inner
than the peripheral marginal area in a non-contact
and a frame support section that is disposed at a
periphery of the annular support section and suppor
frame.

In addition, preferably, the tape attaching
mechanism includes a roll tape support section that
supports a roll tape in which the tape before use i
rolled, a tape take-up section that takes up the us
tape, a tape drawing section that draws out the tap
the roll tape, a pressure bonding section that pres
bonds the drawn-out tape to the frame, and a cuttin
section that cuts the tape protruding to a peripher
the frame, along the frame.

Besides, preferably, the tape pressure bond
mechanism includes an upper chamber disposed on an
side of the wafer table, a lower chamber that

accommodates the wafer table, a lift mechanism that
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the upper chamber upward and downward to generate a
closed state in which the upper chamber is in conta
with the lower chamber and an open state in which t
upper chamber is spaced away from the lower chamber
vacuum section that establishes a vacuum in the upp
chamber and the lower chamber in the closed state,
atmospheric opening section that opens the upper ch
and the lower chamber to the atmosphere, and, in a
in which the tape of the tape-attached frame is
positioned on the back surface of the wafer support
the wafer table, the lift mechanism is operated to
establish a vacuum in the upper chamber and the low
chamber while the closed state is maintained, and t
tape of the tape-attached frame is pressure bonded
back surface of the wafer by a pressing roller disp
in the upper chamber.

In addition, preferably, the frame unit con
out mechanism includes a frame unit holding section
includes a wafer holding section for holding the wa
and a frame holding section for holding the frame a
conveying section that conveys the frame unit holdi
section to a temporary placing table.

Besides, preferably, the frame unit conveyi

mechanism includes a two-dimensional moving mechani
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that moves the frame unit holding section on a two-
dimensional basis in horizontal directions; and an
imaging section that images a periphery of the wafe
the frame unit held by the frame unit holding secti

and the two-dimensional moving mechanism is operate
image at least three parts of the periphery of the

by the imaging section, the coordinates of the cent

the wafer are obtained, and the center of the wafer
made to coincide with the center of the temporary p
table.

In addition, preferably, the reinforcement
removing mechanism includes a laser beam applying u
that applies a laser beam toward a base of the ring
shaped reinforcement section formed at the peripher
the wafer and forms a cut groove, a first lift tabl
holds and raises the frame unit temporarily placed
temporary placing table, to position the frame unit
the laser beam applying unit, and a separating sect
that separates the ring-shaped reinforcement sectio
the cut groove, the separating section includes an
ultraviolet ray applying section that applies ultra
rays to the tape corresponding to the cut groove, t
lower an adhesive force of the tape, a second lift

that suction-holds the inside of the wafer while ex
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the ring-shaped reinforcement section on the periph
and supports the frame, a separator that acts on th
periphery of the ring-shaped reinforcement section
separate the ring-shaped reinforcement section, and
discarding section that discards the separated ring
shaped reinforcement section, and the first lift ta
temporarily places the frame unit formed with the c
groove on the temporary placing table, the temporar
placing table is positioned at the separating secti
a table conveying section, and the second lift tabl
supports the frame unit temporarily placed on the
temporary placing table.

Besides, preferably, the temporary placing
includes a heater, and the first lift table holds,
the temporary placing table, the frame unit in whic
tape is heated by the heater and the tape is put in
close contact with the base of the ring-shaped
reinforcement section.

In addition, preferably, the temporary plac
table includes an annular support section that supp
the peripheral marginal area of the wafer and puts
on an inner side than the peripheral marginal area
non-contact state; and a frame support section that

disposed at the periphery of the annular support se
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and supports the frame. Besides, preferably, the r
unit conveying-out mechanism includes a reversing
mechanism that includes a frame holding section fac
the ringless unit supported by the second lift tabl
holding the frame, moves toward the frame cassette
and reverses the frame holding section; a ringless
support section that supports the ringless unit bei
reversed by the reversing mechanism and having the
surface of the wafer directed upward; and a pushing
section that causes the ringless unit supported by
ringless unit support section to enter into the fra
cassette placed on the frame cassette table and to
accommodated in the frame cassette.

According to the processing apparatus accor
an aspect of the present invention, an operation of
attaching a tape to the back surface of a wafer wit
ring-shaped reinforcement section in a projection f
formed on the back surface corresponding to the
peripheral marginal area, to unite the wafer with a
frame, is easy to carry out, and cutting and removi
ring-shaped reinforcement section from the wafer ar
easy, so that productivity is good.

The above and other objects, features and

advantages of the present invention and the manner
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realizing them will become more apparent, and the

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 processin g

apparatus according to the present embodiment;

FIG. 2 is a perspective view of a wafer to be
processed by the processing apparatus depicted in F IG. 1;
FIG. 3 is a perspective view of a wafer cas sette

table depicted in FIG. 1, and the like;
FIG. 4 is a perspective view of a hand depi cted in
FIG. 1;

FIG. 5 is a perspective view of a frame

accommodating device depicted in FIG. 1, and the |i ke;
FIG. 6A is a perspective view of a tape att aching
mechanism in a state in which a frame table depicte din
FIG. 1 is located at a lowered position, and the li ke;
FIG. 6B is a perspective view of the tape a ttaching
mechanism in a state in which the frame table depic ted in
FIG. 1 is located at a raised position, and the lik e;
FIG. 7 is an exploded perspective view of a tape
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pressure bonding mechanism depicted in FIG. 1;

FIG. 8 is a sectional view depicting a stat ein
which pressing of a tape by a pressing roller in a tape
pressure bonding step is started;

FIG. 9 is a sectional view depicting a stat ein
which the pressing of the tape by the pressing roll erin
the tape pressure bonding step is finished,;

FIG. 10 is a perspective view of a reinforc ement
section removing mechanism depicted in FIG. 1;

FIG. 11 is a schematic diagram depicting a state in
which a laser beam is applied to a base of a wafer ina

reinforcement section removing step;

FIG. 12 is a perspective view of a first i ft table
of the reinforcement section removing mechanism dep icted
in FIG. 1;

FIG. 13 is a perspective view of a separati ng
section of the reinforcement section removing mecha nism

depicted in FIG. 1,

FIG. 14 is a schematic diagram depicting a state in
which a reinforcement section is separated from the wafer
in the reinforcement section removing step;

FIG. 15 is a perspective view of a discardi ng
section of the reinforcement section removing mecha nism

depicted in FIG. 1;
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FIG. 16 is a perspective view of a reversin
mechanism of a ringless unit conveying-out mechanis
depicted in FIG. 1,

FIG. 17 is a perspective view of a ringless
support section and a pushing-in section of the rin
unit conveying-out mechanism depicted in FIG. 1; an

FIG. 18 is a perspective view depicting a s
which a ringless unit accommodating step is being ¢

out.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

An embodiment according to an aspect of the
invention will be described below referring to the
attached drawings.

Referring to FIG. 1, a processing apparatus
generally by a reference symbol 2 includes a wafer
cassette table 8 on which a wafer cassette 6
accommodating a plurality of wafers is to be mounte
wafer conveying-out mechanism 10 that conveys out t
wafer from the wafer cassette 6 mounted on the wafe
cassette table 8, and a wafer table 12 that support
front surface side of the wafer conveyed out by the
conveying-out mechanism 10.

FIG. 2 depicts a wafer 4 to be processed by
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processing apparatus 2. A front surface 4a of the
is formed with a device area 18 in which a pluralit
devices 14 such as ICs and LSiIs are partitioned by
streets 16 formed in a grid pattern; and a peripher
marginal area 20 surrounding the device area 18. W
boundary 22 between the device area 18 and the peri
marginal area 20 is indicated by an alternate long
two short dashes line for the sake of convenience,
reality, the line indicating the boundary 22 is abs
On the side of a back surface 4b of the wafer 4, a
shaped reinforcement section 24 is formed in a proj
form in the peripheral marginal area 20, and the
thickness of the peripheral marginal area 20 is gre
than the thickness of the device area 18. In addit
circumferential edge of the wafer 4 is formed with
cutout 26 indicating the crystal orientation.

As illustrated in FIG. 3, a plurality of wa
in a state in which the front surface 4a is directe
upward are accommodated at vertical intervals in th
wafer cassette 6. The wafer cassette table 8 in th
embodiment depicted has a top plate 28 on which the
cassette 6 is to be placed and a support plate 30
supporting the top plate 28. Note that the top pla

may be moved up and down, and a lift mechanism that
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the top plate 28 upward and downward to position th
plate 28 at any height may be provided.

Referring to FIG. 3 for continuing descript
wafer conveying-out mechanism 10 includes a Y-axis
movable member 32 movable in a Y-axis direction ind
by an arrow Y in FIG. 3 and a Y-axis feeding mechan
that moves the Y-axis movable member 32 in the Y-ax
direction. The Y-axis feeding mechanism 34 has a b
screw 36 that is connected to an end portion of the
axis movable member 32 and that extends in the Y-ax
direction and a motor 38 that rotates the ball scre
The Y-axis feeding mechanism 34 converts a rotation
motion of the motor 38 into a rectilinear motion an
transmits the rectilinear motion to the Y-axis mova
member 32 by the ball screw 36, and moves the Y-axi
movable member 32 in the Y-axis direction along a p
guide rails 40 extending in the Y-axis direction.
that an X-axis direction indicated by an arrow X in
3 is a direction orthogonal to the Y-axis direction
a Z-axis direction indicated by an arrow Z in FIG.
the vertical direction orthogonal to both the X-axi
direction and the Y-axis direction. An XY plane de
by the X-axis direction and the Y-axis direction is

substantially horizontal plane.
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As depicted in FIG. 3, the wafer conveying-
mechanism 10 in the embodiment depicted includes a
conveying arm 42 and a hand 44 that is disposed at
of the conveying arm 42, that supports the back sur
4b of the wafer 4 accommodated in the wafer cassett
and that reverses the wafer 4 upside down. The con
arm 42 is provided on an upper surface of the Y-axi
movable member 32, and is driven by an appropriate
source (not illustrated) such as an air drive sourc
an electric drive source. The drive source drives
conveying arm 42 to position the hand 44 at any pos
in each of the X-axis direction, the Y-axis directi
and the Z-axis direction, and reverses the hand 44
down.

Referring to FIG. 4 for description, the ha
preferably a Bernoulli pad that supports the wafer
non-contact basis by generating a negative pressure
air jetting. The hand 44 in the embodiment depicte
shaped as a whole, and a side surface of the hand 4
formed with a plurality of air jet ports 46 connect
a compressed air supply source (not illustrated).
peripheral edge of the hand 44, a plurality of guid
48 are additionally provided at intervals in the

circumferential direction. Each of the guide pins
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configured to be movable in the radial direction of
hand 44.

As depicted in FIGS. 3 and 4, the wafer con
out mechanism 10 positions the hand 44 on the back
surface 4b side (lower side) of the wafer 4 in the
cassette 6 mounted on the wafer cassette table 8, a
which compressed air is jetted from the air jet por
of the hand 44 to generate a negative pressure on o
surface side of the hand 44 by the Bernoulli effect
the wafer 4 is suction-supported by the hand 44 on
contact basis from the back surface 4b side. Horiz
movement of the wafer 4 suction-held by the hand 44
restricted by each of the guide pins 48. By moving
axis movable member 32 and the conveying arm 42, th
wafer conveying-out mechanism 10 conveys out the wa
suction-supported by the hand 44, from the wafer ca
6.

As depicted in FIG. 4, the wafer conveying-
mechanism 10 in the embodiment illustrated includes
cutout detection unit 50 that detects the position
cutout 26 of the wafer 4. The cutout detection uni
may include, for example, a light emitting element
a light receiving element 54 disposed with a vertic

interval therebetween and a drive source (not
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illustrated) that rotates at least one of the guide
48 of the hand 44.

The light emitting element 52 and the light
receiving element 54 can be added to the Y-axis mov
member 32 or a conveying path through an appropriat
bracket (not illustrated). In addition, when the g
pin 48 is rotated by the drive source, the wafer 4
suction-supported by the hand 44 is rotated due to
rotation of the guide pin 48. For securely transmi
rotation from the guide pin 48 to the wafer 4, the
peripheral surface of the guide pin 48 rotated by t
drive source is preferably formed of an appropriate
synthetic rubber.

The cutout detection unit 50 can detect the
position of the cutout 26 by rotating the wafer 4 b
drive source through the guide pin 48, in a state i
which the wafer 4 is suction-supported by the hand
the periphery of the wafer 4 is positioned between
light emitting element 52 and the light receiving e
54. As a result, the orientation of the wafer 4 ca
adjusted to any direction.

As illustrated in FIG. 3, the wafer table 1
disposed adjacent to the wafer conveying-out mechan

10. The wafer table 12 in the embodiment illustrat
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includes an annular support section 56 that support
peripheral marginal area 20 of the wafer 4 and that
the part on the inner side than the peripheral marg
area 20 in a non-contact state; and a frame support
section 58 that is disposed at the periphery of the
annular support section 56 and supports a frame 64
FIG. 5) which will be described later. An upper su
of the annular support section 56 is formed with a
plurality of suction holes 60 disposed at intervals
the circumferential direction, and each of the suct
holes 60 is connected to a suction source (not
illustrated) such as a vacuum pump. That part of t
wafer table 12 which is located on the radial
directionally inner side than the annular support s
56 is a downwardly hollowed circular recess 62.
When the hand 44 is reversed by 180° to rev
wafer 4 face side back and the wafer 4 is mounted o
wafer table 12 in a state in which the front surfac
of the wafer 4 is directed downward, the peripheral
marginal area 20 of the wafer 4 is supported by the
annular support section 56, and the device area 18
wafer 4 is located at the recess 62. Thus, even if
wafer 4 is mounted on the wafer table 12 in a state

which the front surface 4a formed with the devices
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directed downward, the devices 14 and the wafer tab
do not make contact with each other, so that damagi
the devices 14 is prevented. In addition, after
supporting the peripheral marginal area 20 by the a
support section 56, the wafer table 12 operates the
suction source to generate a suction force at each
suction holes 60 and to suction-hold the peripheral
marginal area 20, whereby positional deviation of t
wafer 4 is prevented.

Referring to FIG. 5 for description, the pr
apparatus 2 further includes a frame accommodating
66 that accommodates a plurality of ring-shaped fra
each formed with an opening 64a for accommodating t
wafer 4, a frame conveying-out mechanism 68 that co
out the frame 64 from the frame accommodating devic
and a frame table 70 that supports the frame 64 con
out by the frame conveying-out mechanism 68.

As depicted in FIG. 5, the frame accommodat
device 66 in the embodiment illustrated includes a
housing 72, a lift plate 74 disposed in the housing
be liftable up and down, and a lift mechanism (not
illustrated) that moves the lift plate 74 up and do
a side surface on the X-axis directionally depth si

the housing 72 in FIG. 5, a Z-axis guide member 78
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extending in the Z-axis direction is disposed. The
plate 74 is supported by the Z-axis guide member 78
liftable up and down, and the lift mechanism that m
the lift plate 74 up and down is disposed inside th
axis guide member 78. The lift mechanism may have,
example, a ball screw that is connected to the lift

74 and that extends in the Z-axis direction and a m
for rotating the ball screw. On a side surface on

axis directionally viewer’s side of the housing 72

FIG. 5, a door 76 with a handle 76a added thereto i
provided, and, in the frame accommodating device 66

grasping the handle 76a and opening the door 76, th

frame 64 can be accommodated inside the housing 72.

addition, an opening 80 is provided at an upper end
the housing 72.

As depicted in FIG. 5, the frames 64 are
accommodated in the state of being superimposed on
upper surface of the lift plate 74 inside the housi
Of the superimposed plurality of frames 64, the upp
frame 64 is conveyed out by the frame conveying-out
mechanism 68 from the opening 80 of the housing 72.
addition, when the frame 64 is conveyed out from th
opening 80, the frame accommodating device 66

appropriately lifts up the lift plate 74 by the lif
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mechanism, and positions the uppermost frame 64 at
position that it can be conveyed out by the frame
conveying-out mechanism 68.

Referring to FIG. 5 for continuing descript
frame conveying-out mechanism 68 includes an X-axis
member 82 that is fixed to an appropriate bracket (
illustrated) and that extends in the X-axis directi
X-axis movable member 84 supported by the X-axis gu
member 82 movably in the X-axis direction, an X-axi
feeding mechanism (not illustrated) that moves the

movable member 84 in the X-axis direction, a Z-axis

movable member 86 supported by the X-axis movable m

84 movably in the Z-axis direction, and a Z-axis fe
mechanism (not illustrated) that moves the Z-axis m

member 86 in the Z-axis direction. The X-axis feed

mechanism of the frame conveying-out mechanism 68 m

have a ball screw that is connected to the X-axis m
member 84 and that extends in the X-axis direction
motor for rotating the ball screw, whereas the Z-ax
feeding mechanism may have a ball screw that is con
to the Z-axis movable member 86 and that extends in
Z-axis direction and a motor for rotating the ball

The Z-axis movable member 86 of the frame

conveying-out mechanism 68 has a holding section 88
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holds the frame 64. The holding section 88 in the
embodiment illustrated has a rectangular substrate
a plurality of suction pads 92 provided on a lower
surface of the substrate 90, with each suction pad
being connected to a suction source (not illustrate
The frame conveying-out mechanism 68 suctio
by the suction pads 92 of the holding section 88, t
uppermost frame 64 accommodated in the frame

accommodating device 66 and thereafter moves the X-

movable member 84 and the Z-axis movable member 86,

whereby the uppermost frame 64 suction-held is conv
out from the frame accommodating device 66.

As depicted in FIG. 5, the frame table 70 i
supported by the Z-axis guide member 94 to be lifta
and down between a lowered position indicated by a
line and a raised position indicated by an alternat
and short dashes line. An appropriate drive source
example, an air drive source or an electric drive s
for lifting the frame table 70 up and down between
lowered position and the raised position is added t
Z-axis guide member 94. The frame table 70 is conf
to receive, at the lowered position, the frame 64
conveyed out by the frame conveying-out mechanism 6

As illustrated in FIGS. 1 and 5, the proces

22

90 and

92
d).
n-holds,

he

axis

eyed

ble up
solid

e long
(for
ource)
the

o the

igured

sing



apparatus 2 includes a tape attaching mechanism 98
FIG. 1) that is disposed on an upper side of the fr
table 70 and attaches a tape 96 to the frame 64, a
attached frame conveying mechanism 100 (see FIG. 5)
conveys the frame 64 with the tape 96 attached ther
(which may hereinafter be referred to as a “tape-at
frame 64) to the wafer table 12 and mounts the ta
attached frame 64’ on the wafer table 12 with the o
64a of the frame 64 positioned at the back surface
the wafer 4 supported by the wafer table 12, and a
pressure bonding mechanism 102 (see FIG. 1) that pr
bonds the tape 96 of the tape-attached frame 64’ to
back surface 4b of the wafer 4.

Referring to FIGS. 6A and 6B for descriptio
tape attaching mechanism 98 in the embodiment illus
includes a roll tape support section 104 that suppo
roll tape 96R in which the tape 96 before use is ro
a tape take-up section 106 that takes up the used t
96, a tape drawing section 108 that draws out the t
from the roll tape 96R, a pressure bonding section
that pressure bonds the drawn out tape 96 to the fr
64, and a cutting section 112 that cuts the tape 9
protruding to the periphery of the frame 64, along

frame 64.
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As depicted in FIGS. 6A and 6B, the roll ta
support section 104 includes a support roller 114
supported by an appropriate bracket (not illustrate
such as to be rotatable around an axis extending in
X-axis direction. The roll tape 96R rolled in a
cylindrical form with a release paper 116 for prote
the adhesive surface of the tape 96 attached to the
adhesive surface of the tape 96 is supported by the
support roller 114.

The tape take-up section 106 includes a tak
roller 118 supported by an appropriate bracket (not
illustrated) such as to be rotatable around an axis
extending in the X-axis direction; and a motor (not
illustrated) for rotating the take-up roller 118.
depicted in FIGS. 6A and 6B, the tape take-up secti
rotates the take-up roller 118 by the motor, to the
take up the used tape 96 formed with a circular ope
120 corresponding to the part which has been attach
the frame 64.

Referring to FIGS. 6A and 6B for continuing
description, the tape drawing section 108 includes
drawing roller 122 disposed on a lower side of the
support roller 114 of the roll tape support section

a motor (not illustrated) for rotating the drawing
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122, and a driven roller 124 rotated attendant on t
rotation of the drawing roller 122. The tape drawi
section 108 rotates the drawing roller 122 together
the driven roller 124 by the motor, whereby the tap
clamped between the drawing roller 122 and the driv
roller 124 is drawn out from the roll tape 96R.

The release paper 116 is peeled off from th
96 passed between the drawing roller 122 and the dr
roller 124, and the release paper 116 peeled off is
up by a release paper take-up section 126. The rel
paper take-up section 126 in the embodiment illustr
has a release paper take-up roller 128 disposed on
upper side of the driven roller 124; and a motor (n
illustrated) for rotating the release paper take-up
roller 128. In addition, the tape 96 with the rele
paper 116 peeled off therefrom is passed through a
roller 130 disposed with a spacing in the Y-axis
direction from the drawing roller 122, to be guided
the take-up roller 118.

The pressure bonding section 110 includes a
pressing roller 132 disposed movably in the Y-axis
direction and a Y-axis feeding mechanism (not
illustrated) that moves the pressing roller 132 in

axis direction. The Y-axis feeding mechanism of th
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pressure bonding section 110 may include an appropr
drive source (for example, an air drive source or a
electric drive source).

As depicted in FIGS. 6A and 6B, the cutting
112 includes a Z-axis guide member 134 that is fixe
an appropriate bracket (not illustrated) and that e
in the Z-axis direction, a Z-axis movable member 13
supported by the Z-axis guide member 134 movably in
Z-axis direction, and a Z-axis feeding mechanism (n
illustrated) that moves the Z-axis movable member 1
the Z-axis direction. The Z-axis feeding mechanism
cutting section 112 may have a ball screw that is
connected to the Z-axis movable member 136 and that
extends in the Z-axis direction and a motor for rot
the ball screw.

In addition, the cutting section 112 includ
motor 138 fixed to a lower surface of a tip of the
movable member 136 and an arm piece 140 rotated aro
axis extending in the Z-axis direction by the motor
First and second hanging pieces 142a and 142b are a
with a spacing therebetween, to a lower surface of
arm piece 140. A circular cutter 144 is supported
first hanging piece 142a rotatably around an axis

orthogonal to the Z-axis direction, whereas a press
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roller 146 is supported on the second hanging piece
rotatably around an axis orthogonal to the Z-axis
direction.

Before the frame table 70 having received t
64 from the frame conveying-out mechanism 68 is
positioned from the lowered position (the position
depicted in FIG. 6A) to the raised position (the po
depicted in FIG. 6B), the tape attaching mechanism
draws out the unused tape 96 by the drawing roller
and the driven roller 124. Then, the frame table 7
positioned at the raised position to such an extent
the tape 96 can be pressed against the frame 64 by
pressing roller 132 of the pressure bonding section
and the frame 64 is brought into contact with the
pressing roller 132 through the tape 96. Then, whi
pressing the adhesive surface of the tape 96 agains
frame 64, the pressing roller 132 is rolled in the
direction. As a result, the tape 96 drawn out from
roll tape 96R by the tape drawing section 108 can b
pressure bonded to the frame 64.

After the tape 96 is pressure bonded to the
64, the tape attaching mechanism 98 lowers the Z-ax
movable member 136 of the cutting section 112 by th

axis feeding mechanism, presses the cutter 144 agai
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the tape 96 on the frame 64, and presses the frame
from above the tape 96 by the presser roller 146.
the arm piece 140 is rotated by the motor 138, and
cutter 144 and the presser roller 146 are moved suc
to draw a circle along the frame 64. As a result,
tape 96 protruding to the periphery of the frame 64
be cut along the frame 64. In addition, since the

64 is pressed from above the tape 96 by the presser
roller 146, positional deviation of the frame 64 an
tape 96 during cutting of the tape 96 is prevented.
Further, after the frame table 70 is lowered, the u
tape 96 formed with the circular opening 120
corresponding to the part which has been attached t
frame 64 is taken up by the tape take-up section 10

As depicted in FIG. 5, the tape-attached fr

conveying mechanism 100 includes a Y-axis guide mem

148 that is fixed to an appropriate bracket (not
illustrated) and that extends in the Y-axis directi

Y-axis movable member 150 supported by the Y-axis g
member 148 movably in the Y-axis direction, a Y-axi
feeding mechanism (not illustrated) that moves the
movable member 150 in the Y-axis direction, a Z-axi
movable member 152 supported by the Y-axis movable

150 movably in the Z-axis direction, and a Z-axis f
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mechanism (not illustrated) that moves the Z-axis m
member 152 in the Z-axis direction. The Y-axis fee
mechanism of the tape-attached frame conveying mech
100 may have a ball screw that is connected to the
movable member 150 and that extends in the Y-axis
direction and a motor for rotating the ball screw,
whereas the Z-axis feeding mechanism may have a bal
screw that is connected to the Z-axis movable membe
and that extends in the Z-axis direction and a moto
rotating the ball screw.

The Z-axis movable member 152 of the tape-a
frame conveying mechanism 100 has a holding section
that holds the tape-attached frame 64’. The holdin
section 154 in the embodiment illustrated has a
rectangular substrate 156 and a plurality of suctio
158 provided on a lower surface of the substrate 15
each suction pad 158 being connected to a suction s
(not illustrated).

The tape-attached frame conveying mechanism
suction-holds, by the suction pads 158 of the holdi
section 154, the upper surface of the tape-attache
64’ supported by the frame table 70 in a state in w
the adhesive surface of the tape 96 is directed upw

and moves the Y-axis movable member 150 and the Z-a
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movable member 152, whereby the tape-attached frame
suction-held by the holding section 154 is conveyed
the frame table 70 to the wafer table 12, the openi
of the frame 64 is located close to the back surfac
of the wafer 4 supported by the wafer table 12, and
tape-attached frame 64’ is mounted on the wafer tab

Referring to FIGS. 7 to 9, the tape pressur
bonding mechanism 102 will be described. As depict
FIG. 7, the tape pressure bonding mechanism 102 inc
an upper chamber 160 disposed on an upper side of t
wafer table 12, a lower chamber 162 accommodating t
wafer table 12, a lift mechanism 164 that moves up
down the upper chamber 160 to generate a closed sta
which the upper chamber 160 makes contact with the
chamber 162 and an open state in which the upper ch
160 is spaced away from the lower chamber 162, a va
section 166 that establishes a vacuum in the upper
chamber 160 and the lower chamber 162 in the closed
state, and an atmospheric opening section 168 that
the upper chamber 160 and the lower chamber 162 to
atmosphere.

As depicted in FIG. 7, the upper chamber 16
embodiment illustrated includes a circular top plat

and a cylindrical side wall 172 hanging down from a
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peripheral edge of the top plate 170. The lift mec
164 which can include an appropriate actuator such
air cylinder is mounted to an upper surface of the
plate 170. In an accommodating space defined by th
surface of the top plate 170 and an inner circumfer
surface of the side wall 172, a pressing roller 174
pressing the tape 96 of the tape-attached frame 64’
against the back surface 4b of the wafer 4 supporte
the wafer table 12, a support piece 176 supporting
pressing roller 174 in a rotatable manner, and a Y-
feeding mechanism 178 that moves the support piece
the Y-axis direction are disposed.

The Y-axis feeding mechanism 178 includes a
screw 180 that is connected to the support piece 17
that extends in the Y-axis direction and a motor 18
rotating the ball screw 180. In addition, the Y-ax
feeding mechanism 178 converts a rotational motion
motor 182 into a rectilinear motion and transmits t
rectilinear motion to the support piece 176 by the
screw 180, to move the support piece 176 along a pa
guide rails 184 extending in the Y-axis direction.

As depicted in FIG. 7, the lower chamber 16
cylindrical side wall 186, an upper portion of the

wall 186 is opened, and a lower portion of the side
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186 is closed. The side wall 186 is formed with a
connection opening 188. A vacuum section 166 which
include an appropriate vacuum pump is connected to
connection opening 188 through a flow channel 190.
flow channel 190 is provided with the atmospheric o
section 168 which can include an appropriate valve
capable of opening the flow channel 190 to the
atmosphere.

The tape pressure bonding mechanism 102 low
upper chamber 160 by the lift mechanism 164 in a st
which the tape 96 of the tape-attached frame 64’ is
positioned on the back surface 4b of the wafer 4
supported by the wafer table 12, and brings a lower
of the side wall 172 of the upper chamber 160 into
contact with an upper end of the side wall 186 of t
lower chamber 162, to thereby bring the upper chamb
and the lower chamber 162 into the closed state and
the pressing roller 174 into contact with the tape-
attached frame 64'.

Next, the tape pressure bonding mechanism 1
operates the vacuum pump constituting the vacuum se
166 in a state in which the valve constituting the
atmospheric opening section 168 is closed, to estab

vacuum in the inside of the upper chamber 160 and t
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lower chamber 162, and, as depicted in FIGS. 8 and
rolls the pressing roller 174 in the Y-axis directi

the Y-axis feeding mechanism 178, to thereby pressu
bond the tape 96 to the back surface 4b of the wafe
and generate a frame unit U.

When the tape 96 is pressure bonded to the
surface 4b of the wafer 4 by the pressing roller 17
slight gap is generated between the wafer 4 and the
96 at a base of the ring-shaped reinforcement secti
Since the wafer 4 and the tape 96 are pressure bond

a state in which a vacuum is established inside the

chamber 160 and the lower chamber 162, however, the

pressure inside the slight gap between the wafer 4
the tape 96 is lower than the atmospheric pressure,
that when the atmospheric opening section 168 is op
after the tape 96 is pressure bonded, the tape 96 i
pressed against the wafer 4 by the atmospheric pres
As a result, the gap between the wafer 4 and the ta
at the base of the reinforcement section 24 is
eliminated, and the tape 96 makes close contact wit
back surface 4b of the wafer 4 along the base of th
reinforcement section 24.

As depicted in FIGS. 1 and 10, the processi

apparatus 2 further includes a frame unit conveying
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mechanism 192 that conveys out, from the wafer tabl
the frame unit U in which the tape 96 of the tape-

attached frame 64’ and the back surface 4b of the w

have been pressure bonded by the tape pressure bond

mechanism 102, a reinforcement section removing mec

194 that cuts and removes the ring-shaped reinforce
section 24 from the wafer 4 of the frame unit U con
out by the frame unit conveying-out mechanism 192,
ringless unit conveying-out mechanism 196 (see FIG.
that conveys out, from the reinforcement section re

mechanism 194, a ringless unit U’ from which the ri

shaped reinforcement section 24 has been removed, a

frame cassette table 200 (see FIG. 1) on which the
cassette 198 accommodating the ringless unit U’ con
out by the ringless unit conveying-out mechanism 19
to be mounted.

As depicted in FIG. 10, the frame unit conv
out mechanism 192 in the embodiment illustrated inc
a frame unit holding section 202 including a wafer
holding section 202a for holding the wafer 4 and a
holding section 202b for holding the frame 64; and
conveying section 206 that conveys the frame unit h
section 202 onto a temporary placing table 204.

The wafer holding section 202a of the frame
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holding section 202 includes a circular substrate 2
a circular suction piece 210 mounted to a lower sur
of the substrate 208. A lower surface of the sucti
piece 210 is formed with a plurality of suction hol
(not illustrated), and each suction hole is connect
a suction source (not illustrated). The frame hold
section 202b includes a plurality of (in the embodi
illustrated, four) projection pieces 212 projecting
the radial directionally outer side from a peripher
edge of the substrate 208 of the wafer holding sect
202a at intervals in the circumferential direction
suction pads 214 added to lower surfaces of the
projection pieces 212, each suction pad 214 being
connected to a suction source (not illustrated).

The conveying section 206 includes an X-axi
member 216 that is fixed to an appropriate bracket
illustrated) and that extends in the X-axis directi
X-axis movable member 218 supported by the X-axis g
member 216 movably in the X-axis direction, an X-ax
feeding mechanism (not illustrated) that moves the
movable member 218 in the X-axis direction, a Z-axi
movable member 220 supported by the X-axis movable
218 movably in the Z-axis direction, a Z-axis feedi

mechanism (not illustrated) that moves the Z-axis m
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member 220 in the Z-axis direction, a Y-axis movabl

member 222 supported by the Z-axis movable member 2

movably in the Y—axis direction, and a Y-axis feedi
mechanism (not illustrated) that moves the Y-axis m
member 222 in the Y-axis direction. The substrate
the wafer holding section 202a is connected to a ti
the Y-axis movable member 222. Each of the X-axis,
axis, and Z-axis feeding mechanisms of the conveyin
section 206 may have a ball screw and a motor for
rotating the ball screw.

The frame unit conveying-out mechanism 192
preferably includes a two-dimensional moving mechan
that moves the frame unit holding section 202 on a
dimensional basis in horizontal directions and an i
section 224 that images the periphery of the wafer
the frame unit U held by the frame unit holding sec
202; in the embodiment illustrated, the frame unit
holding section 202 is moved on a two-dimensional b
in horizontal directions in an XY plane by the X-ax
feeding mechanism and the Y-axis feeding mechanism
conveying section 206, and the conveying section 20
constitutes a two-dimensional moving mechanism. In
addition, the imaging section 224 in the embodiment

illustrated is disposed between the wafer table 12
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the temporary placing table 204, and images the per
of the wafer 4 of the frame unit U held by the fram
holding section 202, from below the wafer 4.

In a state in which the wafer 4 is suction-
from the back surface 4b side (the tape 96 side) by
suction piece 210 of the wafer holding section 202a
in which the frame 64 is suction-held by the suctio

214 of the frame holding section 202b, the frame un

conveying-out mechanism 192, operates the conveying

section 206, whereby the frame unit U held by the f
unit holding section 202 is conveyed out from the w
table 12.

In addition, the frame unit conveying-out m
192 in the embodiment illustrated operates the conv
section 206 constituting the two-dimensional moving
mechanism, and at least three parts of the peripher
the wafer 4 of the frame unit U held by the frame u
holding section 202 are imaged by the imaging secti
224, whereby the coordinates of the at least three
of the periphery of the wafer 4 are measured, and t
coordinates of the center of the wafer 4 are obtain
based on the coordinates of the three parts measure
Then, the frame unit conveying-out mechanism 192

temporarily places the frame unit U on the temporar
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placing table 204, with the center of the wafer 4
coincident with the center of the temporary placing
204.

As depicted in FIG. 10, the temporary placi
204 is disposed with a spacing from the wafer table
the X-axis direction. The temporary placing table
the embodiment illustrated includes an annular supp
section 226 that supports the peripheral marginal a
of the wafer 4 of the frame unit U while putting th
on the inner side than the peripheral marginal area
a non-contact state; and a frame support section 22
is disposed at the periphery of the annular support
section 226 and supports the frame 64.

The part on the radial directionally inner
than the annular support section 226 is a downwardl
hollowed circular recess 230. It is preferable tha
frame support section 228 of the temporary placing
204 include a heater (not illustrated), and that, b
heating the tape 96 of the frame unit U temporarily
placed on the temporary placing table 204 by the he
to soften the tape 96, the tape 96 be put into furt
close contact with the base of the ring-shaped
reinforcement section 24 by the atmospheric pressur

The processing apparatus 2 in the embodimen
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illustrated includes a temporary placing table conv
section 232 that conveys the temporary placing tabl

in the Y-axis direction. The temporary placing tab
conveying section 232 includes a Y-axis guide membe

extending in the Y-axis direction, a Y-axis movable

member 236 supported by the Y-axis guide member 234

movably in the Y-axis direction, and a Y-axis feedi

mechanism 238 that moves the Y-axis movable member

the Y-axis direction. The temporary placing table
fixed to an upper portion of the Y-axis movable mem
236. The Y-axis feeding mechanism 238 includes a b
screw 240 that is connected to the Y-axis movable m
236 and that extends in the Y-axis direction and a
242 for rotating the ball screw 240. Further, the
temporary placing table conveying section 232 conve
rotational motion of the motor 242 into a rectiline
motion and transmits the rectilinear motion to the
movable member 236 by the ball screw 240, to convey
temporary placing table 204 together with the Y-axi
movable member 236 in the Y-axis direction.

As depicted in FIGS. 1 and 10, the reinforc
section removing mechanism 194 includes a laser bea
applying unit 244 that applies a laser beam toward

of the ring-shaped reinforcement section 24 formed
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periphery of the wafer 4 and forms a cut groove, a
lift table 246 (see FIG. 1) that holds and raises t
frame unit U temporarily placed on the temporary pl
table 204 and moves the frame unit U in the X-axis
direction to position the frame unit U at the laser
applying unit 244, and a separating section 248 tha
separates the ring-shaped reinforcement section 24
the cut groove.

As depicted in FIG. 10, the laser beam appl
unit 244 includes a housing 250 disposed adjacent t
temporary placing table 204 in the X-axis direction
laser oscillator (not illustrated) that is accommod
in the housing 250 and oscillates a laser, a light
concentrator 252 that concentrates the laser beam
generated by laser oscillation by the laser oscilla
and applies the laser beam to a base of the ring-sh
reinforcement section 24 formed at the periphery of
wafer 4, a suction nozzle 254 which sucks debris
generated when the laser beam is applied to the waf
and a suction source (not illustrated) connected to
suction nozzle 254.

The light concentrator 252 extends from an
surface of the housing 250 toward an upper side whi

inclining to the suction nozzle 254 side, whereby t
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debris generated when the laser beam is applied is
restrained from falling onto the light concentrator
In addition, the suction nozzle 254 extends from an
surface of the housing 250 toward an upper side whi
inclining to the light concentrator 252 side.

As depicted in FIG. 11, the laser beam appl
unit 244 applies a laser beam LB toward the base of
ring-shaped reinforcement section 24 formed at the
periphery of the wafer 4, while the frame unit U he
the first lift table 246 is rotated, and forms a ri
shaped cut groove 256 along the base of the reinfor
section 24 by ablation. In addition, the laser bea
applying unit 244 sucks the debris generated by abl
by the suction nozzle 254.

As depicted in FIG. 1, the first lift table
disposed movably in the X-axis direction and movabl
the Z-axis direction on an upper side of the tempor
placing table 204. Referring to FIG. 12 for descri
the first lift table 246 includes an X-axis guide m
258 that is fixed to an appropriate bracket (not

illustrated) and that extends in the X-axis directi

X-axis movable member 260 supported by the X-axis g

member 258 movably in the X-axis direction, an X-ax

feeding mechanism (not illustrated) that moves the
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movable member 260 in the X-axis direction, a Z-axi
movable member 262 supported by the X-axis movable
260 movably in the Z-axis direction, and a Z-axis f
mechanism (not illustrated) that moves the Z-axis m
member 262 in the Z-axis direction. Each of the X-

and Z-axis feeding mechanisms of the first lift tab

may have a ball screw and a motor for rotating the
screw.

A support shaft 264 extending downward is r
supported on a lower surface of a tip of the Z-axis
movable member 262, and a motor 266 for rotating th
support shaft 264 around an axis extending in the Z
direction is attached to an upper surface of the ti
the Z-axis movable member 262. A circular suction
268 is fixed to a lower end of the support shaft 26
lower surface of the suction piece 268 is formed wi
plurality of suction holes (not illustrated) on a
circular circumference corresponding to the size of
frame 64 at intervals in the circumferential direct
and each of the suction holes is connected to a suc
source.

The first lift table 246 moves the Z-axis m

member 262 and the X-axis movable member 260, after

tape 96 is heated by a heater of the frame support
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section 228 of the temporary placing table 204 and
frame 64 part of the frame unit U with the tape 96
close contact with a base of the ring-shaped
reinforcement section 24 is suction-held by the suc
piece 268, and raises the frame unit U suction-held
the suction piece 268 and moves the frame unit U in
X-axis direction, thereby positioning the frame uni
the laser beam applying unit 244. Note that, in th
where the frame 64 is made of a magnetic material,
electromagnet (not illustrated) may be added to the
surface of the suction piece 268, and the frame 64
attracted by the magnetic force of the suction piec

In addition, the first lift table 246 opera
motor 266 when the laser beam LB is applied to the
4 by the laser beam applying unit 244, and rotates
frame unit U suction-held by the suction piece 268.
Further, the first lift table 246 moves the frame u
with the cut groove 256 formed at the base of the
reinforcement section 24, in the X-axis direction a
Z-axis direction to temporarily place the frame uni
the temporary placing table 204.

As depicted in FIG. 1, the separating secti
is disposed with a spacing from the first lift tabl

in the Y-axis direction within a movable range in t
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axis direction of the temporary placing table 204.
Referring to FIGS. 13 and 15 for description, the
separating section 248 includes an ultraviolet ray

applying section 270 (see FIG. 13) that applies

ultraviolet rays to the tape 96 corresponding to th e cut
groove 256 to reduce the adhesive force of the tape 96, a
second lift table 272 (see FIG. 13) that suction-ho lds

the inside of the wafer 4, with the ring-shaped

reinforcement section 24 exposed on the periphery, and
supports the frame 64, a separator 274 (see FIG. 13 ) that
acts on the periphery of the ring-shaped reinforcem ent
section 24 to separate the ring-shaped reinforcemen t
section 24, and a discarding section 276 (see FIG. 15)
where the separated ring-shaped reinforcement secti on 24
is discarded.

As depicted in FIG. 13, the separating sect ion 248
in the embodiment illustrated includes a Z-axis gui de
member 278 that is fixed to an appropriate bracket (not
illustrated) and that extends in the Z-axis directi on, a
Z-axis movable member 280 supported on the Z-axis g uide
member 278 movably in the Z-axis direction, and a Z -axis
feeding mechanism (not illustrated) that moves the Z-axis
movable member 280 in the Z-axis direction. The Z- axis
feeding mechanism may have a ball screw that is con nected

44



to the Z-axis movable member 280 and that extends i
Z-axis direction and a motor for rotating the ball

On a lower surface of a tip of the Z-axis m
member 280, the support piece 282 is supported, the
support shaft 286 is rotatably supported, and the s
lift table 272 is connected to the support shaft 28
an upper surface of the tip of the Z-axis movable m
280, a motor 284 for rotating the second lift table
together with the support shaft 286 is attached. T
support piece 282 in the embodiment illustrated, a
of the ultraviolet ray applying sections 270 are ad
with a spacing therebetween in the Y-axis direction

The second lift table 272 is circular in sh
the diameter of the second lift table 272 is slight
smaller than the diameter of the device area 18 (th
on the inner side than the ring-shaped reinforcemen
section 24) of the wafer 4. A lower surface of the
lift table 272 is formed with a plurality of suctio
holes (not illustrated), and each of the suction ho
connected to a suction source.

In addition, the separator 274 is mounted t
support piece 282. The separator 274 includes a pa
movable pieces 288 disposed on a lower surface of t

support piece 282 with a spacing therebetween and i
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movable manner in the longitudinal direction of the
support piece 282; and a pair of feeding mechanisms
that move the pair of movable pieces 288. Each of
pair of feeding mechanisms 290 may include an appro
actuator such as an air cylinder and an electric
cylinder.

The separator 274 includes a pair of clampi
rollers 292a and 292b supported on the movable piec
with a vertical spacing therebetween, and a Z-axis
feeding mechanism 294 that moves the clamping rolle
on the upper side in the Z-axis direction. The Z-a
feeding mechanism 294 may include an appropriate ac
such as an air cylinder and an electric cylinder.
the clamping rollers 292a and 292b is supported by
movable piece 288 rotatably around an axis extendin
the Y-axis direction. A pressing roller 298 is mou
the clamping roller 292a on the upper side through
support shaft 296.

Referring to FIG. 15 for description, the
discarding section 276 includes a belt conveyor 300
conveys the separated ring-shaped reinforcement sec
24 and a dust box 302 that accommodates the ring-sh
reinforcement section 24 conveyed by the belt conve

300. The belt conveyor 300 is positioned by an
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appropriate actuator (not illustrated) to a recover y

position (the position indicated by a solid line in FIG.
15) that extends substantially horizontally and a s tandby
position (the position indicated by an alternate lo ng and
short dashes line in FIG. 15) that extends substant ially
vertically. A door 304 with a handle 304a added th ereto
Is provided at a side surface on the X-axis directi onally

viewer’s side of the dust box 302 in FIG. 15. A
pulverizer (not illustrated) for pulverizing the

recovered ring-shaped reinforcement section 24 is

attached inside the dust box 302. The dust box 302 IS
configured such that, by grasping the handle 304a a nd
opening the door 304, the pulverization debris of t he
ring-shaped reinforcement section 24 accommodated i n the

dust box 302 can be taken out.

When the temporary placing table 204 on whi ch the
frame unit U with the cut groove 256 formed at the base
of the reinforcement section 24 is temporarily plac edis
positioned on a lower side of the separating sectio n 248
by the temporary placing table conveying section 23 2, the
separating section 248 suction-holds the back surfa ce 4b
side of the wafer 4 of the frame unit U by the seco nd
lift table 272 and clamps the frame 64 by the clam ping
rollers 292a and 292b of the separator 274, as depi cted

a7



in FIG. 14. Thereafter, ultraviolet rays are appli
the pair of ultraviolet ray applying sections 270 t
reduce the adhesive force of the tape 96 attached t
ring-shaped reinforcement section 24, and, while th
ring-shaped reinforcement section 24 is pressed dow
by the pressing roller 298, the frame unit U is rot
together with the support shaft 286 and the second
table 272 by the motor 284 relative to the separato
whereby the ring-shaped reinforcement section 24 is
separated from the frame unit U. The reinforcement
section 24 thus separated is conveyed to and recove
the dust box 302 by the belt conveyor 300. Note th
when separating the reinforcement section 24, the
separator 274 may be rotated relative to the frame
u.

As depicted in FIG. 1, the ringless unit co
out mechanism 196 is disposed adjacent to the
reinforcement section removing mechanism 194. Refe

to FIGS. 16 and 17 for description, the ringless un

conveying-out mechanism 196 in the embodiment illus

includes a reversing mechanism 308 (see FIG. 16) th
includes a frame holding section 306 facing the rin
unit U’ supported by the second lift table 272 and

holding the frame 64, moves toward the frame casset
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table 200, and reverses the frame holding section 3
ringless unit support section 310 (see FIG. 17) tha
reversed by the reversing mechanism 308 and support
ringless unit U’ with the front surface 4a of the w
directed upward, and a pushing-in section 312 (see
17) that causes the ringless unit U’ supported by t
ringless unit support section 310 to enter and to b
accommodated in the frame cassette 198 mounted on t
frame cassette table 200.

As depicted in FIG. 16, the reversing mecha
includes a Y-axis guide member 314 extending in the
axis direction, a Y-axis movable member 316 support
the Y-axis guide member 314 movably in the Y-axis
direction, a Y-axis feeding mechanism (not illustra
that moves the Y-axis movable member 316 in the Y-a
direction, an arm 318 that is supported by the Y-ax
movable member 316 movably in the Z-axis direction,
Z-axis feeding mechanism (not illustrated) that mov
arm 318 in the Z-axis direction. Each of the Y-axi
Z-axis feeding mechanisms of the reversing mechanis
may have a ball screw and a motor for rotating the
screw.

The frame holding section 306 is supported

arm 318 such as to be reversible upside down, and a
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320 that reverses the frame holding section 306 ups
down is attached to the arm 318. The frame holding
section 306 in the embodiment illustrated includes
substrate 324 supported by the arm 318 rotatably th
a pair of rotary shafts 322; and a plurality of suc
pads 326 added to one surface of the substrate 324,
each suction pad 326 being connected to a suction s
(not illustrated). In addition, one of the rotary

322 is connected to the motor 320.

In a state in which the suction pads 326 ar
directed upward, the reversing mechanism 308 suctio
holds the lower surface of the frame 64 of the ring
unit U’ supported by the second lift table 272 by t
suction pads 326, and receives the ringless unit U’
the second lift table 272. In addition, after the
holding section 306 is reversed by the motor 320 to
direct the front surface 4a of the wafer 4 upward,
reversing mechanism 308 moves the Y-axis movable me
316, to thereby move the ringless unit U’ held by t
frame holding section 306 toward the frame cassette
200.

As depicted in FIG. 17, the ringless unit s
section 310 in the embodiment illustrated includes

of support plates 328 supported movably in the X-ax
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direction through appropriate brackets (not illustr
and a gap adjusting mechanism (not illustrated) tha
adjusts the gap between the pair of support plates
the X-axis direction. The gap adjusting mechanism
include an appropriate actuator such as an air cyli
or an electric cylinder.

A heater (not illustrated) is mounted to th
of support plates 328 that support the ringless uni
In a state in which the spacing between the pair of
support plates 328 is narrowed, the pair of support
plates 328 heat the tape 96 of the ringless unit U’
the heater, whereby sag and wrinkles of the tape 96
generated by removal of the reinforcement section 2
stretched.

Referring to FIG. 17 for continuing descrip
the pushing-in section 312 in the embodiment illust
includes a Y-axis guide member 330 extending in the
axis direction, a Y-axis movable member 332 support
the Y-axis guide member 330 movably in the Y-axis
direction, and a Y—axis feeding mechanism (not
illustrated) that moves the Y-axis movable member 3
the Y-axis direction. The Y-axis movable member 33

includes a substrate 334 supported by the Y-axis gu

member 330, a support column 336 extending upward f
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upper surface of the substrate 334, and a pressing
338 added to an upper end of the support column 336
Y-axis feeding mechanism of the pushing-in section
may have a ball screw that is connected to the Y-ax
movable member 332 and that extends in the Y-axis
direction and a motor for rotating the ball screw.

As depicted in FIG. 18, the ringless unit s
section 310 widens the gap between the pair of supp
plates 328 by the gap adjusting mechanism before
receiving the ringless unit U’, and thereafter rece
the ringless unit U’ held by the suction pads 326.
the pushing-in section 312 moves the Y-axis movable
member 332 in the Y-axis direction by the Y-axis fe
mechanism, whereby the ringless unit U’ supported b
ringless unit support section 310 is caused, by the
pressing piece 338, to enter and to be accommodated
the frame cassette 198 mounted on the frame cassett
table 200.

In the frame cassette 198 depicted in FIGS.
18, a plurality of the ringless units U’ in a state
which the front surfaces 4a of the wafers 4 are dir
upward are accommodated at intervals in the vertica
direction. As depicted in FIGS. 17 and 18, the fra

cassette table 200 includes a mount section 340 on
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the frame cassette 198 is to be mounted and a lifti
section 342 that moves the mount section 340 up and
to position the mount section 340 at any height. T
lifting section 342 may have a ball screw that is
connected to the mount section 340 and that extends
the Z-axis direction and a motor for rotating the b
screw.

Next, a processing method of attaching a ta
(dicing tape) 96 to the back surface 4b of the wafe
formed with the ring-shaped reinforcement section 2
projection form on the back surface 4b correspondin
the peripheral marginal area 20, to unite the tape
the frame 64, and cutting the ring-shaped reinforce
section 24 to remove the reinforcement section 24 f
the wafer 4, by use of the abovementioned processin
apparatus 2, will be described.

In the embodiment illustrated, first, as de
in FIGS. 1 and 3, a wafer cassette mounting step in
the wafer cassette 6 accommodating the plurality of
wafers 4 is mounted on the wafer cassette table 8 i
carried out. In the wafer cassette 6, the pluralit
wafers 4 with the front surfaces 4a directed upward
accommodated at vertical intervals.

In addition, as depicted in FIGS. 1 and 5,
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accommodating step of accommodating, in the frame
accommodating device 66, a plurality of ring-shaped
frames 64 each formed with the opening 64a for
accommodating the wafer 4 is carried out. The fram
accommodating step may be performed before the wafe
cassette mounting step, or may be conducted after t
wafer cassette mounting step.

In the frame accommodating step, the lift p
of the frame accommodating device 66 is lowered to
position, after which the handle 76a is grasped and
door 76 is opened, and a plurality of frames 64 are
stacked on an upper surface of the lift plate 74 an
accommodated. In addition, the height of the lift
74 is appropriately adjusted, to position the upper
frame 64 at such a position that it can be conveyed
by the frame conveying-out mechanism 68.

After the wafer cassette mounting step and
frame accommodating step are performed, a wafer
conveying-out step in which the wafer 4 is conveyed
from the wafer cassette 6 mounted on the wafer cass
table 8 is conducted.

Referring to FIG. 3 for description, in the
conveying-out step, first, the Y-axis feeding mecha

34 of the wafer conveying-out mechanism 10 is opera
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to position the Y-axis movable member 32 in the vic
of the wafer cassette table 8. Next, the conveying
is operated, and the hand 44 with the air jet ports
directed upward is positioned on the back surface 4
(lower side) of the wafer 4 in the wafer cassette 6
the hand 44 is positioned on the back surface 4b si
the wafer 4, a gap is present between the back surf
of the wafer 4 and the hand 44, and each of the gui
pins 48 is preliminarily positioned on the radial
directionally outer side.

Next, compressed air is jetted from the air
ports 46 of the hand 44 to generate a negative pres
on one surface side of the hand 44 by Bernoulli eff
and the wafer 4 is suction-supported from the back
surface 4b side by the hand 44 on a non-contact bas
Next, each of the guide pins 48 is moved toward the
radial directionally inner side, and horizontal mov
of the wafer 4 suction-supported by the hand 44 is
restricted by each of the guide pins 48. Then, the
movable member 32 and the conveying arm 42 of the w
conveying-out mechanism 10 are moved, and the wafer
suction-supported by the hand 44 is conveyed out fr
wafer cassette 6.

After the wafer conveying-out step is perfo
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cutout detection step of detecting the position of
cutout 26 of the wafer 4 is preferably conducted.
cutout detection step, as depicted in FIG. 4, the
periphery of the wafer 4 suction-supported by the h
Is positioned between the light emitting element 52
the light receiving element 54 of the cutout detect
unit 50. Next, the wafer 4 is rotated by the drive
through the guide pins 48, whereby the position of
cutout 26 in the wafer 4 is detected. As a result,
orientation of the wafer 4 can be adjusted to any
direction.

After the cutout detection step is performe
wafer supporting step in which the front surface 4a
of the wafer 4 conveyed out by the wafer conveying-
mechanism 10 is supported by the wafer table 12 is
carried out.

Referring to FIG. 3 for description, in the
supporting step, first, the hand 44 of the wafer
conveying-out mechanism 10 is reversed upside down,
direct the front surface 4a of the wafer 4 downward
Next, the Y-axis movable member 32 and the conveyin
42 of the wafer conveying-out mechanism 10 are move
the peripheral marginal area 20 of the front surfac

of the wafer 4 suction-supported by the hand 44 is
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brought into contact with the annular support secti on 56

of the wafer table 12. In this instance, since the device
area 18 on the front surface 4a of the wafer 4 is | ocated
at the recess 62 of the wafer table 12, the devices 14
and the wafer table 12 do not make contact with eac h
other, so that damaging of the devices 14 is preven ted.
Then, the suction source of the wafer table 12 is
operated, to generate a suction force at each sucti on
hole 60, whereby the peripheral marginal area 20 of the

front surface 4a of the wafer 4 is suction-held.

Subsequently, suction-support of the wafer 4 by the hand
44 is cancelled, and the hand 44 is spaced away fro m the
wafer table 12. In this way, the wafer 4 is transf erred
from the wafer conveying-out mechanism 10 to the wa fer
table 12. Since the wafer 4 transferred to the waf er
table 12 is suction-held by the suction holes 60, t he

position of the wafer 4 would not be deviated.

After the wafer cassette mounting step and the
frame accommodating step are performed, a frame
conveying-out step of conveying out the frame 64 fr om the
frame accommodating device 66 is carried out concur rently
with the wafer conveying-out step and the wafer
supporting step.

Referring to FIG. 5 for description, in the frame
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conveying-out step, first, the X-axis movable membe
and the Z-axis movable member 86 of the frame conve
out mechanism 68 are moved, to bring the suction pa
of the holding section 88 into contact with the upp
surface of the uppermost frame 64 accommodated in t
frame accommodating device 66. Next, the suction s
of the frame conveying-out mechanism 68 is operated
generate a suction force at the suction pads 92, wh
the uppermost frame 64 is suction-held by the sucti
pads 92. Then, the X-axis movable member 84 and th
axis movable member 86 of the frame conveying-out
mechanism 68 are moved, whereby the uppermost frame
suction-held by the suction pads 92 of the holding
section 88 is conveyed out from the frame accommoda
device 66.

After the frame conveying-out step is perfo
frame supporting step of supporting the frame 64 co
out by the frame conveying-out mechanism 68 by the
table 70 is carried out.

Referring to FIG. 5 for continuing descript
the frame supporting step, first, the X-axis movabl
member 84 and the Z-axis movable member 86 of the f
conveying-out mechanism 68 are moved, to bring the

64 suction-held by the suction pads 92 into contact
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the upper surface of the frame table 70. In this
instance, the frame table 70 is preliminarily posit
at the lowered position (the position indicated by

solid line in FIG. 5). Next, the suction force of

suction pads 92 of the frame conveying-out mechanis

is cancelled, and the frame 64 is placed on the fra

table 70. Then, the X-axis movable member 84 and t
axis movable member 86 of the frame conveying-out

mechanism 68 are moved, to space the holding sectio

away from the upper side of the frame table 70.

After the frame supporting step is performe
tape attaching step of attaching the tape 96 to the
64 is carried out.

Referring to FIGS. 6A and 6B for descriptio
the tape attaching step, first, before moving the f
table 70 from the lowered position (the position
indicated in FIG. 6A) to the raised position (the
position indicated in FIG. 6B) where the tape 96 ca
attached to the frame 64, the tape 96 is preliminar
drawn out from the roll tape 96R and the tape 96 fr
which the release paper 116 has been peeled off is
preliminarily positioned on an upper side of the fr
table 70. Note that the tape 96 positioned on the

side of the frame table 70 has the adhesive surface
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directed downward.

Next, the frame table 70 is raised to such
extent that the tape 96 can be pressed against the
64 from above by the pressing roller 132 of the pre
bonding section 110 of the tape attaching mechanism
Then, while pressing the adhesive surface of the ta
against the frame 64, the pressing roller 132 is ro
in the Y-axis direction. As a result, the tape 96
out from the roll tape 96R by the tape drawing sect
108 can be pressure bonded to the frame 64.

Next, the cutter 144 and the presser roller
the cutting section 112 of the tape attaching mecha
98 are lowered, to press the cutter 144 against the
96 on the frame 64 and to press the frame 64 from a
the tape 96 by the presser roller 146. Subsequentl
arm piece 140 is rotated by the motor 138, and the
144 and the presser roller 146 are moved such as to
a circle along the frame 64. As a result, the tape
protruding to the periphery of the frame 64 can be
along the frame 64. In addition, since the frame 6
pressed from above the tape 96 by the presser rolle
positional deviation of the frame 64 and the tape 9
during cutting of the tape 96 is prevented. Note t

used tape 96 formed with the circular opening 120 i
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taken up by the tape take-up section 106.

After the tape attaching step is performed,
attached frame conveying step is carried out to con
the frame 64 with the tape 96 attached thereto to t
wafer table 12 and to mount the tape-attached frame
on the wafer table 12, with the opening 64a of the
64 positioned at the back surface 4b of the wafer 4
supported by the wafer table 12.

In the tape-attached frame conveying step,
the frame table 70 is moved from the raised positio
the lowered position. Next, the Y-axis movable mem
and the Z-axis movable member 152 of the tape-attac
frame conveying mechanism 100 (see FIG. 5) are move
bring each of the suction pads 158 of the holding s
154 of the tape-attached frame conveying mechanism
into contact with the upper surface of the tape-att
frame 64’ (see FIG. 7) supported on the frame table
with the adhesive surface of the tape 96 directed
downward.

Then, the suction source of the tape-attach
conveying mechanism 100 is operated, to generate su
forces at the suction pads 158, whereby the upper s
of the tape-attached frame 64’ is suction-held by t

suction pads 158. Subsequently, the Y-axis movable
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150 and the Z-axis movable member 152 of the tape-

attached frame conveying mechanism 100 are moved, a

tape-attached frame 64’ suction held by the suction
158 is conveyed out from the frame table 70.

Then, the tape-attached frame 64’ suction-h
the suction pads 158 of the tape-attached frame con
mechanism 100 is conveyed to the wafer table 12, an
depicted in FIG. 7, the tape-attached frame 64’ is
into contact with the frame support section 58 of t
wafer table 12, while the opening 64a of the frame
positioned at the back surface 4b of the wafer 4
supported by the wafer table 12. In this instance,
adhesive surface of the tape 96 of the tape-attache
frame 64’ is directed downward, and the back surfac
of the wafer 4 is directed upward to face the adhes
surface of the tape 96.

Subsequently, the suction force of the suct
158 of the tape-attached frame conveying mechanism
cancelled, and the tape-attached frame 64’ is mount
the frame support section 58 of the wafer table 12.
the Y-axis movable member 150 and the Z-axis movabl
member 152 of the tape-attached frame conveying mec
100 are moved, to space the holding section 154 awa

the upper side of the wafer table 12.
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After the tape-attached frame conveying ste
performed, a tape pressure bonding step of pressure
bonding the tape 96 of the tape-attached frame 64’
back surface 4b of the wafer 4 is carried out.

Referring to FIGS. 7 to 9 for description,
tape pressure bonding step, first, the upper chambe
is lowered by the lift mechanism 164 of the tape pr
bonding mechanism 102, and a lower end of the side
172 of the upper chamber 160 is brought into contac
an upper end of the side wall 186 of the lower cham
162. As a result, the upper chamber 160 and the lo
chamber 162 are put into a closed state, and the pr
roller 174 is put into contact with the tape-attach
frame 64’. As a result, as depicted in FIG. 8, an
end of the ring-shaped reinforcement section 24 of
wafer 4 is attached to the adhesive surface of the
96.

Next, the vacuum section 166 is operated in
in which the atmospheric opening section 168 of the
pressure bonding mechanism 102 is closed, to thereb
establish a vacuum in the inside of the upper chamb
and the lower chamber 162. Subsequently, as depict
FIGS. 8 and 9, the pressing roller 174 of the tape

pressure bonding mechanism 102 is rolled in the Y-a
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direction, whereby the tape 96 is pressure bonded t
back surface 4b of the wafer 4. As a result, a fra

U in which the back surface 4b of the wafer 4 and t
tape 96 are pressure bonded can be produced. Then,
atmospheric opening section 168 is opened, and the
96 is put into close contact with the back surface

the wafer 4 along the base of the ring-shaped
reinforcement section 24 by the atmospheric pressur
Following this, the upper chamber 160 is raised by
lift mechanism 164. Note that, while the suction f
the wafer 4 by the wafer table 12 is lost due to th

establishment of a vacuum in the inside of the uppe

chamber 160 and the lower chamber 162, the upper en

the ring-shaped reinforcement section 24 of the waf
is attached to the adhesive surface of the tape 96
tape-attached frame 64’ when the upper chamber 160
the lower chamber 162 are put into the closed state
thus, the position of the wafer 4 would not be devi
during the tape pressure bonding step.

After the tape pressure bonding step is per
a frame unit conveying-out step is carried out to ¢
the frame unit U in which the tape 96 of the tape-
attached frame 64’ and the back surface 4b of the w

are pressure bonded out from the wafer table 12.
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Referring to FIG. 5 for description, in the
unit conveying-out step, first, the conveying secti
of the frame unit conveying-out mechanism 192 is
operated, to bring the lower surface of the suction
210 of the wafer holding section 202a of the frame
holding section 202 into contact with the tape 96 o
back surface 4b side of the wafer 4, and to bring t
suction pads 214 of the frame holding section 202b
contact with the frame 64.

Next, a suction force is generated at the s
piece 210 of the wafer holding section 202a and the
suction pads 214 of the frame holding section 202b,
the back surface 4b side (the tape 96 side) of the
4 is suction-held by the suction piece 210 of the w
holding section 202a, and the frame 64 is suction-h
the suction pads 214 of the frame holding section 2
Subsequently, the suction-holding of the wafer 4 by
wafer table 12 is cancelled. Then, the conveying s
206 is operated, to convey out the frame unit U hel
the frame unit holding section 202 from the wafer t
12.

After the frame unit conveying-out step is
performed, a temporary placing step is conducted to

the center of the wafer 4 coincide with the center

65

frame

on 206

piece
unit

n the
he

into

uction

and
wafer
afer
eld by
02b.

the
ection
d by

able

make

of the



temporary placing table 204 and to temporarily plac
frame unit U on the temporary placing table 204.

Referring to FIG. 10 for description, in th
temporary placing step, first, the frame unit U hel
the frame unit holding section 202 is positioned on
upper side of the imaging section 224. Next, the
conveying section 206 constituting the two-dimensio
moving mechanism of the frame unit conveying-out
mechanism 192 is operated, and at least three parts
the periphery of the wafer 4 of the frame unit U he
the frame unit holding section 202 are imaged by th
imaging section 224. As a result, the coordinates
at least three points of the periphery of the wafer
measured. Subsequently, the coordinates of the cen
the wafer 4 are obtained based on the coordinates o
three points measured.

Then, the conveying section 206 is operated
position the center of the wafer 4 to the center of
annular support section 226 of the temporary placin
table 204, thereby bringing the peripheral marginal
20 of the front surface 4a of the wafer 4 into cont
with the upper surface of the annular support secti
of the temporary placing table 204, and bringing th

lower surface of the frame 64 into contact with the
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surface of the frame support section 228 of the tem
placing table 204. In this instance, though the fr
surface 4a of the wafer 4 is directed downward, the
device area 18 is positioned at the recess 230 of t

temporary placing table 204, and, thus, the devices

and the temporary placing table 204 would not make

contact with each other, so that damaging of the de
14 is prevented.

Subsequently, the suction-holding of the wa
the wafer holding section 202a is cancelled, the su
holding of the frame 64 by the frame holding sectio
is cancelled, and the frame unit U is transferred f
the frame unit conveying-out mechanism 192 to the
temporary placing table 204. Following this, the h
of the frame support section 228 is operated, and t
tape 96 of the frame unit U temporarily placed on t
temporary placing table 204 is heated by the heater
result, the tape 96 is softened, and the tape 96 is
into close contact with the base of the ring-shaped
reinforcement section 24 of the wafer 4.

After the temporary placing step is perform

reinforcement section removing step is carried out

and remove the ring-shaped reinforcement section 24

the wafer 4 of the frame unit U conveyed out by the
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unit conveying-out mechanism 192.
Referring to FIGS. 1, 10, and 12 for descri

in the reinforcement section removing step, first,

axis movable member 260 and the Z-axis movable memb

of the first lift table 246 of the reinforcement se

removing mechanism 194 are moved, to bring the lowe

surface of the suction piece 268 into contact with
upper surface of the frame 64 of the frame unit U
temporarily placed on the temporary placing table 2
Next, a suction force is generated at each of the s
holes of the suction piece 268 of the first lift ta

246, and the part of the frame 64 of the frame unit
suction-held.

Subsequently, the X-axis movable member 260
Z-axis movable member 262 of the first lift table 2
operated, to position the frame unit U suction-held
the suction piece 268 on an upper side of the laser
applying unit 244, as depicted in FIG. 11. Next, t
concentrating point of the laser beam LB is positio
the base of the ring-shaped reinforcement section 2
the wafer 4 of the frame unit U.

Then, while the suction piece 268 and the f
unit U are rotated by the motor 266 of the first li

table 246, the laser beam LB is applied to the base
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the ring-shaped reinforcement section 24 of the waf

As a result, ablation is applied to the base of the

shaped reinforcement section 24 of the wafer 4, whe

ring-shaped cut groove 256 can be formed. In addit
when the laser beam LB is applied to the wafer 4, t
suction source of the laser beam applying unit 244

operated to generate a suction force at the suction

nozzle 254, whereby the debris generated by ablatio

sucked by the suction nozzle 254.

Following this, the X-axis movable member 2
the Z-axis movable member 262 of the first lift tab
are moved, to bring the peripheral marginal area 20
the front surface 4a of the wafer 4 of the frame un
suction-held by the suction piece 268 into contact
the upper surface of the annular support section 22
the temporary placing table 204, and to bring the |
surface of the frame 64 into contact with the upper
surface of the frame support section 228 of the tem
placing table 204. Subsequently, the suction force
suction piece 268 of the first lift table 246 is
cancelled, and the frame unit U is transferred from
first lift table 246 to the temporary placing table

Then, the temporary placing table 204 havin

received the frame unit U is positioned on a lower
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of the separating section 248 of the reinforcement
section removing mechanism 194 by the temporary pla
table conveying section 232 (see FIG. 10). Note th
this instance, the belt conveyor 300 of the discard
section 276 is preliminarily positioned at a standb
position. Subsequently, the second lift table 272
separating section 248 is lowered, and the lower su
of the second lift table 272 is put into contact wi
tape 96 at the part of the back surface 4b of the w
4. Then, a suction force is generated at the lower
surface of the second lift table 272, to suction-ho
back surface 4b side of the wafer 4 of the frame un
by the second lift table 272.

Following this, the second lift table 272 s
holding the wafer 4 of the frame unit U is raised,
space the frame unit U away from the temporary plac
table 204, and to move the temporary placing table
a lower side of the first lift table 246. Next, as
depicted in FIG. 14, the pair of feeding mechanisms
and the Z-axis feeding mechanism 294 of the separat
are operated, to vertically clamp the frame 64 by t
upper and lower clamping rollers 292a and 292b. Fu
the belt conveyor 300 of the discarding section 276

moved from the standby position to be positioned at
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recovery position.

Subsequently, ultraviolet rays are applied
pair of ultraviolet ray applying sections 270 to re
the adhesive force of the tape 96 attached to the r
shaped reinforcement section 24, and, while the rin
shaped reinforcement section 24 is pressed downward
the pressing roller 298, the frame unit U is rotate
together with the support shaft 286 and the second
table 272 by the motor 284 relative to the separato
As a result, the ring-shaped reinforcement section
be separated from the frame unit U. The reinforcem
section 24 falling off from the frame unit U is con
by the belt conveyor 300 to and recovered by the du
302. Note that, when the reinforcement section 24
be separated, the separator 274 may be rotated rela
to the frame unit U.

After the reinforcement section removing st
performed, a ringless unit conveying-out step of
conveying out the ringless unit U’ with the ring-sh
reinforcement section 24 removed therefrom from the
reinforcement section removing mechanism 194 is car
out.

In the ringless unit conveying-out step, fi

belt conveyor 300 of the discarding section 276 of
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reinforcement section removing mechanism 194 is mov
from the recovery position to be positioned at the
standby position. Next, the frame holding section

the reversing mechanism 308 (see FIG. 16) of the ri
unit conveying-out mechanism 196 is positioned on a
side of the ringless unit U’ suction-held by the se

lift table 272.

Subsequently, the arm 318 is raised with th
suction pads 326 of the frame holding section 306
directed upward, and the suction pads 326 of the fr
holding section 306 are put into contact with the |
surface side of the frame 64 of the ringless unit U
is supported by the second lift table 272 and that
the front surface 4a of the wafer 4 directed downwa

Then, a suction force is generated at the s
pads 326 of the frame holding section 306, whereby
frame 64 of the ringless unit U’ is suction-held by
suction pads 326. Subsequently, the suction holdin
the ringless unit U’ by the second lift table 272 i
cancelled. As a result, the ringless unit U’ is
transferred from the second lift table 272 of the
reinforcement section removing mechanism 194 to the
holding section 306 of the ringless unit conveying-

mechanism 196.
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After the ringless unit conveying-out step
performed, a ringless unit accommodating step is ca
out to accommodate the ringless unit U’ out by the
ringless unit conveying-out mechanism 196.

In the ringless unit accommodating step, fi

reversing mechanism 308 of the ringless unit convey

out mechanism 196 is reversed upside down, whereby

ringless unit U’ suction-held by the frame holding
section 306 is reversed upside down. As a result,
ringless unit U’ is positioned on a lower side of t
frame holding section 306, and the front surface 4a
the wafer 4 is directed upward.

Next, the Y-axis movable member 316 and the
of the reversing mechanism 308 are moved, to bring
ringless unit U’ into contact with the upper surfac
the pair of support plates 328 of the ringless unit
support section 310. In this instance, the gap bet
the pair of support plates 328 is narrowed by the g
adjusting mechanism, and the pair of support plates
are in close contact with each other. Then, the su
holding of the ringless unit U’ by the frame holdin
section 306 is cancelled, and the ringless unit U’
mounted on the pair of support plates 328. Subsequ

the heater mounted to each of the support plates 32
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operated, to heat the tape 96 of the ringless unit
whereby sag and wrinkles of the tape 96 generated b
removal of the reinforcement section 24 are stretch
Then, the ringless unit U’ is suction-held again by
frame holding section 306 and is raised.

Following this, the gap between the pair of
plates 328 is widened by the gap adjusting mechanis
after which the ringless unit U’ is mounted on the
surface of the support plates 328. Then, as depict
FIG. 18, the ringless unit U’ supported by the ring
unit support section 310 is pressed by the pressing
338 of the pushing-in section 312, and is made to e
and to be accommodated into the frame cassette 198
mounted on the frame cassette table 200.

As described above, in the processing appar
in the embodiment illustrated, it is easy to perfor
operation of attaching the tape 96 to the back surf
of the wafer 4 formed with the ring-shaped reinforc
section 24 in a projection form on the back surface
corresponding to the peripheral marginal area 20, t
unite the wafer 4 with the frame 64, and it is easy
cut and remove the ring-shaped reinforcement sectio
from the wafer 4, so that productivity is good.

The present invention is not limited to the
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of the above described preferred embodiment. The s cope of

the invention is defined by the appended claims and all
changes and modifications as fall within the equiva lence
of the scope of the claims are therefore to be embr aced

by the invention.
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VWHAT IS CLAIMED | S:

1. A processing apparatus for removing, fr
wafer formed with a ring-shaped reinforcement secti
a projection form on a back surface corresponding t
peripheral marginal area, the projection-shaped
reinforcement section, the processing apparatus
comprising:

a wafer cassette table on which a wafer cas
accommodating a plurality of wafers is to be placed

a wafer conveying-out mechanism that convey
wafer from the wafer cassette placed on the wafer
cassette table;

a wafer table that supports a front surface
the wafer conveyed out by the wafer conveying-out
mechanism;

a frame accommodating device that accommoda
plurality of ring-shaped frames each formed with an
opening for accommodating the wafer;

a frame conveying-out mechanism that convey
frame from the frame accommodating device;

a frame table that supports the frame conve
by the frame conveying-out mechanism;

a tape attaching mechanism that is disposed

upper side of the frame table and that attaches a t
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the frame;

a tape-attached frame conveying mechanism t
conveys the tape-attached frame to the wafer table,
positions the opening of the frame to the back surf
the wafer supported by the wafer table, and places
tape-attached frame on the wafer table;

a tape pressure bonding mechanism that pres
bonds the tape of the tape-attached frame to the ba
surface of the wafer;

a frame unit conveying-out mechanism that c
out, from the wafer table, a frame unit in which th
of the tape-attached frame and the back surface of
wafer are pressure bonded by the tape pressure bond
mechanism;

a reinforcement section removing mechanism
cuts and removes the ring-shaped reinforcement sect
from the wafer of the frame unit conveyed out by th
frame unit conveying-out mechanism;

a ringless unit conveying-out mechanism tha
conveys out, from the reinforcement section removin
mechanism, a ringless unit from which the ring-shap
reinforcement section has been removed; and

a frame cassette table on which the frame c

accommodating the ringless unit conveyed out by the
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ringless unit conveying-out mechanism is to be plac

2. The processing apparatus according to ¢
wherein the wafer conveying-out mechanism includes
conveying arm and a hand that is disposed at a tip
conveying arm, that supports the back surface of th
wafer accommodated in the wafer cassette, and that
reverses the wafer face side back.

3. The processing apparatus according to ¢
wherein the hand is a Bernoulli pad in which a nega
pressure is generated by jetting of air and the waf
supported on a non-contact basis.

4. The processing apparatus according to ¢
wherein the wafer table includes an annular support
section that supports the peripheral marginal area
wafer, with a part on an inner side than the periph
marginal area in a non-contact state, and a frame s
section that is disposed at a periphery of the annu
support section and supports the frame.

5. The processing apparatus according to ¢
wherein the tape attaching mechanism includes a rol
support section that supports a roll tape in which
tape before use is rolled, a tape take-up section t
takes up the used tape, a tape drawing section that

out the tape from the roll tape, a pressure bonding
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section that pressure bonds the drawn-out tape to t
frame, and a cutting section that cuts, along the f
the tape protruding to the periphery of the frame.

6. The processing apparatus according to ¢
wherein the tape pressure bonding mechanism include
upper chamber disposed on an upper side of the wafe
table, a lower chamber that accommodates the wafer
a lift mechanism that moves the upper chamber upwar
downward to generate a closed state in which the up
chamber is in contact with the lower chamber and an
state in which the upper chamber is spaced away fro
lower chamber, a vacuum section that establishes a
in the upper chamber and the lower chamber in the ¢
state, and an atmospheric opening section that open
upper chamber and the lower chamber to the atmosphe
and,

in a state in which the tape of the tape-at
frame is positioned on the back surface of the wafe
supported by the wafer table, the lift mechanism is
operated to establish a vacuum in the upper chamber
the lower chamber while the closed state is maintai
and the tape of the tape-attached frame is pressure
bonded to the back surface of the wafer by a pressi

roller disposed in the upper chamber.
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7. The processing apparatus according to ¢
wherein the frame unit conveying-out mechanism incl
frame unit holding section that includes a wafer ho
section for holding the wafer and a frame holding s
for holding the frame and a conveying section that
conveys the frame unit holding section to a tempora
placing table.

8. The processing apparatus according to ¢

wherein the frame unit conveying-out mechanism incl

two-dimensional moving mechanism that moves the fra

unit holding section on a two-dimensional basis in
horizontal directions and an imaging section that i
a periphery of the wafer of the frame unit held by
frame unit holding section, and

the two-dimensional moving mechanism is ope
image at least three parts of the periphery of the
by the imaging section, the coordinates of the cent
the wafer are obtained, and the center of the wafer
made to coincide with the center of the temporary p
table.

9. The processing apparatus according to ¢
wherein the reinforcement section removing mechanis
includes a laser beam applying unit that applies a

beam toward a base of the ring-shaped reinforcement
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section formed at a periphery of the wafer and form
cut groove, a first lift table that holds and raise
frame unit temporarily placed on the temporary plac
table, to position the frame unit at the laser beam
applying unit, and a separating section that separa
the ring-shaped reinforcement section from the cut
groove,

the separating section includes an ultravio
applying section that applies ultraviolet rays to t
tape corresponding to the cut groove, to lower an
adhesive force of the tape, a second lift table tha
suction-holds an inside of the wafer while exposing
ring-shaped reinforcement section on the periphery
supports the frame, a separator that acts on a peri
of the ring-shaped reinforcement section to separat
ring-shaped reinforcement section, and a discarding
section that discards the separated ring-shaped
reinforcement section, and

the first lift table temporarily places, on
temporary placing table, the frame unit formed with
cut groove, the temporary placing table is position
the separating section by a table conveying section
the second lift table supports the frame unit tempo

placed on the temporary placing table.
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10. The processing apparatus according to
wherein the temporary placing table includes a heat
and the first lift table holds, from the temporary
placing table, the frame unit in which the tape is
by the heater and the tape is put into close contac
the base of the ring-shaped reinforcement section.

11. The processing apparatus according to
wherein the temporary placing table includes an ann
support section that supports the peripheral margin
area of the wafer and puts a part on an inner side
the peripheral marginal area in a non-contact state
frame support section that is disposed at a periphe
the annular support section and supports the frame.

12. The processing apparatus according to
10, wherein the ringless unit conveying-out mechani
includes

a reversing mechanism that includes
holding section facing the ringless unit supported
second lift table and holding the frame, moves towa
frame cassette table, and reverses the frame holdin
section,

a ringless unit support section tha
supports the ringless unit being reversed by the

reversing mechanism and having the front surface of
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wafer directed upward, and

a pushing-in section that causes th
ringless unit supported by the ringless unit suppor
section to enter into the frame cassette placed on
frame cassette table and to be accommodated in the

cassette.
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