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FIG.4
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PLASMA ETCHING METHOD AND
APPARATUS THEREFOR

FIELD OF THE INVENTION

The present invention relates to a plasma etching method
and an apparatus for converting a process gas including a
fluorine-containing compound gas into a plasma and etching
a silicon portion of an object to be processed with the plasma.

BACKGROUND OF THE INVENTION

Recently, a three-dimensional package device having a
three-dimensional device structure has been developed. This
three-dimensional package device is highly efficient in terms
of space usage and is obtained by stacking single-crystal
silicon (Si) substrates or the like having, e.g., logic or memory
functions, to form a multi layered structure, and connecting
the layers with interconnections.

To realize three-dimensional package device, the intercon-
nection through holes, diameters thereof ranging between 10
pm and 70 um, must be formed in the silicon substrates,
thickness thereof ranging between 100 um and 200 pm, and
this requires very high-rate etching.

There is disclosed in Japanese Patent Laid-open Publica-
tion NO.2002-093776 (paragraph 0034, 0037) a method for
realizing a high-rate silicon etching of about 20 um/min by
using a gas having a large number of Fs in one molecule, e.g.,
SF, (sulfur hexafluoride) or S,F,, (disulfur decafluoride), as
a fluorine-containing compound gas and by converting the
gas into a plasma with a gas pressure in a process chamber
being set as high as 13 pa to 1,333 pa (100 mTorr to 10 Torr)
to generate a sufficient amount of radicals therefor.

However, when a silicon portion is etched by using SF,
SiF s (silicon tetrafluoride) are produced as an etching reac-
tion product as a consequence of fluorine radicals reacting
with Si, as shown in the following reaction equation 1:

A4F*+Si—SiF, [Reaction equation 1]

The SiF s produced in the holes are emitted from the holes.
However, when an etching rate of the silicon reaches several
tens of um/min, an amount of etching reaction product emit-
ted from the holes becomes as large as that of fluorine radicals
which are supplied into the holes, as a consequence of the
SiF,s formed thereinside correspondingly increasing. This
increase in a partial pressure of SiF,s inside the holes limits
increasing of a partial pressure of fluorine radicals, resulting
in preventing the etching speed (etching rate) from further
being increased.

In addition, Japanese Patent Laid-open Publication
NO.S61-032429 (page 2.) discloses an etching method in
which the silicon portion is etched by using SF, gas as a
process gas, wherein a partial pressure of the gas is set to 50
Pa and SF, molecules are vibrated and excited with CO, laser
of 10 kw, but it is deficient in that it does not disclose an
etching method for etching the silicone portion at high etch-
ing rate of more than 20 um/min.

The present invention is invented according to the above
circumstances, the object of the present invention is to pro-
vide a plasma etching method and an apparatus capable of
etching silicon at a high rate when etching a portion of an
object to be processed.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to provide
aplasma etching method and an apparatus capable of etching
silicon at a high rate when etching a portion of an object to be
processed.
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In accordance with a first aspect of the present invention,
there is provided a plasma etching method, the method
including: converting a process gas including a fluorine-con-
taining compound gas into a plasma; and etching a silicon
portion of an object to be processed with the plasma, wherein
a light having a peak intensity of light in a wavelength range
of light absorption of a reaction product produced by an
etching is irradiated onto a surface of the object to be pro-
cessed.

Itis preferable that the reaction product is silicon tetrafluo-
ride (SiF,) and the wavelength range of light absorption is
from 9 pm to 10 pm.

Moreover, it is preferable that the fluorine-containing com-
pound gas includes at least one of SF, or S,F .

It is also preferable that the process gas includes oxygen
gas.

In accordance with another aspect of the present invention,
there is provided a plasma etching apparatus for etching a
silicon portion of an object to be processed mounted on a
susceptor with a plasma which is obtained by converting a
process gas including a fluorine-containing compound gas
thereinto in an airtight process chamber, the apparatus includ-
ing: a light source which emits a light having peak intensity of
light in a wavelength range of light absorption of a reaction
product between the fluorine-containing compound and sili-
con, and irradiates the light onto a surface of the object to be
processed mounted on the susceptor; and a gas supply unit
introducing the process gas into the process chamber.

It is preferable that the light source is disposed outside the
process chamber; and the gas supply unit includes gas inlet
holes for introducing the process gas into the process chamber
and light transmitting windows for transmitting a light from
the light source into the process chamber; and the gas inlet
holes and the light transmitting windows are formed in sur-
face of the gas supply unit facing the susceptor.

Besides, it is preferable that the light transmitting windows
have a function of a band-pass filter, selectively transmitting
a light in a wavelength range of light absorption.

According to present invention, the silicon portion of the
object to be processed is etched with the plasma which is
obtained by converting the SF, gas and oxygen gas into a
plasma, and at the same time, by irradiating the etching reac-
tion product on the surface of the object to be processed, e.g.,
SiF,, with a light in a wavelength range of light absorption
thereof allowing the etching reaction product to absorb the
light, be activated and gain kinetic energy to be used in
promptly escaping from the hole. Thus, because an amount (a
partial pressure) of the etching reaction product can be
decreased in the hole, an amount (a partial pressure) of an
etchant can be increased and this will result in an etching rate
of' the silicon being increased.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of preferred embodiments given in conjunction with the
accompanying drawings, in which:

FIG. 1 shows a view showing an arrangement of a plasma
etching apparatus for realizing a plasma etching method
according to the present invention;

FIG. 2 describes a graph showing a light absorption spec-
trum of SiF, and SF;

FIG. 3 depicts a perspective view showing a gas head
formed in the plasma etching apparatus;

FIG. 4 illustrates a view schematically showing a dipole
ring magnet arranged around a process chamber;
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FIG. 5 offers a view for explaining an electric field and
magnetic field formed in the process chamber;

FIG. 6 provides a longitudinal cross sectional view show-
ing a substrate to be processed loaded in the process chamber;
and

FIG. 7 presents a schematic diagram for explaining an
example of a plasma etching method according to the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A plasma etching apparatus for explaining a plasma etch-
ing method will first be described in detail with reference to
FIGS. 1to 4. In this example, a magnetron RIE (Reactive Ion
Etching) apparatus is used as a plasma etching apparatus.
This etching apparatus has a stepped cylindrical process
chamber (vacuum chamber) 1 made of, e.g., aluminum. The
process chamber 1 is formed of two cylinders with different
diameters that are connected to each other. The process cham-
ber 1 has small-diameter upper chamber 1a and lower cham-
ber 15 with a diameter larger than that of the upper chamber
1a. The process chamber 1 can be held in a vacuum state.

A support table 2 as a susceptor for horizontally holding a
substrate to be processed W as an object to be processed is
formed in the process chamber 1. The support table 2 is made
of, e.g., aluminum and is supported by a support base 4 made
of a conductor through an insulating plate 3. In addition, a
focus ring 5 made of a material other than silicon, e.g., quartz,
is formed on a periphery of the support table 2. The support
table 2 and support base 4 can be vertically moved by a ball
screw mechanism including ball screws 7. The driving por-
tion of the ball screw mechanism below the support base 4 is
covered with a bellows 8 made of stainless steel (SUS). A
bellows cover 9 is formed outside the bellows 8. A baftle plate
10 is placed outside the focus ring 5.

Furthermore, the focus ring 5 is electrically connected to
the process chamber 1 through the baffle plate 10, support
base 4 and bellows 8. Moreover, the process chamber 1 is set
at a GND potential.

An exhaust port 11 is formed in a side wall of the lower
chamber 15 and the exhaust port 11 is connected to a vacuum
pump 12. The vacuum pump 12 is actuated to reduce the
pressure in the process chamber 1 to a predetermined vacuum
degree. In addition, a gate valve 13 for loading/unloading the
substrate to be processed W is formed in the upper portion of
the side wall of the lower chamber 15.

The support table 2 is connected to a plasma-generating
first RF power supply 15 through a matching unit 14. The RF
power supply 15 supplies RF power with a predetermined
frequency to the support table 2. The support table 2 is con-
nected to an ion-inducting second RF power supply 19
through a matching unit 18. The RF power supply 19 supplies
RF power to the support table 2 with a frequency lower than
that of the first RF power supply 15. In the meantime, a gas
shower head 20, which will be described in detail, as a gas
supply unit is formed above the support table 2. The gas
shower head 20 is set parallel to the support table 2. The gas
shower head 20 is set at the same GND potential as the
process chamber 1. Thus, the support table 2 and the gas
shower head 20 act as a pair of electrodes.

An electrostatic chunk 6 for chunking and holding the
substrate to be processed W using an electrostatic force is
formed on the surface of the support table 2. The electrostatic
chunk 6 is formed by incorporating an electrode 6a in an
insulator 65. The electrode 6a is connected to a DC power
supply 16. When the DC power supply 16 applies a voltage to
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the electrode 64, an electrostatic force, e.g., the Coulomb
force, is generated to attract and hold the substrate to be
processed W.

The support table 2 has a refrigerant area 17 therein. A
refrigerant is introduced to the refrigerant area 17 through a
refrigerant inlet pipe 17a. The refrigerant is circulated in the
refrigerant area 17 such that it is discharged through a refrig-
erant discharge pipe 17b. The cooling heat of the refrigerant
is transferred to the substrate to be processed W from the
lower side through the support table 2. Thus, the process
surface of the substrate to be processed W is maintained at a
desired temperature.

A light source 40 is formed above the gas shower head 20.
A light source having peak intensity of light in a wavelength
range of light absorption of an etching reaction product, e.g.,
SiF,, formed during an etching is used as the light source 40.
For example, a halogen lamp or a semiconductor laser can be
used as the light source 40. In case that the etching reaction
product is SiF,, as shown in FIG. 2A, a light absorption
spectrum of SiF, ranges from 9 um to 10 um. Thus, a peak
intensity of light of the light source 40 must be included in the
wavelength range. And FIG. 2B shows light absorption spec-
trums of SF; as an etching gas and SF, as the etching reaction
product. The SF and SiF, will be described hereinafter. As
shown in FIG. 2B, the SF and SF,, show a peak absorbance in
a range of wave number 947 cm-1 (wavelength 10.6 um) and
1030 cm-1 (wavelength 9.7 um) respectively. Also, in order to
cover the round-shaped substrate on the support table 2, a
plurality of bar-shaped lamps having almost same diameter as
the substrate are installed in parallel.

The gas shower head 20 is a hollow form of a flat cylindri-
cal-shape. The gas shower head 20 has a diffusion space 21.
The gas shower head is formed at the ceiling portion in the
process chamber 1, to be parallel to the support table 2. As
shown in FIG. 1 and FIG. 3, a large number of light transmit-
ting windows 22, e.g., whose diameter ranges from 5 mm to
20 mm are formed in an upper surface 20a of the gas shower
head 20. In addition, a large number of gas inlet holes 23, e.g.,
whose diameter ranges from 0.5 mm to 1 mm and a large
number of light transmitting windows 24, e.g., whose diam-
eter ranges from 5 mm to 20 mm are formed in a lower surface
204 of the gas shower head 20. The light transmitting win-
dows 24 are parallel to the light transmitting windows 22. In
the layout of the light source 40, a light from the light source
40 is set to be irradiated uniformly onto the substrate to be
processed W.

Materials capable of transmitting a light at a high transmit-
tance in a wavelength range of light absorption of an etching
reaction product, e.g., SiF,, formed during the etching, on the
substrate to be processed W, are used for the light transmitting
windows 22 and 24. For example, BaF ,, Ge, KCl, KBr, KRS-
5, ZnSe and ZnS are used for the light transmitting windows
22 and 24. The light transmitting windows 22 and 24 may
have a function of a band-pass filter, selectively transmitting
a light in a wavelength range of light absorption.

In addition, a gas inlet portion 27 is formed at the one end
of the upper surface 20a of the gas shower head 20. The gas
inlet portion 27 is connected to a gas supply pipe 29 and the
other end of the gas supply pipe 29 is branched off into a
branch pipe 29a and 295. A gas supply source 30 for a fluo-
rine-containing compound gas, e.g., SF, is connected to the
branch pipe 294 through a group of gas supply devices 31. A
gas supply source 32 for an oxygen (O,) gas is connected to
the branch pipe 295 through a group of gas supply devices 33.
The gas mixture of SF; and O, is used as a process gas (an
etching gas). The etching gas flows via the gas supply pipe 29
and the gas inlet portion 27 to reach the diffusion space 21 in
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the gas shower head 20. The etching gas is then discharged
from the gas inlet holes 23 into the process chamber 1. Also,
the group of gas supply devices 31 and 33 include a mass flow
controller such as a valve or a flow rate controller.

Meantime, a ring-shaped dipole ring magnet 34 is arranged
around the upper chamber 1a. As shown in the horizontal
sectional view of FIG. 4, the dipole ring magnet 34 is com-
prised by attaching a plurality of anisotropic segment colum-
nar magnets 35 to a casing 36 formed of a ring-like magnetic
body. Inthis example, 16 anisotropic segment columnar mag-
nets 35 which form columns are arranged in the ring-like
shape. In FIG. 4, arrows shown in the anisotropic segment
columnar magnets 35 indicate the directions of magnetic
fluxes. The directions of the magnetic fluxes of the plurality of
anisotropic segment columnar magnets 35 are slightly shifted
from each other to form a uniform horizontal magnetic field
B, directed in one direction, as a whole.

Therefore, as schematically shown in FIG. 5, in the space
between the support table 2 and gas shower head 20, upon
application of the RF power from the first RF power supply
15, an electric field EL in the vertical direction along the
upper and lower electrodes is formed. Also, the horizontal
magnetic field B parallel to the direction along the upper and
lower electrodes is formed by the dipole ring magnet 34. As a
consequence of the orthogonal electromagnetic fields formed
in this manner, a magnetron discharge is generated, which, in
turn, generate plasma of the etching gas in a high-energy
state.

The plasma etching method using the etching apparatus
with the above arrangement will be described. Also, as the
substrate to be processed W, a silicon substrate, e.g., in which
circuit units are formed respectively is used. And after the
silicon substrate is etched by a process described in here and
thereafter, interconnections through holes are formed in the
silicon substrate by a burying Copper and others, the substrate
is made thin and then the substrates are stacked together to
form a three dimensional package device.

First, the gate valve 13 is open, and as shown in FIG. 6, the
substrate to be processed W having, as its top layer, a silicon
substrate 80 whose top surface is patterned with a silicon
oxide film 90 (SiO, film) is loaded in the process chamber 1
and is placed on the support table 2. Thereafter, the support
table 2 is moved upward to the position shown in FIG. 1 and
the interior of the process chamber 1 is evacuated by the
vacuum pump 12 through the exhaust port 11.

And, SF gas is discharged from the gas supply source 30
into the process chamber 1 through the gas inlet holes 23 in
the gas shower head 20 with a flow rate ranging from, e.g., 50
sccm (standard cubic centimeter per minute) to 1000 sccm
and O, gas is discharged from the gas supply source 32 into
the process chamber 1 through the gas inlet holes 23 in the gas
shower head 20 with a flow rate ranging from , e.g., 0 sccm to
500 sccm. In addition, when SF gas is used with O, gas,
silicon oxide gets attached to a side wall of a recess portion in
the silicon substrate, allowing the side wall to maintain its
structural integrity, enhancing the etching anisotropy and
improving the etching shape. And, the gas pressure in the
process chamber 1 is setto, e.g., 13 Pato 1,333 Pa (100 mTorr
to 10 Torr), and in this gas atmosphere, RF power of, e.g., 40
Mhz is supplied to the support table 2 by the first RF power
supply 15.

Meanwhile, RF power of, e.g., 3.2 Mhz is supplied to the
support table 2 by the second RF power supply 19 in order to
control the ion energy of the plasma. At this time, the DC
power supply 16 applies a predetermined voltage to the elec-
trode 6a of the electrostatic chunk 6, so that the substrate to be
processed W is attracted to and held by the electrostatic chunk
6 with, e.g., the Coulomb force. Upon application of the RF
power, an RF electric field is formed between the upper
electrode, i.e., the gas shower head 20 (as the upper electrode)
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and the lower electrode, i.e., the support table 2 (as the lower
electrode). The horizontal magnetic filed B is formed
between the gas shower head 20 and the support table 2 by the
dipole ring magnet 34.

Hence, orthogonal electromagnetic fields of, e.g., 17,000
uT (170 G) are formed in the process space between the
electrodes where the substrate to be processed W is located.
The drift of electrons caused by the orthogonal electrostatic
field causes a magnetron discharge. The magnetron dis-
charge, in turn, converts SF gas and O, gas into a plasma, and
fluorine radicals (F*) in the plasma state etch the silicon
substrate 80 in the direction of thickness.

At this time, as shown in the following reaction equation 2,
SiF, is created by a reaction between fluorine radicals and Si.
In addition, as shown in the following reaction equation 3, as
a consequence of SF,, Si and O, reacting with each other,
SiF, and SO, are also created as a part of the etching reaction.
Regardless, SiF, is the major etching reaction product in the
etching reaction.

A4F*+Si—SiF, [Reaction equation 2]

SF 4+Si+0,—=SiF,+S0, [Reaction equation 3]

In the meantime, as described above, a light having peak
intensity of light in a wavelength range of light absorption of
SiF,,e.g., from 9 umto 10 pm, is irradiated on a surface of the
silicon substrate 80 through the light transmitting windows
22 and 24.

FIG. 7a presents a schematic diagram for explaining an
example of a plasma etching method according to the present
invention whereby an interconnection through hole 81 is
being formed by a conducting etching with an active species
including fluorine radicals (F*) while the light is irradiated
onto the silicon substrate 80. As shown in above reaction
equation 2, the SiF,, is formed by the reaction of the fluorine
radicals and the Si.

Thus formed SiF,, is activated by absorbing a light whose
wavelength is from 9 um to 10 um and therefore, a kinetic
energy thereof becomes high, allowing an easy escape for
SiF, from the hole 81. Furthermore, FIG. 7B is a schematic
diagram for explaining an example of a plasma etching
method, wherein the etching is conducted in the same manner
with an exception of irradiating the light on the surface of the
silicon substrate 80. In this case, as shown in FIG. 75, because
the kinetic velocity of the SiF, molecules exhausted from the
hole 81 is smaller than that of the SiF, molecules on which the
light is irradiated, the SiF, molecules stay inside the hole 81
for a longer period of time.

According to above example, the silicon substrate 80 is
etched mainly by fluorine radicals (F*) which are obtained by
converting the SF gas and oxygen gas in a plasma, and at the
same time, by irradiating the etching reaction product on the
surface of the silicon substrate 80, i.e., SiF,, with a light in a
wavelength range of light absorption thereof, whose wave-
length, to be more precise, ranges from 9 um to 10 pm,
allowing the etching reaction product to absorb the light, be
activated and gain kinetic energy to be used in promptly
escaping from the hole 81. Thus, because an amount (a partial
pressure) of the SiF, can be decreased in the hole 81, an
amount (a partial pressure) of the fluorine radicals (F*) can be
increased and this will result in an etching rate of the silicon
substrate 80 being increased.

This exemplary method is especially ideal for a case where
a hole whose aspect ratio is more than 2 and whose diameter
is less than 100 um, because for such a case, a high-rate
etching of more than 30 um/min can be achieved.

The present invention is not limited to the above embodi-
ment, but can be modified in various manners. For example, a
position of the light source 40 is not limited to a position in an
atmosphere outside the process chamber 1 and the light



US 7,442,274 B2

7

source 40 can be placed in a vacuum atmosphere inside the
process chamber 1. In addition, a configuration of the hole
part is not limited to the through hole and may be a hole on a
bottom. Moreover, various types of plasma etching appara-
tuses such an induction coupling type apparatus or an appa-
ratus using microwave other than a parallel plates-shaped
capacitance coupling type apparatus can be used.

In addition, a plasma etching method of the present inven-
tion has been explained using, as an example, the SF gas and
O, gas as an etching gas but, the same operation and effect can
be seen for the case in which S, F, , gas and O, gas are used as
the etching gas because the major etching reaction product
therefrom is also SiF,,. In this case, the S,F |, gas is provided
from the gas supply source 30 into the process chamber 1 in
an apparatus shown in FIG. 1.

Also, in the present invention, although a light having peak
intensity of light in wavelength range from 9 um to 10 um is
irradiated onto the substrate, a light having peak intensity of
light in a wavelength of light absorption of the SF¢ molecule
at 10.6 um may simultaneously be irradiated therewith.

While the invention has been shown and described with
respectto the preferred embodiments, it will be understood by
those skilled in the art that various changes and modifications
may be made without departing from the scope of the inven-
tion as defined in the following claims.

What is claimed is:

1. A plasma etching apparatus comprising:

a plasma generating unit that produces a plasma which
etches a silicon portion of an object to be processed
mounted on a susceptor, the plasma being obtained by
converting a process gas including a fluorine-containing
compound gas in an airtight process chamber,

a light source which emits a light having peak intensity of
light in a wavelength range of light absorption of a
reaction product produced by a reaction between the
fluorine-containing compound gas and the silicon por-
tion during an etching process, and irradiates the light
onto a surface of the object to be processed mounted on
the susceptor; and

a gas supply unit introducing the process gas into the pro-
cess chamber,

wherein the gas supply unit includes a plurality of light
transmitting windows for transmitting the light from the
light source into the process chamber, the light transmit-
ting windows being formed in a surface of the gas supply
unit facing the susceptor and in a surface of the gas
supply unit facing the light source, and

wherein the light is irradiated uniformly onto the whole
surface of the object through the light transmitting win-
dows.

2. The plasma etching apparatus of claim 1, wherein the
light source is disposed outside the process chamber; and the
gas supply unit further includes gas inlet holes for introducing
the process gas into the process chamber, the gas inlet holes
being formed in the surface of the gas supply unit facing the
susceptor.

3. The plasma etching apparatus of claim 2, wherein the
light transmitting windows have a function of a band-pass
filter, selectively transmitting a light in the wavelength range
of light absorption.

4. The plasma etching apparatus of claim 1, wherein the
reaction product is activated by absorbing the light to thereby
attain an increased kinetic energy helping escape of the reac-
tion product from an etched feature of the object.

5. A plasma etching apparatus comprising:

a plasma generating unit that produces a plasma of a pro-

cess gas for etching an object to be processed mounted
on a susceptor in an airtight process chamber,
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a light source which emits a light having a peak intensity in
a wavelength range of light absorption of a reaction
product produced by a reaction between the plasma and
the object during an etching process, the light source
being disposed outside the process chamber; and

a gas shower head formed at a ceiling portion in the process

chamber, the shower head including a number of gas
inlet holes for introducing the process gas into the pro-
cess chamber and a plurality of light transmitting win-
dows for irradiating the light onto an upper surface ofthe
object, the light transmitting windows being formed in a
surface of the gas shower head facing the susceptor and
in a surface of the gas shower head facing the light
source, and

wherein the light is irradiated uniformly onto the whole

upper surface of the object through the light transmitting
windows and the reaction product is activated by absorb-
ing the light to thereby attain an increased kinetic energy
helping escape of the reaction product from an etched
feature of the object.

6. The plasma etching apparatus of claim 5, wherein the
light is vertically irradiated onto an upper surface of the
object.

7. The plasma etching apparatus of claim 5, wherein at
openings of the gas inlet holes, the process gas is injected into
the process chamber along a direction normal to an object
mounting surface of the susceptor.

8. The plasma etching apparatus of claim 5, wherein the
object includes a silicon portion which is etched by the
plasma.

9. The plasma etching apparatus of claim 8, wherein the
process gas includes a fluorine-containing compound gas.

10. The plasma etching apparatus of claim 2, wherein the
light transmitting windows are positioned at equal intervals
over the gas supply unit such that the light from the light
source is uniformly irradiated onto an upper surface of the
object.

11. The plasma etching apparatus of claim 5, wherein the
light transmitting windows are positioned at equal intervals
over the gas shower head such that the light from the light
source is uniformly irradiated onto the whole upper surface of
the object.

12. The plasma etching apparatus of claim 1, wherein the
light is vertically irradiated onto the upper surface of the
object.

13. The plasma etching apparatus of claim 1, wherein each
of' the light transmitting window formed in the surface of the
gas supply unit facing the susceptor also faces each of the
light transmitting windows formed in the surface of the gas
supply unit facing the light source.

14. The plasma etching apparatus of claim 1, wherein a
material of the light transmitting window is one of BaF,, Ge,
KCl, KBr, KRS-5, ZnSe and ZnS.

15. The plasma etching apparatus of claim 1, wherein the
wavelength range of the light absorption is from 9 um to 10
pm.
16. The plasma etching apparatus of claim 5, wherein the
light transmitting windows are formed in a lower surface of
the shower head and in an upper surface of the shower head,
and each of the light transmitting windows formed in the
lower surface faces each of the light transmitting windows
formed in the upper surface.

17. The plasma etching apparatus of claim 5, a material of
the light transmitting window is one of BaF,, Ge, KCl, KBr,
KRS-5, ZnSe and ZnS.

18. The plasma etching apparatus of claim 5, wherein the
wavelength range of the light absorption is from 9 um to 10
pm.



