PROCESSI NG METHOD OF WORKPI ECE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processi
method of a workpiece.

Description of the Related Art

There is known a plasma etching technique i
etching is executed for a plate-shaped workpiece ty
by a semiconductor device wafer obtained by forming
devices on a surface of a silicon substrate or the
by using a gas in a plasma state. In this plasma e
technique, a vacuum chamber is used, and an unneces
gas (atmospheric air and so forth) inside the vacuu
chamber is removed. Then, the state is made in whi
inside of the vacuum chamber is filled with only a
used for various kinds of treatment including the e
and a gas pressure equal to or lower than 1000 Pa a
which plasma can be generated is set. Thereafter,
workpiece is processed by the plasma (for example,
to Japanese Patent Laid-open No. 2007-311462 and Ja

Patent Laid-open No. Hei 8-236601).
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If control to return the space in the vacuu
chamber to the atmospheric pressure or set the spac
vacuum state is executed when the workpiece is carr
and carried out to and from the vacuum chamber, the
taken for the carrying-in and carrying-out becomes
according to the time taken for the control. There
an anterior chamber in which the gas pressure of th
internal space becomes equal to or lower than a
predetermined gas pressure is set in front of a doo
the vacuum chamber in many cases. Due to the setti
the anterior chamber, a workpiece can be carried in
carried out to and from the anterior chamber concur
with etching in the vacuum chamber. Therefore, the
adjustment range of the gas pressure in the vacuum
chamber can be set smaller, and the time taken for
adjustment of the gas pressure can be reduced. How
there is a problem that the apparatus becomes large
to the setting of the anterior chamber.

Further, normally a chuck table of an elect
adhesion type is used in the vacuum chamber. Howev
there is a problem that, if a gas exists in the vac
chamber when a workpiece is placed on the chuck tab
the gas readily remains (enters) between the workpi

and the chuck table even when electrostatic adhesio
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caused. The intermediary of this gas causes a poss ibility

that it becomes impossible for the workpiece to rel ease
high heat applied in etching through the chuck tabl e.
Thus, an object of the present invention is to
provide a processing method of a workpiece by which the
workpiece can release high heat applied in etching while

increase in the size of an apparatus is suppressed.

In accordance with an aspect of the present

invention, there is provided a processing method of a
workpiece in which the workpiece with a plate shape is
processed by a gas in a plasma state by using a vac uum
chamber that partitions the inside from atmospheric air.
The processing method includes a carrying-in step o f
carrying in the workpiece from a door for carrying- in/out
on the vacuum chamber and placing the workpiece ove ra
holding surface of a chuck table in the vacuum cham ber, a
vacuum holding step of causing a negative pressure to act
from a suction path that connects to the holding su rface
of the chuck table and executing suction holding of the

workpiece by the chuck table after execution of the

carrying-in step, and a pressure reduction step of

closing the door and evacuating an atmosphere in th e
vacuum chamber to reduce a gas pressure in the vacu um
chamber to at least 50 Pa and at most 5000 Pa at wh ich



low-pressure plasma is allowed to be realized and t
suction holding of the workpiece by the chuck table
possible after execution of the vacuum holding step
processing method also includes an electrostatic ad
step of, while sucking the workpiece by the chuck t
supplying an inert gas in a plasma state to the wor
and applying voltages to electrodes disposed in the
table, to execute electrostatic adhesion of the wor

by the chuck table after execution of the pressure
reduction step, a processing step of supplying a
processing gas in a plasma state to the workpiece h
the chuck table and executing dry etching of the
workpiece after execution of the electrostatic adhe
step, and an electrostatic adhesion stop step of st
the voltage application to the electrodes of the ch
table while supplying the inert gas in the plasma s

to the workpiece after execution of the processing
The processing method also includes a door opening
of opening the door after the inert gas is supplied

the vacuum chamber and the gas pressure of the insi
the vacuum chamber is adjusted to an atmospheric pr
or higher and a workpiece carrying-out step of stop
the negative pressure caused to act from the suctio

and causing the workpiece to break away from the ho
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surface to carry out the workpiece from the vacuum
chamber after execution of the door opening step.

In the above-described aspect of the presen
invention, the gas that has come into the plasma st
outside the vacuum chamber may be supplied to the
workpiece in the electrostatic adhesion step, the
processing step, or the electrostatic adhesion stop

Further, in the above-described aspect of t
present invention, the gas that has come into the p
state inside the vacuum chamber may be supplied to
workpiece in the electrostatic adhesion step, the
processing step, or the electrostatic adhesion stop

Moreover, in the above-described aspect of
present invention, the workpiece may configure a fr
unit in which the workpiece is supported by a resin
in an opening of an annular frame, and may be held
holding surface of the chuck table with the interme
of the resin tape.

According to the aspect of the present inve
the workpiece is allowed to release high heat appli
etching while increase in the size of an apparatus
suppressed.

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
the following description and appended claims with
reference to the attached drawings showing preferre

embodiments of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view depicting a wo
that is a processing target of a processing method
workpiece according to a first embodiment;

FIG. 2 is a sectional view depicting the wo
in FIG. 1;

FIG. 3 is a sectional view depicting an etc
processing apparatus that executes the processing m
of a workpiece according to the first embodiment;

FIG. 4 is a flowchart depicting treatment o
processing method of a workpiece according to the f
embodiment;

FIG. 5 is a sectional view for explaining t
in which a resin is formed in a mask forming step i
4,

FIG. 6 is a sectional view depicting the wo
after the front surface side of the workpiece is co

by the resin in the mask forming step in FIG. 4;

dy of

rkpiece

of a

rkpiece

hing

ethod

f the

irst

he state

n FIG.

rkpiece

ated



FIG. 7 is a sectional view for explaining t he state
in which a laser processed groove is formed in the mask
forming step in FIG. 4;

FIG. 8 is a sectional view depicting the wo rkpiece
after a mask is formed on the front surface side of the
workpiece in the mask forming step of FIG. 4;

FIG. 9 is a sectional view for explaining a
pressure reduction step and an electrostatic adhesi on
step in FIG. 4;

FIG. 10 is a sectional view for explaining a
processing step in FIG. 4;

FIG. 11 is a sectional view depicting the w orkpiece
that has gone through the processing step in FIG. 4 ;

FIG. 12 is a sectional view for explaining an
electrostatic adhesion stop step in FIG. 4;

FIG. 13 is a sectional view for explaining a door
opening step in FIG. 4; and

FIG. 14 is a sectional view depicting an et ching
processing apparatus that executes a processing met hod of

a workpiece according to a second embodiment.

DETAI LED DESCRI PTON OF THE PREFERRED EMBODI MENTS
Modes (embodiments) for carrying out the pr esent

invention will be described in detail with referenc e to



the drawings. The present invention is not limited
contents described in the following embodiments. F
in constituent elements described below, what can b
easily envisaged by those skilled in the art and wh
substantially the same are included. Moreover,
configurations described below can be combined as
appropriate. In addition, various kinds of omissio
replacement, or change of configurations can be exe
without departing from the gist of the present inve
[First Embodiment]

A processing method of a workpiece accordin
first embodiment of the present invention will be
described based on drawings. FIG. 1 is a perspecti
depicting a workpiece 100 that is a processing targ
the processing method of a workpiece according to t
first embodiment. FIG. 2 is a sectional view depic
the workpiece 100 in FIG. 1. As depicted in FIG. 1
workpiece 100 is a circular-disc-shaped wafer such
semiconductor wafer or optical device wafer contain
silicon, sapphire, silicon carbide (SiC), gallium
arsenide, or the like as a base material 100-1, for
example. Devices 103 are formed in regions on a fr
surface 101 of the workpiece 100 segmented by plura

planned dividing lines 102 formed in a lattice mann

8

by

urther,

at are

cuted

ntion.

gtoa

ve view
et of
he

ting

, the

as a

ing

ont

er.



Moreover, a functional layer 100-2 is stack
the front surface 101 of the base material 100-1 of
workpiece 100. The functional layer 100-2 includes
dielectric constant insulator coat (hereinafter, re
to as Low-k film) formed of an inorganic-based film
containing SiOF, BSG (SiOB), or the like or an orga
based film containing a polymer such as a polyimide
or parylene-based polymer, and an electrical conduc
film including an electrically-conductive metal. T
k film is stacked on the electrical conductor film
form the devices 103. The electrical conductor fil
a circuit of the devices 103. For this reason, the
devices 103 include the Low-k films mutually stacke
the electrical conductor film stacked between the L
films. The functional layer 100-2 of the planned d
lines 102 includes the Low-k film but does not incl
the electrical conductor film except a test element
(TEG) 100-3. The TEG 100-3 is an element for evalu
for finding any problem in design or in manufacturi
that occurs in the device 103.

A resin tape 105 is stuck to a back surface
a side opposite to the front surface 101 of the wor
100, and an annular frame 106 is mounted on the out

edge part of the resin tape 105. Due to this, the
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workpiece 100 configures a frame unit 200 in which
workpiece 100 is supported by the resin tape 105 in
opening 107 of the annular frame 106. In the prese
invention, the workpiece 100 is not limited thereto
may be a plate-shaped object such as a rectangular
package substrate, ceramic plate, or glass plate ha
plural devices sealed by a resin.

Here, the resin tape 105 may be what is cal
resin sheet that does not have an adhesive layer on
side to which the side of the back surface 104 of t
workpiece 100 is stuck, or may be what is called an
adhesive tape having an adhesive layer on the side
which the side of the back surface 104 of the workp
100 is stuck.

FIG. 3 is a sectional view depicting an etc
processing apparatus 1 that executes the processing
method of a workpiece according to the first embodi
The etching processing apparatus 1 is an apparatus
executes plasma etching for the workpiece 100. As
depicted in FIG. 3, the etching processing apparatu
includes a vacuum chamber 10, a chuck table 20, a s
source 30, a gas supply source 40, a turning-to-pla
unit 50, a carrying-in/out unit 60, and a control u

In FIG. 3, a mask 302 (see FIG. 8) formed on the si
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the front surface 101 of the workpiece 100 is omitt
Further, the mask 302 is similarly omitted in FIG.
10, FIG. 12, and FIG. 13 to be described later.

The vacuum chamber 10 is a casing that part
the inside from the atmospheric air and, as depicte
FIG. 3, includes an internal space 11, a carrying-i
port 12, a door 13, a door actuating unit 14, a pla
pedestal 15, a first gas evacuation path 16, a seco
evacuation path 17, a gas supply path 18, and a pre
gauge 19. The vacuum chamber 10 (casing) is ground

The internal space 11 is a space formed ins
vacuum chamber 10 through being partitioned from th
atmospheric air. The carrying-in/out port 12 is a
through-hole that is formed on a lateral side of th
vacuum chamber 10 and allows the atmospheric air an
internal space 11 to communicate with each other.
carrying-in/out port 12 functions as a path of carr
in of the workpiece 100 to the internal space 11 an
carrying-out of the workpiece 100 from the internal
11.

The door 13 is used in carrying-in and carr
and is set near the carrying-in/out port 12 movably
between a closing position at which the door 13 cov

the carrying-in/out port 12 and cuts off the
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communication between the atmospheric air and the
internal space 11 through the carrying-in/out port

an opening position at which the door 13 evacuated
the closing position is located and permits the
communication between the atmospheric air and the

internal space 11 through the carrying-in/out port

The door actuating unit 14 moves the door 13 betwee

closing position and the opening position.
The placement pedestal 15 is set in a centr
region of the internal space 11 in the width direct

the lower side of the internal space 11. The first

evacuation path 16 and the second gas evacuation pa

are separately set at positions that sandwich the

placement pedestal 15 under the internal space 11,

allow communication between the internal space 11 a

suction sources 30-1 and 30-2 through valves 16-1 a

1 that can each be switched between an opening posi

and a closing position. In the first embodiment, t
first gas evacuation path 16 evacuates an inert gas
corresponding to the amount of supply of the inert
from an inert gas supply source 42 or 43, and the s
gas evacuation path 17 evacuates a processing gas
corresponding to the amount of supply of the proces

gas from a processing gas supply source 41.
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The gas supply path 18 is set in a central
of the internal space 11 in the width direction on
upper side of the internal space 11 and opposed to
placement pedestal 15. The gas supply path 18 allo
communication between the internal space 11 and the
supply source 40. The gas supply path 18 includes
dispersing component 18-1 set to cover an opening 0
side of the internal space 11. In the first embodi
for example, the dispersing component 18-1 is forme
the circular cylindrical shape in which plural thro
holes are made and disperses a gas in a plasma stat
supplied from the side of the gas supply source 40
holding surface 21 of the chuck table 20 in the int
space 11.

The pressure gauge 19 is a measurement syst
Is set on the casing of the vacuum chamber 10 to be
oriented toward the internal space 11 and measures
gas pressure of the internal space 11. The etching
processing apparatus 1 can adjust opening and closi
the valves 16-1, 17-1, 41-1, 42-1, and 43-1 as
appropriate based on the gas pressure of the intern
space 11 measured by the pressure gauge 19, and so

The chuck table 20 is disposed to be housed

vacuum chamber 10. Specifically, the chuck table 2
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set on the placement pedestal 15 set in the interna
space 11. As depicted in FIG. 3, the chuck table 2
includes the holding surface 21, a suction path 22,
electrodes 24, a direct-current power supply 25, a
cooling fluid path 27, and a cooling fluid source 2
main body part of the chuck table 20 is formed of a
insulating material having electrical insulation pr

The holding surface 21 is a flat surface fo
the upper side of the chuck table 20 and holds the
of the back surface 104 of the workpiece 100 with t
intermediary of the resin tape 105. The suction pa
is formed inside the chuck table 20 and allows
communication between the holding surface 21 and th
suction source 30-1 through a valve 22-1 thatcan b
switched between an opening position and a closing
position.

When the valve 22-1 is switched to the open
a negative pressure acts on the holding surface 21
chuck table 20 from the suction source 30-1. When
pressure of the internal space 11 is equal to or hi
than 50 Pa, a sufficient differential pressure is
generated between the negative pressure that acts o
holding surface 21 and the gas pressure of the inte

space 11. Therefore, the chuck table 20 comes into

14

8. The

operty.
rmed on
side
he

th 22

ed state,
of the
the gas

gher

n the

rnal



state of being capable of suction holding (vacuum
holding) of the workpiece 100 by the holding surfac
with sufficient strength as a result of the negativ
pressure that acts on the holding surface 21. On't
other hand, when the gas pressure of the internal s
11 is lower than 50 Pa, the differential pressure b
the negative pressure that acts on the holding surf
and the gas pressure of the internal space 11 becom
Therefore, the chuck table 20 comes into a state of
capable of suction holding (vacuum holding) of the
workpiece 100 by the holding surface 21 only with a
force even by the negative pressure that acts on th
holding surface 21.

The plural electrodes 24 are disposed to be
inside the chuck table 20, and the direct-current p
supply 25 is electrically connected to each of them
direct-current power supply 25 can apply direct-cur
voltages different from each other to the plural
electrodes 24. When the direct-current voltages ar
applied by the direct-current power supply 25 and a
potential difference is generated between the elect
24, a predetermined electric field is generated to
the holding surface 21 of the chuck table 20. By

generating this predetermined electric field, the
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electrodes 24 enable electrostatic adhesion of the
workpiece 100 by the holding surface 21 of the chuc
table 20. In addition, the electrodes 24 allow a g
turned to plasma to be favorably drawn to the workp
100 held by the holding surface 21 of the chuck tab

Further, when the application of the direct
voltages from the direct-current power supply 25 is
stopped and the potential difference generated betw
the electrodes 24 is eliminated, the predetermined
electric field generated to cover the holding surfa
of the chuck table 20 disappears. The electrodes 2
cancel the state in which the electrostatic adhesio
the workpiece 100 is executed by the holding surfac
of the chuck table 20, by causing this predetermine
electric field to disappear.

The cooling fluid path 27 is formed inside
chuck table 20 and communicates with the cooling fl
source 28. The cooling fluid source 28 supplies a
fluid to the cooling fluid path 27. When the cooli
fluid supplied by the cooling fluid source 28 flows
inside the cooling fluid path 27, the cooling fluid
27 cools the holding surface 21 of the chuck table
The cooling fluid path 27 can cool the workpiece 10

by the holding surface 21 of the chuck table 20 by
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cooling the holding surface 21 of the chuck table 2 0.

As depicted in FIG. 3, in the first embodim ent, the
suction source 30 includes the suction source 30-1 to
which the first gas evacuation path 16 and the suct ion
path 22 are connected and the suction source 30-2 t 0
which the second gas evacuation path 17 is connecte d.
Although the suction source 30 includes the two suc tion
sources 30-1 and 30-2 in the first embodiment, the
suction source 30 is not limited to this form in th e
present invention. The suction source 30 may be
consolidated to one suction source or may be divide d into
three suction sources.

In the first embodiment, a vacuum pump that
executes vacuuming of the internal space 11 is favo rably
used as the suction source 30. Here, the vacuum is what
is called a reduced-pressure state and, for example ,isa
low vacuum at which the gas pressure of the interna I
space 11 of the vacuum chamber 10 is approximately 102 Pa
to 10 ° Pa lower than the atmospheric pressure, a medium
vacuum at approximately 10 1pPato10 2 Pa, orthe like. As
the vacuum pump favorably used for the suction sour ce 30,
what can execute vacuuming of the internal space 11 toa
gas pressure at which low-pressure plasma can be re alized
while introducing an inert gas is used. For exampl e, a

17



dry pump, oil rotary pump, or the like that realize

low vacuum, and a turbomolecular pump, oil diffusio
or the like that can realize the medium vacuum are
in combination. Here, that low-pressure plasma can
realized indicates that it is possible to turn the
processing gas or the inert gas to plasma in the va
(reduced-pressure state).

As depicted in FIG. 3, the gas supply sourc
includes the processing gas supply source 41 and th
inert gas supply sources 42 and 43. The processing
supply source 41 is connected to the gas supply pat
through the valve 41-1 that can be switched between
opening position and a closing position. The inert
supply sources 42 and 43 are connected to the gas s
path 18 through the valves 42-1 and 43-1 that can e
switched between an opening position and a closing
position.

In the first embodiment, the processing gas
source 41 supplies a sulfur hexafluoride (SF
processing gas. However, the processing gas supply

41 is not limited thereto in the present invention

may supply any compound or mixture gas as the proce

gas as long as the gas is a compound or mixture gas

which it is possible to process the workpiece 100 b
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etching through turning the gas to plasma. Here, t
that it is possible to process the workpiece 100 by
etching indicates that etching of the workpiece 100
be executed at a predetermined rate or higher.

In the first embodiment, the inert gas supp
sources 42 and 43 supply a helium (He) gas and a ni
(N 2) gas, respectively, as the inert gas. However, th
inert gas supply sources 42 and 43 are not limited
thereto in the present invention and may supply any
compound or mixture gas as the inert gas as long as
gas is a compound or mixture gas that is inert to t
workpiece 100 even when being turned to plasma. He
fact that the gas is inert to the workpiece 100 ind
that the gas causes etching of the workpiece 100 on
a rate lower than a predetermined rate and whatever
chemical reaction caused on the workpiece 100 proce
only at a reaction rate lower than a predetermined
reaction rate. Besides, the inert gas supply sourc
and 43 may supply an argon (Ar) gas or clean dry ai
(CDA) as the inert gas, for example. Further, in t
processing method of a workpiece according to the f
embodiment to be described later, only the inert ga
supply source 43 is used. However, the processing

is not limited thereto in the present invention and
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use only the inert gas supply source 42 or may use
inert gas supply sources 42 and 43 in combination.

In the first embodiment, the inert gas supp
from the inert gas supply source 43 is used for a v
break of the internal space 11 of the vacuum chambe
Therefore, the valve 43-1 has a structure in which
unillustrated slow vent valve about which the amoun
supply of the inert gas in the opened state is supp
and an unillustrated vent valve about which the amo
supply of the inert gas in the opened state is larg
disposed in parallel.

The turning-to-plasma unit 50 is a mechanis
turns, to plasma, the processing gas and the inert
that pass through the gas supply path 18 from the g
supply source 40 and are supplied toward the holdin
surface 21 of the chuck table 20 in the internal sp
inside the gas supply path 18. As depicted in FIG.
turning-to-plasma unit 50 includes a pair of turnin
plasma electrodes 51 and a high-frequency power sup
In the first embodiment, the turning-to-plasma unit
makes it possible to supply a gas that has come int
plasma state through being turned to plasma in the
supply path 18 outside the vacuum chamber 10 to the

workpiece 100 carried in to the internal space 11 o
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vacuum chamber 10.

The turning-to-plasma electrodes 51 are dis
sandwich the gas supply path 18 and be opposed to e
other. The high-frequency power supply 52 can appl
high-frequency alternating-current voltage between
pair of turning-to-plasma electrodes 51. When the
frequency alternating-current voltage is applied to
pair of turning-to-plasma electrodes 51 by the high
frequency power supply 52, the pair of turning-to-p
electrodes 51 can turn the gas that passes through
gas supply path 18 to plasma (radicalization, ioniz
or the like).

As depicted in FIG. 3, the carrying-in/out
moves along the opening direction of the carrying-i
port 12, with the carrying-in/out port 12 being par
the movement path, between a carrying-in/out positi
above the holding surface 21 of the chuck table 20
internal space 11 of the vacuum chamber 10 and an
evacuation position that is a position outside the
chamber 10 and at which the carrying-in/out unit 60
evacuated from the carrying-in/out position is posi
The carrying-in/out unit 60 has gripping parts 61 t
grip the workpiece 100 toward the lower side, i.e.,

the surface on the side opposed to the holding surf
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of the chuck table 20 at the carrying-in/out positi
The gripping parts 61 are disposed at two places in
example of the first embodiment depicted in FIG. 3.
However, the gripping part 61 is not limited theret
the present invention, and may be disposed at one p
or may be disposed at three or more places as long
workpiece 100 can be gripped. As the carrying-in/o
60, a robot hand is exemplified as what is suitable
the first embodiment.

The control unit 80 controls each of the
constituent elements of the etching processing appa
1 and causes the etching processing apparatus 1 to
execute each operation relating to etching for the
workpiece 100. In the first embodiment, the contro
80 includes a computer system. The control unit 80
arithmetic processing apparatus having a microproce

such as a central processing unit (CPU), a storing

apparatus having a memory such as a read only memor

(ROM) or a random access memory (RAM), and an input

output interface apparatus. The arithmetic process
apparatus executes arithmetic processing according
computer program stored in the storing apparatus an
outputs a control signal for controlling the etchin

processing apparatus 1 to the respective constituen

22

on.

the

0in
lace
as the
ut unit

in

ratus

| unit
has an

SSor

ing

toa



elements of the etching processing apparatus 1 thro
the input-output interface apparatus.

FIG. 4 is a flowchart depicting treatment o
processing method of a workpiece according to the f
embodiment. The processing method of a workpiece
according to the first embodiment is executed by us
the etching processing apparatus 1 substantially.
depicted in FIG. 4, the processing method includes
forming step ST11, a carrying-in step ST12, a vacuu
holding step ST13, a pressure reduction step ST14,
electrostatic adhesion step ST15, a processing step
an electrostatic adhesion stop step ST17, a door op
step ST18, and a workpiece carrying-out step ST19.

processing method of a workpiece according to the f

embodiment is a method in which the vacuum chamber

that partitions the inside from the atmospheric air

the etching processing apparatus 1 is used and the
shaped workpiece 100 housed inside is processed by
processing gas 502 (see FIG. 10) in a plasma state.
the processing method of a workpiece, in the first
embodiment, the mask 302 is formed on the front sur
101 of the workpiece 100, and plasma etching is exe
from the side of the front surface 101. However, t

processing method is not limited thereto in the pre
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invention. The mask 302 may be formed on the back
104 of the workpiece 100, and plasma etching may be
executed from the side of the back surface 104.

FIG. 5 is a sectional view for explaining t
in which a resin 301 is formed in the mask forming
ST11 for the workpiece 100 in FIG. 1. FIG. 6is a
sectional view depicting the workpiece 100 after th
of the front surface 101 of the workpiece 100 is ¢
by the resin 301 in the mask forming step ST11. FI
a sectional view for explaining the state in which
laser processed groove 401 is formed in the mask fo
step ST11. FIG. 8 is a sectional view depicting th
workpiece 100 after the mask 302 is formed on the s
the front surface 101 of the workpiece 100 in the m
forming step ST11.

The mask forming step ST11 is a step of for
mask 302 that prevents etching in regions on the
workpiece 100 for which etching is not executed by
processing method of a workpiece according to the f
embodiment, as depicted in FIG. 5, FIG. 6, FIG. 7,
FIG. 8.

In the mask forming step ST11, first, as de
in FIG. 5, a holding table 111 of a resin coating u

110 holds the side of the back surface 104 of the
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workpiece 100 with the intermediary of the resin ta
by a holding surface 112, and clamp parts 113 of th
resin coating unit 110 clamp the annular frame 106
mounted to the workpiece 100.

In the mask forming step ST11, next, a resi
part 114 of the resin coating unit 110 supplies a |
resin 300 by executing jetting, spraying, dropping,
the like of the liquid resin 300 toward the front s
101 that is the exposed surface side of the workpie
held by the holding surface 112. In addition, the
table 111 is rotated around the axis center along t
direction orthogonal to the holding surface 112. T
the mask forming step ST11, a centrifugal force is
to the liquid resin 300 supplied over the front sur
101 of the workpiece 100 through the holding table
and the workpiece 100. By this centrifugal force,
liquid resin 300 is thinly spread over the whole of
front surface 101 of the workpiece 100, and the res
with a thin film shape is formed over the front sur
101 of the workpiece 100 as depicted in FIG. 6.

Here, the liquid resin 300 may be what cont
resin 301 and has become an application liquid thro
dispersion of the resin 301 by a solvent having

volatility or may be what mainly includes the water
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soluble resin 301. As the resin 301, a material wi
strong chemical resistance against the processing g
in a plasma state used in etching of the processing
ST16 to be described later is favorably used. For
what is generally used for a mask such as resist of
etching can favorably be used.

In the mask forming step ST11, two or more
of the resin 301 with a thin film shape may be form
an overlapped manner and, according to the kind of
301, the resin 301 formed over the front surface 10
the workpiece 100 may be heated to be cured by usin
heating apparatus that is not depicted in the diagr

In the mask forming step ST11, after curing
resin 301, as depicted in FIG. 7, a holding table 1
a laser processing unit 120 holds the side of the b
surface 104 of the workpiece 100 coated by the resi
with the intermediary of the resin tape 105 by a ho
surface 122, and clamp parts 123 of the laser proce
unit 120 clamp the annular frame 106 mounted to the
workpiece 100 coated by the resin 301.

In the mask forming step ST11, next, alignm
which position adjustment is executed between the
workpiece 100 over the holding table 121 and the po

of irradiation with a laser beam 400 by a laser bea
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irradiation unit 124 of the laser processing unit 1
fulfilled. Thereafter, the laser beam irradiation

124 executes irradiation with the laser beam 400 fr
side of the front surface 101 along the planned div
lines 102 and executes laser processing. Thus, the
301 on the planned dividing lines 102 is removed, a
laser processed grooves 401 are formed along the pl
dividing lines 102 as depicted in FIG. 8.

In the mask forming step ST11, in the first
embodiment, the laser processed grooves 401 are for
removing the resin 301, the functional layer 100-2,
the TEG 100-3 on the planned dividing lines 102 and
surface layer of the base material 100-1. The lase
processed grooves 401 expose the base material 100-
the workpiece 100 at the groove bottoms. Due to th
the mask forming step ST11, as depicted in FIG. 8,
resin 301 on the devices 103 remains and the resin
the planned dividing lines 102 is removed, so that
mask 302 including the resin 301 is formed. The wo
100 comes into state in which the base material 100
the workpiece 100 is exposed at the groove bottoms
laser processed grooves 401 and processing by etchi
possible.

When the processing method of a workpiece i
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being executed, the etching processing apparatus 1
or closes the valves 16-1 and 17-1 as appropriate a
holds the internal space 11 of the vacuum chamber 1
vacuum state by the suction sources 30-1 and 30-2 t
the first gas evacuation path 16 and the second gas
evacuation path 17. Thus, the carrying-in step ST1
the processing method of a workpiece according to t
first embodiment is started in the state in which t
internal space 11 of the vacuum chamber 10 is held
vacuum state.

The carrying-in step ST12 is a step of carr
the workpiece 100 from the door 13 for carrying-in/
the vacuum chamber 10 and placing the workpiece 100
the holding surface 21 of the chuck table 20 in the
vacuum chamber 10 as depicted in FIG. 3.

Specifically, in the carrying-in step ST12,
the vacuum state of the internal space 11 of the va
chamber 10 held at the start timing of the processi
method of a workpiece is broken. Specifically, in
carrying-in step ST12, the control unit 80 switches
valves 16-1 and 17-1 to the closed state and switch
valve 43-1 to the opened state to thereby supply th
inert gas from the inert gas supply source 43 to th

internal space 11 of the vacuum chamber 10 and rais
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gas pressure of the internal space 11 to the atmosp
pressure.

More specifically, in the carrying-in step
the control unit 80 switches only the slow vent val
the valve 43-1 to the opened state to raise the gas
pressure of the internal space 11 from the vacuum s
to approximately 1000 Pa comparatively slowly. The
the control unit 80 optionally sets time delay, swi
the slow vent valve of the valve 43-1 to the closed
and switches the vent valve to the opened state to
quickly raise the gas pressure of the internal spac
from approximately 1000 Pa to the atmospheric press
(approximately 100000 Pa).

In the carrying-in step ST12, when the gas
of the internal space 11 has been raised to the
atmospheric pressure, the control unit 80 temporari
switches the vent valve of the valve 43-1 to the cl
state. Thereafter, in the carrying-in step ST12, t
control unit 80 switches the vent valve of the valv
to the opened state as appropriate in order to hold
state of a slightly-positive pressure with respect
atmospheric pressure.

In the carrying-in step ST12, after the gas

pressure of the internal space 11 is raised to the
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atmospheric pressure, the vacuum chamber 10 is open
moving the door 13 from the closing position to the
opening position by the door actuating unit 14 to o
the carrying-in/out port 12. In the carrying-in st
simultaneously with opening the carrying-in/out por
the control unit 80 sets the vent valve of the valv
to the opened state and supplies the inert gas from
inert gas supply source 43 to the internal space 11
the vacuum chamber 10. Thus, in execution of the
subsequent treatment in the carrying-in step ST12,
of the atmospheric air from the carrying-in/out por
to the internal space 11 of the vacuum chamber 10 i
prevented.

In the carrying-in step ST12, next, the car
infout unit 60 that has gripped, at the evacuation
position, the frame unit 200 including the workpiec
on which the mask 302 has been formed in the mask f
step ST11 moves from the evacuation position to the
carrying-in/out position through passing through th
opened carrying-in/out port 12 in the state in whic
workpiece 100 after the mask forming step ST11is g
by the gripping parts 61. Thus, the workpiece 100
carried in from the door 13 for carrying-in/out on

vacuum chamber 10.
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In the carrying-in step ST12, after the wor
100 is carried in, the carrying-in/out unit 60 rele
the gripped state of the workpiece 100 after the ma
forming step ST11 by the gripping parts 61 at the
carrying-in/out position and thereby places the wor
100 over the holding surface 21 of the chuck table
the vacuum chamber 10. Due to this, in the carryin
step ST12, the state is obtained in which the side
resin tape 105 of the frame unit 200 including the
workpiece 100 on which the mask 302 has been formed
the mask forming step ST11 is placed toward the hol
surface 21 of the chuck table 20 as depicted in FIG

The vacuum holding step ST13 is a step of ¢
negative pressure to act from the suction path 22 t
connects to the holding surface 21 of the chuck tab
and executing suction holding of the workpiece 100
chuck table 20, after the execution of the carrying
step ST12, as depicted in FIG. 3.

Specifically, in the vacuum holding step ST
control unit 80 causes a negative pressure from the
suction source 30-1 to act on the holding surface 2
through the suction path 22 by switching the valve
from the closed state to the opened state. Due to

in the vacuum holding step ST13, the state is obtai
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which the side of the resin tape 105 of the frame u
200 including the workpiece 100 on which the mask 3
been formed in the mask forming step ST11 is subjec
suction holding by the holding surface 21 of the ch
table 20 as depicted in FIG. 3.

FIG. 9 is a sectional view for explaining t
pressure reduction step ST14 and the electrostatic
adhesion step ST15 in FIG. 4. The pressure reducti
ST14 is a step of, after the execution of the vacuu
holding step ST13, closing the door 13 and evacuati
atmosphere in the vacuum chamber 10 to reduce the g
pressure in the vacuum chamber 10 to at least 50 Pa
at most 5000 Pa at which low-pressure plasma can be
realized (that is, treatment by low-pressure plasma
be executed) and suction holding by the chuck table
possible as depicted in FIG. 9.

In the pressure reduction step ST14, first,
carrying-in/out unit 60 inserted to the carrying-in
position in the vacuum chamber 10 from the carrying
infout port 12 in the carrying-in step ST12 is move
the carrying-in/out position to the evacuation posi
through passing through the carrying-in/out port 12
the pressure reduction step ST14, next, the vacuum

chamber 10 is closed by moving the door 13 from the
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opening position to the closing position by the doo r

actuating unit 14 and closing the carrying-in/out p ort 12.
In the pressure reduction step ST14, after the

carrying-in/out port 12 is closed, the control unit 80

evacuates the atmosphere of the internal space 11 o f the

closed vacuum chamber 10 and executes vacuuming by

switching the vent valve of the valve 43-1 to the c losed
state and switching at least either one of the valv es 16-
1 and 17-1 to the opened state. More specifically, in the
pressure reduction step ST14, first, the pressure o f the
internal space 11 of the vacuum chamber 10 is reduc ed by

the suction source 30, and the gas pressure of the

internal space 11 of the vacuum chamber 10 is set t o at
least 50 Pa and at most 5000 Pa at which low-pressu re
plasma can be realized and suction holding of the

workpiece 100 by the holding surface 21 of the chuc k
table 20 is possible, preferably at least 50 Pa and at

most 1000 Pa.

The electrostatic adhesion step ST15isas tep of,
after the execution of the pressure reduction step ST14,
while sucking the workpiece 100 by the chuck table 20,

supplying an inert gas 501 in a plasma state to the
workpiece 100 and applying voltages to the electrod es 24

disposed in the chuck table 20 to execute electrost atic

33



adhesion of the workpiece 100 by the chuck table 20
depicted in FIG. 9.
The electrostatic adhesion step ST15 is exe
the state in which, under control by the control un
suction holding of the workpiece 100 is executed on
holding surface 21 of the chuck table 20 and the ga
pressure of the internal space 11 of the vacuum cha
10 is kept at at least 50 Pa and at most 5000 Pa,
preferably at least 50 Pa and at most 1000 Pa.
Specifically, in the electrostatic adhesion
ST15, first, the control unit 80 switches the valve
to the opened state to introduce an inert gas. In
addition, the turning-to-plasma unit 50 applies a h
frequency alternating-current voltage between the p
turning-to-plasma electrodes 51 by the high-frequen
power supply 52. Thus, the inert gas that passes t
the gas supply path 18 is turned to plasma. In the
electrostatic adhesion step ST15, in the first embo

the inert gas 501 that has come into the plasma sta

the gas supply path 18 outside the vacuum chamber 1

supplied to the workpiece 100. In the electrostati
adhesion step ST15, by supplying the inert gas 501
plasma state to the workpiece 100 over the holding

surface 21 of the chuck table 20 as above, the work
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100 over the holding surface 21 of the chuck table
set to the state of being charged with static elect
by the inert gas 501 in the plasma state.

In the electrostatic adhesion step ST15, ne
chuck table 20 is subjected to control by the contr
unit 80, and the direct-current power supply 25 app
direct-current voltages different from each other t
electrodes 24 to generate a potential difference be
the electrodes 24. Thus, the chuck table 20 genera
predetermined electric field in such a manner that
holding surface 21 of the chuck table 20 is covered
the electrostatic adhesion step ST15, as above, the
table 20 generates the predetermined electric field
such a manner that the holding surface 21 of the ch
table 20 is covered, and thereby executes electrost
adhesion of the workpiece 100 that has come into a
of being charged with static electricity.

When the electrostatic adhesion of the work
100 is executed by the holding surface 21 in the st
which the gas pressure of the internal space 11 is
than 50 Pa, the differential pressure between the g
pressure of the internal space 11 and the negative
pressure caused to act on the holding surface 21 fo

suction holding is low, and thus, it is impossible
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sufficiently execute the suction holding of the wor kpiece
100 by the holding surface 21. Therefore, there is a
possibility that the electrostatic adhesion is exec uted
in the state in which the chuck table 20 and the

workpiece 100 are not in tight contact with each ot her

and have a gap therebetween. Further, when the

electrostatic adhesion of the workpiece 100 is exec uted
by the holding surface 21 in the state in which the gas
pressure of the internal space 11 is higher than 50 00 Pa,

there is a possibility that a gas remains (enters)

between the chuck table 20 and the workpiece 100, m ore
specifically between the holding surface 21 of the chuck
table 20 and the resin tape 105 stuck to the back s urface

104 of the workpiece 100.

Thus, in the processing method of a workpie ce
according to the first embodiment, in the pressure
reduction step ST14, the gas pressure of the intern al

space 11 is reduced while suction holding of the

workpiece 100 by the holding surface 21 is kept unt il the
gas pressure of the internal space 11 becomes at le ast 50
Pa and at most 5000 Pa, preferably at least 50 Pa a nd at
most 1000 Pa, under control by the control unit 80. Due

to this, in the processing method of a workpiece

according to the first embodiment, in the vacuum ho lding

36



step ST13 and the pressure reduction step ST14, the
between the chuck table 20 and the workpiece 100 is
evacuated while the tight contact between the chuck
20 and the workpiece 100 is kept. In the processin
method of a workpiece according to the first embodi
under the state after the execution of the pressure
reduction step ST14, the chuck table 20 is subjecte
control by the control unit 80 and executes electro
adhesion of the workpiece 100 by the holding surfac
in the electrostatic adhesion step ST15. Due to th
the processing method of a workpiece according to t
first embodiment, in the electrostatic adhesion ste
after the execution of the pressure reduction step

the electrostatic adhesion of the workpiece 100 can
executed by the holding surface 21 in the state in
tight contact between the chuck table 20 and the
workpiece 100 is sufficiently made and the remainin
(entry) of the gas between the chuck table 20 and t
workpiece 100 is reduced.

FIG. 10 is a sectional view for explaining
processing step ST16 in FIG. 4. FIG. 11 is a secti
view depicting the workpiece 100 that has gone thro
the processing step ST16 in FIG. 4. The processing

ST16 is a step of supplying the processing gas 502
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plasma state to the workpiece 100 held by the chuck
20 and executing dry etching of the workpiece 100,
the execution of the electrostatic adhesion step ST
depicted in FIG. 10.

In the processing step ST16, continuously w
electrostatic adhesion step ST15, the control unit
keeps the valve 43-1 at the opened state and keeps
state in which the high-frequency alternating-curre
voltage is applied between the pair of turning-to-p
electrodes 51 by the high-frequency power supply 52
keep on supplying the inert gas 501 that has come i
the plasma state in the gas supply path 18 to the
workpiece 100.

Specifically, in the processing step ST16,
by control by the control unit 80, the internal spa
of the vacuum chamber 10 is further evacuated to ex
vacuuming and set the gas pressure of the internal
11 to 50 Pa or lower. Therefore, in the processing
ST16, the differential pressure between the negativ
pressure that acts on the holding surface 21 and th
pressure of the internal space 11 becomes low. The
the suction holding of the workpiece 100 by the hol
surface 21 of the chuck table 20 is substantially

released, which produces the state in which the wor
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100 is held by the holding surface 21 of the chuck table

20 substantially by the electrostatic adhesion. In the
processing step ST16, while the suction holding of the
workpiece 100 by the holding surface 21 of the chuc k

table 20 is substantially released, the control uni t 80
may switch the valve 22-1 from the opened state to the

closed state and temporarily stop the action of the
negative pressure on the holding surface 21 through the

suction path 22 from the suction source 30-1.

In the processing step ST16, after the gas pressure
of the internal space 11 is set to 50 Pa or lower, the
control unit 80 switches the valve 41-1 to the open ed
state and introduces the processing gas. Thus, in the
processing step ST16, the processing gas is turned to

plasma while passing through the gas supply path 18

because the turning-to-plasma unit 50 is continuous ly
applying the high-frequency alternating-current vol tage
between the pair of turning-to-plasma electrodes 51 by
the high-frequency power supply 52. In the process ing
step ST16, in the first embodiment, the processing gas
502 that has come into the plasma state in the gas supply

path 18 corresponding to the outside of the vacuum
chamber 10 is supplied to the workpiece 100. Furth er, in

the processing step ST16, the chuck table 20 that i S
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subjected to control by the control unit 80 and hol
workpiece 100 by electrostatic adhesion draws the
processing gas 502 in the plasma state to the workp
100 by the predetermined electric field generated a
the holding surface 21. In the processing step ST1
supplying the processing gas 502 in the plasma stat
the workpiece 100 over the holding surface 21 of th
chuck table 20 as above, dry etching of the workpie

over the holding surface 21 of the chuck table 20 i

executed by the processing gas 502 in the plasma st

In the processing step ST16, the cooling fl
source 28 supplies a cooling fluid to the cooling f
path 27 concurrently with the execution of the dry
etching of the workpiece 100. Thus, the holding su
21 of the chuck table 20 is cooled, and heat genera
due to the dry etching of the workpiece 100 held by
holding surface 21 of the chuck table 20 is release
through the chuck table 20.

In the processing step ST16, because the ma
is formed on the devices 103 of the workpiece 100,
part of the devices 103 of the workpiece 100 is pro
from the etching by the processing gas 502 in the p

state, by the mask 302. On the other hand, in the

processing step ST16, because the resin 301 has bee
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removed over the planned dividing lines 102 of the
workpiece 100 and the state in which etching is pos
is produced, the processing gas 502 in the plasma s
is drawn to the base material 100-1 at the part of
planned dividing lines 102 of the workpiece 100 and
etches and removes the base material 100-1 at the p
the planned dividing lines 102. In the processing
ST16, when the etching is executed for a predetermi
period of time under control by the control unit 80
depicted in FIG. 11, the base material 100-1 at the
of the planned dividing lines 102 of the workpiece
completely removed and etching processed grooves 60
separate the adjacent devices 103 are formed at the
of the planned dividing lines 102, resulting in the
in which the adjacent devices 103 are supported
separately from each other by the resin tape 105 st
the back surface 104. In the processing step ST16,
control unit 80 switches the valve 41-1 to the clos
state and stops the introduction of the processing
end the dry etching.

FIG. 12 is a sectional view for explaining
electrostatic adhesion stop step ST17 inFIG. 4. T
electrostatic adhesion stop step ST17 is a step of

stopping the voltage application to the electrodes
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the chuck table 20 while supplying the inert gas 50
the plasma state to the workpiece 100, after the
execution of the processing step ST16, as depicted
12.

The electrostatic adhesion stop step ST17 i
started in the state in which, continuously with th
electrostatic adhesion step ST15 and the processing
ST16, the control unit 80 keeps the valve 43-1 at t
opened state and keeps the state in which the high-
frequency alternating-current voltage is applied be
the pair of turning-to-plasma electrodes 51 by the
frequency power supply 52, to keep on supplying the
gas 501 that has come into the plasma state in the
supply path 18 to the workpiece 100.

Specifically, in the electrostatic adhesion
step ST17, first, the inert gas is introduced to th
internal space 11 of the vacuum chamber 10 and the
pressure of the internal space 11 is set to at leas
Pa and at most 5000 Pa, preferably at least 50 Pa a
most 1000 Pa, by control by the control unit 80. D
this, in the electrostatic adhesion stop step ST17,
differential pressure between the negative pressure
acts on the holding surface 21 and the gas pressure

the internal space 11 becomes sufficiently high.
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Therefore, suction holding of the workpiece 100 is
executed again by the holding surface 21 of the chu

table 20 while the state in which the electrostatic

adhesion of the workpiece 100 is executed by the ho

surface 21 of the chuck table 20 is kept.

In the electrostatic adhesion stop step ST1
in the state in which the suction holding and the
electrostatic adhesion of the workpiece 100 are exe
by the holding surface 21 of the chuck table 20, th
direct-current power supply 25 is subjected to cont
the control unit 80 and stops the application of th
direct-current voltages to the electrodes 24 to el
the potential difference generated between the elec
24. Thus, the predetermined electric field generat
cover the holding surface 21 of the chuck table 20
made to disappear. Due to this, in the electrostat
adhesion stop step ST17, the electrostatic adhesion
the workpiece 100 by the holding surface 21 of the
table 20 is stopped and released.

In the electrostatic adhesion stop step ST1
the electrostatic adhesion of the workpiece 100 by
holding surface 21 of the chuck table 20 is stopped
released, the control unit 80 stops the application

the high-frequency alternating-current voltage betw
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the pair of turning-to-plasma electrodes 51 from th
high-frequency power supply 52 of the turning-to-pl
unit 50. Thus, in the electrostatic adhesion stop
ST17, the supply of the inert gas 501 in the plasma
to the workpiece 100 is stopped.

FIG. 13 is a sectional view for explaining
opening step ST18 in FIG. 4. The door opening step
is a step of opening the door 13 after the inert ga
supplied to the vacuum chamber 10 and the gas press
the inside of the vacuum chamber 10 is adjusted to
atmospheric pressure or higher, as depicted in FIG.

Specifically, in the door opening step ST18
the vacuum state of the internal space 11 of the va
chamber 10 after the execution of the electrostatic
adhesion stop step ST17 is broken by supplying the
gas to the vacuum chamber 10 by a method similar to
carrying-in step ST12. Thus, in the door opening s
ST18, the gas pressure of the internal space 11 of
vacuum chamber 10 is adjusted to the atmospheric pr
or higher.

In the door opening step ST18, next, by am
similar to the carrying-in step ST12, the vacuum ch
10 is opened by moving the door 13 from the closing

position to the opening position by the door actuat
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unit 14 and opening the carrying-in/out port 12.

The workpiece carrying-out step ST19isa s
stopping the negative pressure caused to act from t
suction path 22 and causing the workpiece 100 to br
away from the holding surface 21 to carry out the
workpiece 100 from the vacuum chamber 10 after the
execution of the door opening step ST18.

Specifically, in the workpiece carrying-out
ST19, first, the control unit 80 stops the action o
negative pressure on the holding surface 21 through
suction path 22 from the suction source 30-1 by swi
the valve 22-1 from the opened state to the closed
Thus, in the workpiece carrying-out step ST19, the
suction holding of the frame unit 200 including the
workpiece 100 in which the etching processed groove
have been formed at the part of the planned dividin
lines 102 through the processing step ST16 by the h
surface 21 of the chuck table 20 is released, which
produces the state in which the frame unit 200 incl
the workpiece 100 has broken away from the holding
surface 21.

In the workpiece carrying-out step ST19, ne
carrying-in/out unit 60 moves from the evacuation

position to the carrying-in/out position through pa
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through the carrying-in/out port 12 opened in the d
opening step ST18 in the state in which nothing is
gripped by the gripping parts 61. Then, in the wor
carrying-out step ST19, the carrying-in/out unit 60
the frame unit 200 including the workpiece 100 that
broken away from the holding surface 21 by the grip
parts 61 at the carrying-in/out position, and moves
the carrying-in/out position to the evacuation posi
through passing through the carrying-in/out port 12
the state in which the frame unit 200 including the
workpiece 100 is gripped. In the workpiece carryin
step ST19, as above, the carrying-in/out unit 60 ca

out the frame unit 200 including the workpiece 100

which the etching processed grooves 600 have been f

at the part of the planned dividing lines 102 throu
processing step ST16, from the door 13 for carrying
in/out on the vacuum chamber 10.

As above, in the processing method of a wor
according to the first embodiment, the gas pressure
the internal space 11 is reduced while suction hold
the workpiece 100 by the holding surface 21 is kept
the gas pressure of the internal space 11 becomes a
least 50 Pa and at most 5000 Pa, preferably at leas

Pa and at most 1000 Pa. Then, under this state,
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electrostatic adhesion of the workpiece 100 is exec
by the holding surface 21. Due to this, in the pro
method of a workpiece according to the first embodi
the electrostatic adhesion of the workpiece 100 can
executed by the holding surface 21 in the state in
the chuck table 20 and the workpiece 100 are suffic
brought into tight contact with each other and the
remaining (entry) of the gas between the chuck tabl
and the workpiece 100 is reduced. This allows the
processing method of a workpiece according to the f
embodiment to provide operation and effect that the
workpiece 100 can efficiently release high heat app
in the etching through the chuck table 20.

Further, in the processing method of a work
according to the first embodiment, what is called a
anterior chamber is not disposed in the etching
processing apparatus 1. Therefore, by using the
characteristic that the gas pressure of the interna
space 11 becomes close to the atmospheric pressure
the workpiece 100 is carried in or out, the electro
adhesion is executed under the state in which the g
pressure of the internal space 11 has been reduced
suction holding by a vacuum is kept. As above, the

processing method of a workpiece according to the f
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embodiment provides operation and effect that incre
the size of the apparatus can be suppressed because
etching processing apparatus 1 does not need what i
called the anterior chamber.

Moreover, in the processing method of a wor
according to the first embodiment, the gas that has
into the plasma state outside the vacuum chamber 10
supplied to the workpiece 100 in the electrostatic
adhesion step ST15, the processing step ST16, or th
electrostatic adhesion stop step ST17. That is, th
processing method of a workpiece according to the f
embodiment is executed with what is called a remote
plasma system. Thus, the processing method of a wo
according to the first embodiment allows the surrou
of the vacuum chamber 10 of the etching processing
apparatus 1 to be more compact and therefore provid
operation and effect that increase in the size of t
apparatus can be further suppressed.

Furthermore, in the processing method of a
workpiece according to the first embodiment, the
workpiece 100 configures the frame unit 200 in whic
workpiece 100 is supported by the resin tape 105 in
opening 107 of the annular frame 106, and is held b

holding surface 21 of the chuck table 20 with the
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intermediary of the resin tape 105. Thus, the proc
method of a workpiece according to the first embodi
provides operation and effect that it is possible t
the state in which the adjacent devices 103 are sup
separately from each other by the resin tape 105 st
the back surface 104 when the part of the planned
dividing lines 102 of the workpiece 100 is complete
removed and the etching processed grooves 600 are f
by the processing step ST16.

In the processing method of a workpiece acc
to the first embodiment, instead of forming the etc
processed grooves 600, a heat affected layer of the
surface layer of the processed grooves 401 may be r
by plasma etching, and the workpiece 100 may be div
by executing dicing with a cutting blade. In this
the processing method of a workpiece according to t
first embodiment provides operation and effect that
flexural strength of the workpiece 100 can be impro
because the heat affected layer is removed by the p
etching.
[Second Embodiment]

A processing method of a workpiece accordin
second embodiment of the present invention will be

described based on a drawing. FIG. 14 is a section
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depicting an etching processing apparatus 1-2 that
executes the processing method of a workpiece accor
to the second embodiment. In FIG. 14, the same par
the first embodiment is given the same numeral and
description thereof is omitted.

As depicted in FIG. 14, the etching process
apparatus 1-2 includes a plasma-state gas supply un
instead of the gas supply path 18 and the turning-t
plasma unit 50 in the etching processing apparatus
the other configuration is similar to the etching
processing apparatus 1. In FIG. 14, the carrying-i
unit 60 is omitted.

The plasma-state gas supply unit 70 include
upper electrode 71, a high-frequency power supply 7
a raising-lowering drive part 75 as depicted in FIG

The upper electrode 71 is set in a central
of the internal space 11 in the width direction on
upper side of the internal space 11 in such a manne
to penetrate the casing of the vacuum chamber 10 an
opposed to the placement pedestal 15. The upper el
71 includes an electrode surface 72 and a gas suppl
73. The electrode surface 72 is formed in the surf
such a direction as to be opposed to the placement

pedestal 15 in the upper electrode 71. The electro
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surface 72 is opposed to the holding surface 21 of
chuck table 20 set on the placement pedestal 15 in
vertical direction. The gas supply path 73 is form

inside the upper electrode 71 and allows the electr

surface 72 and the gas supply source 40 to communic

with each other.

The high-frequency power supply 74 can appl
high-frequency alternating-current voltage between
upper electrode 71 and the electrodes 24 in the chu
table 20 that are lower electrodes. When the high-
frequency alternating-current voltage is applied by
high-frequency power supply 74, the upper electrode
and the electrodes 24 can turn the gas supplied bet
the electrode surface 72 of the upper electrode 71
the holding surface 21 of the chuck table 20 to pla
through radicalization, ionization, or the like.

The raising-lowering drive part 75 is a mec
that is disposed to connect to the upper electrode
raises and lowers the upper electrode 71 relative t
vacuum chamber 10 in the vertical direction. The r
lowering drive part 75 moves the upper electrode 71
between an evacuation position with which the elect
surface 72 of the upper electrode 71 is sufficientl

separated from the holding surface 21 of the chuck
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20 in the vertical direction and the carrying-in/ou
60 is allowed to be accepted into the carrying-in/o
position and a turning-to-plasma position with whic
electrode surface 72 of the upper electrode 71 is b
sufficiently close to the holding surface 21 of the
table 20 and the gas supplied to between the electr
surface 72 and the holding surface 21 can be turned
plasma.

In the second embodiment, the plasma-state
supply unit 70 makes it possible to supply the gas

has come into a plasma state through being turned t

plasma between the electrode surface 72 of the uppe

electrode 71 corresponding to the inside of the vac
chamber 10 and the holding surface 21 of the chuck
20 to the workpiece 100 held by the holding surface
the chuck table 20.

The processing method of a workpiece accord
the second embodiment is executed by the etching
processing apparatus 1-2 instead of the etching
processing apparatus 1 of the processing method of
workpiece according to the first embodiment. Thus,
processing method of a workpiece according to the s
embodiment, in the electrostatic adhesion step ST15

processing step ST16, and the electrostatic adhesio

52

t unit
ut

h the
rought
chuck
ode

to

gas

that

uum
table

21 of

ing to

in the
econd
, the

n stop



step ST17 in the processing method of a workpiece
according to the first embodiment, the gas that has
into the plasma state inside the vacuum chamber 10
the plasma-state gas supply unit 70 is supplied to
workpiece 100 instead of supplying, to the workpiec
the gas that has come into the plasma state outside
vacuum chamber 10 due to the gas supply path 18 and
turning-to-plasma unit 50. The other configuration
similar to the first embodiment.

The processing method of a workpiece accord
the second embodiment has the above configuration a
similar to the processing method of a workpiece acc
to the first embodiment except that the gas that ha
into the plasma state inside the vacuum chamber 10
supplied to the workpiece 100. Therefore, the proc
method of a workpiece according to the second embod
has operations and effects similar to those of the
processing method of a workpiece according to the f
embodiment.

In the processing method of a workpiece acc
to the second embodiment, the gas that has come int
plasma state inside the vacuum chamber 10 is suppli
the workpiece 100 in the electrostatic adhesion ste

the processing step ST16, or the electrostatic adhe
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stop step ST17. Thus, the processing method of a
workpiece according to the second embodiment provid
operation and effect that etching of the workpiece

can efficiently be executed because the gas that ha
into the plasma state inside the vacuum chamber 10
immediately be used for the etching of the workpiec
that exists at a position close to the position at

the gas has come into the plasma state.

The present invention is not limited to the
described embodiments. That is, the present invent
be implemented with various modifications without
departing from the gist of the present invention.

The present invention is not limited to the
of the above described preferred embodiments. The
of the invention is defined by the appended claims
all changes and modifications as fall within the
equivalence of the scope of the claims are therefor

be embraced by the invention.
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WHAT | S CLAIMED | S:

1. A processing method of a workpiece in w
workpiece with a plate shape is processed by a gas
plasma state by using a vacuum chamber that partiti
inside from atmospheric air, the processing method
comprising:

a carrying-in step of carrying in the workp
from a door for carrying-in/out on the vacuum chamb
placing the workpiece over a holding surface of a ¢
table in the vacuum chamber;

a vacuum holding step of causing a negative
pressure to act from a suction path that connects t
holding surface of the chuck table and executing su
holding of the workpiece by the chuck table, after
execution of the carrying-in step;

a pressure reduction step of closing the do
evacuating an atmosphere in the vacuum chamber to r
a gas pressure in the vacuum chamber to at least 50
and at most 5000 Pa at which low-pressure plasma is
allowed to be realized and the suction holding of t
workpiece by the chuck table is possible, after exe
of the vacuum holding step;

an electrostatic adhesion step of, while su

the workpiece by the chuck table, supplying an iner
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in a plasma state to the workpiece and applying vol
to electrodes disposed in the chuck table, to execu
electrostatic adhesion of the workpiece by the chuc
table after execution of the pressure reduction ste

a processing step of supplying a processing
a plasma state to the workpiece held by the chuck t
and executing dry etching of the workpiece after
execution of the electrostatic adhesion step;

an electrostatic adhesion stop step of stop
voltage application to the electrodes of the chuck
while supplying the inert gas in the plasma state t
workpiece, after execution of the processing step;

a door opening step of opening the door aft
inert gas is supplied to the vacuum chamber and the
pressure of inside of the vacuum chamber is adjuste
an atmospheric pressure or higher; and

a workpiece carrying-out step of stopping t
negative pressure caused to act from the suction pa
causing the workpiece to break away from the holdin
surface to carry out the workpiece from the vacuum
chamber after execution of the door opening step.

2. The processing method of a workpiece ac
to claim 1, wherein

the gas that has come into the plasma state
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the vacuum chamber is supplied to the workpiece in
electrostatic adhesion step, the processing step, o
electrostatic adhesion stop step.

3. The processing method of a workpiece ac
to claim 1, wherein

the gas that has come into the plasma state
the vacuum chamber is supplied to the workpiece in
electrostatic adhesion step, the processing step, o
electrostatic adhesion stop step.

4. The processing method of a workpiece ac
to claim 1, wherein

the workpiece configures a frame unit in wh
workpiece is supported by a resin tape in an openin
an annular frame, and is held by the holding surfac
the chuck table with intermediary of the resin tape

5. The processing method of a workpiece ac
to claim 2, wherein

the workpiece configures a frame unit in wh
workpiece is supported by a resin tape in an openin
an annular frame, and is held by the holding surfac
the chuck table with intermediary of the resin tape

6. The processing method of a workpiece ac
to claim 3, wherein

the workpiece configures a frame unit in wh
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workpiece is supported by a resin tape in an openin g of
an annular frame, and is held by the holding surfac e of

the chuck table with intermediary of the resin tape
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