PLASMA ETCH NG METHOD

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a plasma e
method.

Description of the Related Art

After grinding of a wafer by a grinding app
grinding streaks are left on the ground surface of
wafer, and the grinding streaks cause a lowering in
die strength of the wafer. In view of this problem
apparatus has been proposed for removing grinding s
from a ground surface of a wafer by plasma etching
for example, Japanese Patent Laid-Open No. 2016-143
In the plasma etching apparatus, the wafer is carri
into a reduced-pressure chamber (chamber) from
exterior through an opening and shutting door, and,
state in which the pressure inside the reduced-pres
chamber is reduced, an etching gas is supplied into
reduced-pressure chamber. Then, the etching gas br
into a plasma state is put into reaction with the w
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whereby a lowering in the die strength due to the

grinding streaks on the ground wafer is restrained.



SUMVARY OF THE | NVENTI ON

In grinding by a grinding apparatus, grindi

is supplied to the wafer and a grinding wheel, to r

heat generated due to the grinding. Particularly,

wafer having been ground is wet, and, therefore, th

ground wafer must be preliminarily dried before fed

the reduced-pressure chamber. In view of this, it

contemplated to blow dry air to the wafer and a tap

thereon to preliminarily remove water from the surf

thereof. However, although the surfaces of the waf

the tape are dried by blowing of dry air thereto, t

inside is dried insufficiently. Therefore, there h

been cases in which water present in the inside is

evaporated upon a reduction in pressure, to form a

(gap) between the tape and an electrostatic chuck.

electrostatic chuck is formed therein with a coolin

water passage for passing therethrough cooling wate

removing

between the etching gas and the wafer. If plasma e
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reaction

is conducted in a state in which the bubble is form

the electrostatic chuck and the tape are out of con
due to the bubble, so that the tape in the area of
bubble is not cooled but is exposed to a high tempe

due to the reaction heat. As a result, the adhesiv
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the tape is melted, and the adhesive is adheres to a
device upon peeling of the tape from the wafer. In

addition, when exposed to a higher temperature, a

phenomenon called “tape burn” in which the tape is melted
with the result of formation of a hole may be gener ated.

It is therefore an object of the present in vention
to provide a plasma etching method by which tape bu rn can

be prevented from occurring.

In accordance with an aspect of the present

invention, there is provided a plasma etching metho d for
plasma-etching a ground surface of a wafer by a pla sma
etching apparatus after the wafer with a tape attac hed to
its surface on one side is subjected to grinding of its

surface on an other side by a grinding wheel while

supplying grinding water, the plasma etching appara tus
including an electrostatic chuck for holding the wa fer
through the tape by an electrostatic force generate d by
supplying direct current power to electrodes dispos ed
inside, and a reduced-pressure chamber which accomm odates
the electrostatic chuck holding the wafer, the pres sure

inside which is reduced, in which a reaction gas is

brought into a plasma state, and in which plasma et ching
of the wafer is conducted. The plasma etching meth od
includes a drying step of applying heat to the tape to



remove water present in the tape, an electrostatic
holding step of supplying direct current power to t
electrodes of the electrostatic chuck to generate s
electricity and to thereby electrostatically hold t
wafer, after the drying step, and an etching step o
reducing the pressure in the reduced-pressure chamb
and plasma-etching the ground surface of the wafer
by the electrostatic chuck by the reaction gas brou
into the plasma state, after the electrostatic hold
step.

According to this configuration, even when
water is absorbed in the tape due to the grinding,
positive heating of the taper makes it possible to
the water present in the tape. Therefore, even upo
reduction in the pressure inside the reduced-pressu
chamber at the time of the etching step, no water ¢
out of the tape, so that generation of a bubble bet
the tape and a holding surface of the electrostatic
can be prevented. Accordingly, tape burn can be pr
from occurring due to plasma etching.

According to the present invention, generat
bubble between the tape and the holding surface of
electrostatic chuck can be prevented, and tape burn

be prevented from occurring.
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The above and other objects, features and
advantages of the present invention and the manner
realizing them will become more apparent, and the
invention itself will best be understood from a stu
the following description and appended claim with
reference to the attached drawings showing a prefer

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIGS. 1A to 1C are partial enlarged section
illustrating a case where a wafer is held by a meth
according to the prior art;

FIG. 2 is a schematic sectional view depict
example of a drying step according to the present
embodiment; and

FIG. 3 is a schematic sectional view depict
example of an electrostatic holding step and an etc

step according to the present embodiment.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

In a plasma etching apparatus, a wafer having been
ground is attracted and held by an electrostatic ch
disposed in a reduced-pressure chamber. The interi

the reduced-pressure chamber is reduced in pressure

uck

or of



after which a reaction gas (etching gas) is supplie
Then, high-frequency electric power is supplied to
reaction gas to bring the reaction gas into a plasm
state, and the wafer is plasma etched by the reacti
brought into the plasma state.

In such a plasma etching apparatus, itis n

to reduce the pressure inside the reduced-pressure

chamber as above-mentioned. Since pressure reducti
for the reduced-pressure chamber depends on the hum
in the reduced-pressure chamber, it is not so prefe
to carry a wet wafer having been processed (for exa
having been ground) into the reduced-pressure chamb
Therefore, it may be contemplated to preliminarily
the surface of the processed wafer by, for example,
blowing dry air thereto.

FIGS. 1A to 1C are partial enlarged section
illustrating a case where a wafer is held by a meth
according to the prior art. FIG. 1A depicts the wa
a state immediately after grinding thereof, FIG. 1B
depicts the wafer in a state in which the pressure
reduced-pressure chamber is reduced, and FIG. 1C de
the wafer in a state during etching thereof. As de
in FIGS. 1A to 1C, a tape T as a protective member

attached to a lower surface of the wafer W. The ta

the

on gas

ecessary

on time

idity
rable
mple,
er.

dry

al views
od

fer in

in the

picts

picted

pe T



has an adhesive material applied to a surface of a
material, and the adhesive material side is the att

surface (adhesive surface) of the tape T.

The base

material is formed from a synthetic resin such as

polyurethane, polyethylene terephthalate (PET),
polyolefin, and is water-absorbing (hygroscopic), t
only slightly.
During grinding, the wafer W is attracted a

by a holding table 6 of a grinding apparatus throug
tape T, as depicted in FIG. 1A, so that the base ma
side is not exposed directly to the outside. Howev
processing water such as grinding water is absorbed
the base material through an outer peripheral porti
Even if air is blown to the surface of the wafer W

the wafer W is carried into the reduced-pressure ch

therefore, water absorbed in the tape (base materia

cannot be removed.
pressure inside the reduced-pressure chamber would
water to come out of the inside of the base materia
to be evaporated, possibly forming a bubble B betwe
tape T and a holding surface 41 of an electrostatic

4, as illustrated in FIG. 1B.

When plasma etching is conducted in a state

which the bubble B is left between the tape T and t

or
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holding surface 41, the periphery of the bubble B i
warmed by the heat of etching in a state in which a
of the work (the wafer W and the tape T) is floated
the holding surface 41.

Particularly during etching, cooling water
flowing in a water jacket (not depicted) formed in
inside of the electrostatic chuck 4, as depicted in
1C, whereby an abnormal rise in temperature of the
electrostatic chuck 4 and the wafer W is restrained
occurring. However, since the lower surface of the
at the part where the bubble B has been generated a
above-mentioned is not in contact with the holding
surface 41, the tape T is not properly cooled there
result, a phenomenon called “tape burn” in which th
T in the vicinity of the bubble B is exposed to hig
temperature and is burned, resulting in formation o
hole, may be generated.

In view of this problem, paying attention t
material of the tape (base material), the present
inventor has found out that the phenomenon in which
reduction in the pressure inside the reduced-pressu
chamber causes water in the tape T to come out of t
tape T and to be evaporated, resulting in the forma

of the bubble B between the tape T and the electros
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chuck 4, arises from the difference in water-absorb
property depending on the kind of the tape T. In o
words, the gist of the present invention resides in
positively heating the tape T to remove water prese

the tape T prior to etching, taking into account th

that water used during grinding is absorbed in the

Specifically, in the present embodiment, pr
holding the wafer W by the electrostatic chuck 4, t
wafer W is preliminarily placed on a heater table 3
heat is applied from the heater table 3 to the tape
thereby removing water present in the tape T (see F
As a result, the tape T is preliminarily dried, so
even when the pressure inside a reduced-pressure ch
C is reduced after the wafer W is carried onto the
electrostatic chuck 4, no water comes out of the ta
and, therefore, formation of a bubble between the t
and the electrostatic chuck 4 does not occur. For
reason, generation of tape burn can be prevented, e
when plasma etching is carried out.

A plasma etching method according to the pr
embodiment will be described below, referring to th
attached drawings. FIG. 2 is a schematic sectional
depicting an example of a drying step according to

present embodiment. FIG. 3 is a schematic sectiona
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depicting an example of an electrostatic holding st
an etching step according to the present embodiment
While a plasma etching apparatus 1 of a capacitivel
coupled plasma (CCP) type is taken as an example of
reduced-pressure treatment apparatus in describing
present embodiment, the reduced-pressure treatment
apparatus may be any of other various plasma etchin
apparatuses such as a plasma etching apparatus of a
inductively coupled plasma (ICP) type. In addition
reduced-pressure treatment apparatus need only be a
apparatus for treating a wafer in a reduced-pressur
condition, and may be, for example, a film forming
apparatus for growth of a film on a surface of a wa

The plasma etching method according to the
embodiment is a method of plasma-etching an upper s
(ground surface) of a wafer W after the wafer W wit
taper T attached to its surface on one side (lower
surface) is subjected to grinding of its surface on
other side (upper surface) by a grinding wheel.
Specifically, the plasma etching method is carried
through a drying step of drying the tape T on the |
surface of the wafer W (see FIG. 2), an electrostat
holding step of electrostatically holding the wafer

an electrostatic chuck 4 (see FIG. 3), and an etchi
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step of plasma-etching the ground surface of the wa
by a reaction gas brought into a plasma state (see
3), the steps being carried out after the ground su
(surface to be ground) of the wafer W is ground whi
supplying grinding water.

Note that the wafer W as an object to be he
the present embodiment is a semiconductor wafer for
a disk-like shape from silicon (Si), gallium arseni
(GaAs) or the like, and the tape T as a protective
is attached to the lower surface of the wafer W. T
wafer W is not limited to the semiconductor wafer,
may be any one that can be an object to be held. F
instance, the wafer W may be an optical device wafe
formed from sapphire or silicon carbide. Besides,
material of the tape T is not specifically restrict
For example, the tape T is formed by applying an ad
material to a surface of a base material, and the b

material is formed from a synthetic resin such as

polyurethane, polyethylene terephthalate (PET), or

polyolefin.

In the present embodiment, it is assumed th
tape T is water-absorbing, though only slightly, an
to the grinding of the surface (surface to be groun

the wafer W while supplying grinding water to the w
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in the preceding grinding step, a portion of the gr
water has been absorbed into the tape T.

In the first place, the drying step will be
described. As illustrated in FIG. 2, the wafer W i
preliminarily subjected to the drying step, before
carried into a reduced-pressure chamber C (see FIG.

a plasma etching apparatus 1 by carrying means 2.

carrying means 2 is configured to hold the upper su

of the wafer W and to carry the wafer W onto an

electrostatic chuck 4 (see FIG. 3) which will
described later.

The carrying means 2 is a porous chuck capa

holding the wafer W by suction and moving it to an

arbitrary position, in which a holding surface 20 f
of a porous material such as a ceramic is formed at
lower surface of a disk-shaped frame body. By a ne
pressure generated at the holding surface 20, the w
can be suction held. In addition, the carrying mea
configured to be movable in the vertical direction
horizontal directions by a moving mechanism 21.

In the drying step, heat is applied to the
to dry the tape T, whereby water present in the tap
removed. Specifically, as depicted in FIG. 2, a he

table 3 is positioned on the lower side of the wafe
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suction held by the carrying means 2. The heater t
iIs composed of a disk substantially equal to or gre
than the wafer W in diameter, with a heater
incorporated therein over substantially the whole i
region thereof. A direct current (DC) power source
connected to the heater 30. In addition, a tempera
sensor 32 for detecting the temperature of the heat
table 3 is provided in the disk. The heater table
preliminarily heated by the heater 30; for example,
temperature of the heater table 3 is regulated in s
manner that an output value of the temperature sens
is 60 degrees.

The carrying means 2 is lowered in such a m
that the lower surface of the tape T makes contact
the upper surface of the heater table 3. Then, the

is left to stand for a predetermined time (for exam
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one minute), whereby the tape T is heated. By this

process, even in the case where grinding water has
absorbed in the tape T in the preceding grinding st

is possible to remove the water present in the tape

to dry the tape T.

In this case, the tape T may be heated with

been
ep, it
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wafer W pressed against the heater table 3 by the

carrying means 2, or the tape T may be heated in a

13

State



in which the suction holding of the wafer W by the

carrying means 2 is released and the carrying means 2 is
spaced from the wafer W. Note that in the case whe re the
carrying means 2 is spaced from the heater table 3, the
heater table 3 preferably has a configuration in wh ich a
porous plate can communicate with a suction source such
as to suction hold the tape T and in which a heater IS

disposed in the porous plate.

In addition, the drying step is not limited to the
configuration in which drying is conducted with the wafer
W placed on the heater table 3, and can be modified , as
required. For instance, instead of using the heate r table
3, the tape T may be heated by blowing hot air towa rd the
tape T from the lower side of the wafer W in a stat e in
which the upper surface of the wafer W is suction h eld by
the carrying means 2. Besides, the carrying means 2 may
be provided with a heater, and the tape T is indire ctly
dried by heating the wafer W in a state in which th e

wafer W is suction held by the carrying means 2.

In addition, while details will be describe d later,
the drying step is preferably carried out while the wafer
W is subjected to plasma etching by the etching app aratus
1. By this procedure, a waiting time of the etchin g step
can be effectively utilized, and the tact time of t he

14



steps as a whole can be shortened.

Next, the electrostatic holding step and th
etching step are carried out. Here, a general
configuration of the plasma etching apparatus 1 wil
described. As depicted in FIG. 3, the plasma etchi
apparatus 1 has a housing unit 10 that partitions a
predetermined reduced-pressure chamber C. The hous
unit 10 is provided with an introduction port 11 fo
introducing a reaction gas or the like therethrough
an exhaust port 12 for exhausting the reaction gas
like. In  the reduced-pressure chamber C, the
electrostatic chuck 4 as a lower electrode unit for
forming an electric field and an upper electrode un
are disposed opposite to each other, with a predete
spacing therebetween in the vertical direction.

The electrostatic chuck 4 is composed of a
greater than the wafer W in diameter, and is provid
an upper surface with a holding surface 41 formed w
plurality of minute holes 40 (suction ports). The
plurality of minute holes 40 are disposed at
predetermined intervals, in a range on the inside o
outer edge of the wafer W. The plurality of minute
40 communicate with a common communication passage

inside the disk, and are connected to (communicatin
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with) a suction source 43. With the holding surfac
drawn by the suction source 43, a negative pressure
generated on the holding surface 41. Thus, the suc
source 43, the plurality of minute holes 40 and the
communication passage 42 constitute suction holding
for suction holding (tentatively holding) the wafer

In addition, other than the above-mentioned
configuration, a pair of electrodes 44 are disposed
inside the electrostatic chuck 4. The pair of elec
44 are embedded in the disk, ranging over substanti
the whole part of the holding surface 41. The elec

44 are connected to a DC power source 45. DC power

applied from the DC power source 45 to the pair of

electrodes 44, whereby static electricity can be

generated on the holding surface 41. The pair of

electrodes 44 and the DC power source 45 constitute

electrostatic  holding means for electrostatically
attracting and holding (truly holding) the wafer W.

that the electrodes 44 may be formed either in a si

pole structure or in a double-pole structure. Besi

the electrostatic chuck 4 is connected to a high-
frequency power source 46. On the other hand, the
electrode unit 5 has a lower surface that faces the

surface of the wafer W. The upper electrode unit 5
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connected to an earth 51.

The carrying means 2 (see FIG. 2) is moved
reduced-pressure chamber C with the wafer W held th
and the position thereof is adjusted in such a mann
that the center of the holding surface 41 and the c

of the wafer W coincide with each other, after whic

carrying means 2 is lowered to a height at which th

lower surface of the wafer W makes contact with the

holding surface 41. Then, the suction holding of t
wafer W (its upper surface) by the carrying means 2
released. On the other hand, the plurality of minu
holes 40 and the communication passage 42 and the s
source 43 are made to communicate with one another,
suction force is generated on the holding surface 4
the suction source 43, whereby the lower surface of
wafer W is suction held (tentatively held) on the h
surface 41.

In the electrostatic holding step, as depic
FIG. 3, the suction holding of the wafer W by the s

source 43 is released, and, on the other hand, the

power is supplied to the pair of electrodes 44 to

generate static electricity on the holding surface
whereby the wafer W is electrostatically attracted

held, or truly held, on the holding surface 41 thro
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the tape T.
Then, the etching step is performed. In th
etching step, the pressure inside the reduced-press

chamber C is reduced, and a reaction gas is introdu

into the reduced-pressure chamber C through the

introduction port 11. Since water in the tape T ha
preliminarily removed in the drying step as above-
mentioned, no water comes out of the tape T even wh
pressure inside the reduced-pressure chamber C is r

Note that as the reaction gas, there is used, for e

a fluorine-containing fluorine-based stable gas suc

sulfur hexafluoride (SF 6), methane tetrafluoride (CF

and nitrogen trifluoride (NF 3).

In a state in which the reaction gas is sup
such a manner as to cover the wafer W, a high-frequ
voltage is impressed between the electrostatic chuc
and the upper electrode unit 5, whereby the reactio
is brought into a plasma state (is radicalized). B
reaction gas brought into the plasma state, the gro
surface of the wafer W is subjected to dry etching
(isotropic etching) through radical chain reactions
whereby grinding streaks are removed from the groun
surface of the wafer W, and the die strength of the

W is enhanced. Note that a plurality of introducti
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ports (not depicted) may be formed in the lower sur face
of the upper electrode unit 5, and the reaction gas may

be supplied through the upper electrode unit 5.

Tape burn can be prevented from occurring, since
water in the tape T has been removed, as aforementi oned.
Note that during the etching step, the drying step for
the wafer W scheduled to be etched next is preferab ly
carried out. By this procedure, the time required for the

etching step can be effectively utilized.

As has been described above, according to t he
present embodiment, even when grinding water is abs orbed
in the tape T due to grinding, positive heating of the

tape T by the drying step makes it possible to

preliminarily remove the water present in the tape T.
Therefore, even upon a reduction in the pressure in side
the reduced-pressure chamber at the time of the etc hing
step, no water comes out of the tape T, and generat ion of

a bubble between the tape T and the holding surface 41 of
the electrostatic chuck 4 can be prevented. Conseq uently,
tape burn can be prevented from occurring when plas ma

etching is performed.

Note that while the plasma etching apparatu s has
been taken as an example of the etching apparatus i n
describing the above embodiment, this configuration IS

19



not restrictive. The plasma etching method of the
invention may be applied to any apparatus.

In addition, each of the steps in the above
embodiment merely depicts an example, and the seque
operations of the apparatus and operations of the
operator in each step can be modified, as required.
Besides, each step can be carried out full-automati
or, for example, the drying step may be manually ca
out by the operator.

In addition, while the temperature of the h
table 3 has been adjusted to 60 degrees in the abov
embodiment, this configuration is not restrictive.
temperature of the heater table 3 can be modified a
required, according to the material of the tape T o
size (of the wafer W) or the like. For example, in
case where the material of the tape T is a highly w
absorbing material or the size is comparatively lar
is preferable to elevate the set temperature of the
heater table 3.

Besides, while the heating time of the tape
the heater table 3 in the drying step has been set,
example, to one minute in the above embodiment, thi

not limitative, and the heating time can be changed

required. The heating time can also be changed as
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required, according to the material of the tape T o r the

size (of the wafer W) or the like, as above-mention ed.
For instance, in the case where the material of the tape
T is a highly water-absorbing material or the size IS
comparatively large, it is preferable to set a long er
heating time for the tape T. In addition, while th e
embodiment and modifications have been described, w hole-
basis or partial combinations of the above embodime nt and
modifications may be used as another embodiment of the

present invention.
The embodiment of the present invention is not
limited to the above-described embodiment, and vari ous

changes, replacements and modifications may be made

without departing from the gist of the technical th ought
of the invention. Furthermore, if the technical th ought
of the present invention can be realized in a diffe rent
manner, owing to the progress of technology or by o ther
derived technology, the present invention may be ca rried
out by the different method. Accordingly, the clai ms
cover all the embodiments which can fall within the scope

of the technical thought of the present invention.
As has been described above, the present in vention
has an effect to enable prevention of tape burn, an dis

particularly useful for a plasma etching method.
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The present invention is not limited to the
of the above described preferred embodiment. The s
the invention is defined by the appended claim and
changes and modifications as fall within the equiva
of the scope of the claim are therefore to be embra

the invention.
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WHAT | S CLAIMED I S:

1. A plasma etching method for plasma-etch
ground surface of a wafer by a plasma etching appar
after the wafer with a tape attached to its surface
one side is subjected to grinding of its surface on
other side by a grinding wheel while supplying grin
water,

the plasma etching apparatus including an
electrostatic chuck for holding the wafer through t
tape by an electrostatic force generated by supplyi
direct current power to electrodes disposed inside,
reduced-pressure chamber which accommodates
electrostatic chuck holding the wafer, the pressure
inside which is reduced, in which a reaction gas is
brought into a plasma state, and in which plasma et
of the wafer is conducted,

the plasma etching method comprising:

a drying step of applying heat to the tape
remove water present in the tape;

an electrostatic holding step of supplying
current power to the electrodes of the electrostati
chuck to generate static electricity and to thereby
electrostatically hold the wafer, after the drying

and
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an etching step of reducing the pressure in
reduced-pressure chamber, and plasma-etching the gr
surface of the wafer held by the electrostatic chuc
the reaction gas brought into the plasma state, aft

electrostatic holding step.
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