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MASK, TRANSFER MASK, AND METHOD OF MANUFACTURING THE TRANSFER MASK 5
Technical Field The present invention relates to a substrate for a transfer
mask which is adapted for use in an exposure process using a charged beam
such as electron beam 10 or ion beam. The present invention relates also to
a transfer mask and to the manufacturing method of the transfer mask.
Background Art Recently, electron beam lithography, ion beam 15
lithography, etc., where an electron beam or ion beam is employed as an
exposure light source, have come to be seen as useful in a technique for
manufacturing elements having an ultrafine pattern of the next generation.
In the exposure process utilizing these 20 manufacturing techniques, it is
required to employ a transfer mask. In the manufacture of this transfer
mask, a substrate formed of an SOI (Silicon On Insulator) substrate is
employed because of the easiness in fine working. 25 This SOI substrate for
forming a transfer pattern is constituted by a lower monocrystalline
silicon wafer as a substrate, a silicon oxide film formed on the lower
monocrystalline silicon wafer and functioning    2 7 OCT 200 2 as an
etching stopper, and an upper monocrystalline silicon wafer formed on the
silicon oxide film, the transfer pattern being formed on the upper
monocrystalline silicon wafer. 5 The thickness of silicon oxide film
constituting part of the SOI substrate to be employed as a substrate for a
transfer mask is generally within the range of about 1 a m to 2 ~ m.
However, there is a problem in the employment of the SOI substrate
comprising a 10 silicon oxide film having such a magnitude of thickness
that cracks tend to be formed in the upper monocrystalline silicon wafer
due to stress imposed thereon by the silicon oxide film, thereby destroying
the transfer pattern and hence deteriorating the 15 'manufacturing
efficiency of the transfer mask. Therefore, an object of the present
invention is to provide a substrate for a transfer mask, which comprises a
couple of silicon layers laminated with a silicon oxide film being
interposed therebetween, 20 and which makes it possible to stably
manufacture a defect-free transfer mask, i.e. a transfer mask wherein a
transfer pattern formed on the upper silicon layer is prevented from being
destroyed due to stress from the silicon oxide film on the occasion of 



25 manufacturing a transfer mask by making use of the substrate. Another
object of the present invention is to   2 7 OCT 200 3 provide a transfer
mask which comprises a transfer pattern formed on the upper silicon layer
of the aforementioned substrate for a transfer mask, and which makes it
possible to prevent the transfer pattern 5 formed on the upper silicon
layer from being destroyed due to stress from the silicon oxide film on the
occasion of manufacturing the transfer mask, thereby providing a
defect-free transfer mask. A further object of the present invention is to
10 provide a method of manufacturing the aforementioned transfer mask,
which makes it possible to prevent the transfer pattern formed on the upper
silicon layer from being destroyed due to stress from the silicon oxide
film, thereby enabling a defect-free transfer mask to 15 be manufactured.
Disclosure of Invention According to the present invention, there is
provided a substrate for a transfer mask, which comprises a first silicon
layer formed of 20 monocrystalline silicon; a silicon oxide film formed on
the first silicon layer and having a thickness ranging from 0.2 to 0.8 ~cm~
and a second silicon layer formed on the silicon oxide film. According to
the present invention, there is 25 further provided a transfer mask
comprising a first silicon layer formed of monocrystalline silicon; a
silicon oxide film formed on the first silicon layer   2 7 OCT 2U44 4 and
having a thickness ranging from 0.2 to 0.8 ~cm~ and a second silicon layer
formed on the silicon oxide film and bearing therein a transfer patterns
wherein openings are formed in the first silicon layer, and 5 the portions
of the silicon oxide film which correspond to the openings are removed.
According to the present invention, there is further provided a method of
manufacturing a transfer mask, the method comprising: preparing a substrate
10 comprising a first silicon layer formed of monocrystalline silicon, a
silicon oxide film formed on the first silicon layer and having a thickness
ranging from 0.2 to 0.8 ,um, and a second silicon layer formed on the
silicon oxide film; forming a transfer pattern 15 on the second silicon
layers forming openings in the first silicon layer before or after forming
the transfer patterns and selectively removing portions of the silicon
oxide film which correspond to the openings. 20 According to the present
invention, there is further provided a method of manufacturing a transfer
mask, the method comprising: preparing a substrate comprising a first
silicon layer formed of monocrystalline silicon, a silicon oxide film
formed on 25 the first silicon layer and having a thickness ranging from
0.2 to 0.8 ~cm, and a second silicon layer formed on the silicon oxide
film; forming openings in the  



2 7 OCT 200 5 first silicon layers selectively removing portions of the
silicon oxide film which correspond to the openings and forming a transfer
pattern in the second silicon layer. 5 According to the present invention,
there is further provided a method of irradiating a charged particle beam,
the method comprising: irradiating a charged particle beam onto the
aforementioned transfer mask in such a manner as to shape the charged
particle 10 beam in conformity with the configuration of a transfer
pattern; and image-forming a pattern of the shaped charged particle beam on
a substrate through a lens. It is preferable in the present invention that
the second silicon layer has a film thickness of 0.1 to 15 50 ,um. Further,
the second silicon layer should preferably be formed of monocrystalline
silicon. The substrate for a transfer mask according to the present
invention should preferably be formed of an SOI substrate comprising two
monocrystalline silicon wafers 20 superposed on one another via a silicon
oxide film being interposed therebetween. Brief Description of Drawings
FIG. 1 is a cross-sectional view showing a substrate (SOI substrate) for a
transfer mask 25 according to one example of the present invention; FIG. 2
is a cross-sectional view showing one example of a transfer mask which was
manufactured   2 7 OCT 200 6 by making use of a substrate (SOI substrate)
for a transfer mask according to one example of the present invention;
FIGS. 3A to 3I are cross-sectional views 5 illustrating stepwise one
example of a manufacturing process of a transfer mask by making use of a
substrate for a transfer mask according to the present invention; FIGS. 4A
to 4I are cross-sectional views illustrating stepwise another example of a
manufactur 10 ing process of a transfer mask by making use of a substrate
for a transfer mask according to the present invention; and 



FIGS. 5A to 5F are cross-sectional views illustrating stepwise another
example of a manufactur 15 ing process of a transfer mask by making use of
a substrate for a transfer mask according to the present invention. Best
Mode for Carrying Out of the Invention Next, a substrate for a transfer
mask as well as 20 a transfer mask according to one embodiment of the
present invention will be explained in detail with reference to the
drawings. FIG. 1 is a cross-sectional view showing a substrate (SOI
substrate) for a transfer mask according 25 to one example of the present
invention. Referring to FIG. 1, the substrate (50I substrate) for a
transfer mask 4 is constituted by a laminated structure   2 7 OCT 2004
comprising a lower monocrystalline silicon wafer 3 in which openings are to
be subsequently formed, an upper monocrystalline silicon wafer 1 in which a
transfer pattern is to be subsequently formed, and 5 a silicon oxide film 2
interposed between the lower monocrystalline silicon wafer 3 and the upper
monocrystalline silicon wafer 1. This laminated structure is featured in
that the thickness of the silicon oxide film 2 is confined to a range of
0.2 ,um 10 to 0 . 8 ,u m. If the thickness of the silicon oxide film 2 is
less than 0.2 a m, the etching resistance of the silicon oxide film 2 may
become insufficient, thereby easily inviting a phenomenon wherein the
etching is 15 permitted to proceed passing through the silicon oxide film
2, because over-etching is usually performed taking the in-plane
distribution of etching depth or the distribution of etching depth
depending on the size of pattern into consideration on the occasion of 20
performing dry etching of the upper monocrystalline silicon wafer 1. When
the etching is permitted to proceed passing through the silicon oxide film
2, a wet etching liquid is permitted to penetrate through this etched
through 25 hole formed in the silicon oxide film 2 on the occasion of wet
etching to form an opening portion in the lower monocrystalline silicon
wafer 3, thereby raising a   2 7 OCT 200g 8 problem that the transfer
pattern formed on the upper monocrystalline silicon wafer 1 may be
destroyed. Further, when the etching is permitted to proceed passing
through the silicon oxide film 2, an inert gas 5 as a cooling medium is
allowed to leak through this etched through-hole formed in the silicon
oxide film 2 on the occasion of dry etching to form an opening portion in
the lower monocrystalline silicon wafer 3 while directly cooling the
substrate by making use of 10 a cooling medium, thereby raising a problem
that the discharging for etching is caused to be suspended in a midway of
the etching process. This leakage of inert gas is also caused in the case
where the etching of the lower monocrystalline silicon wafer 3 is performed
15 prior to the formation of the transfer pattern. On the other hand, if
the thickness of the silicon 



oxide film 2 is larger than 0.8 ~ m, cracks may be generated in the
transfer pattern, thereby destroying the transfer pattern due to the stress
from the silicon 20 oxide film 2 on the occasion where the silicon oxide
film 2 is permitted to be expose due to wet etching or dry etching of the
lower monocrystalline silicon wafer 3 to form an opening therein. Namely,
when the thickness of the silicon oxide 25 film 2 is confined within the
range of 0.2 a m to 0.8 ~cm, the phenomenon of generating cracks in the
transfer pattern to destroy the transfer pattern can be   2 7 OCR 2004 9
prevented. Incidentally the way, a monocrystalline or polycrystalline
silicon layer deposited on the surface of the silicon oxide film 2 may be
substituted for the 5 upper monocrystalline silicon wafer 1. Further, in
the present invention, the thickness of the upper monocrystalline silicon
wafer or the upper silicon layer should preferably be within the range of
0.1 ,um to 50 a m, more preferably, within the range of 10 1 a m to 50 ,u
m. If the transfer mask of the present invention is to be applied to a
scattering type transfer mask, the thickness of the upper monocrystalline
silicon wafer or the upper silicon layer should preferably be within 15 the
range of 0.1 to 3 a m. Whereas, if the transfer mask of the present
invention is to be applied to a shielding type transfer mask, the thickness
of the upper monocrystalline silicon wafer or the upper silicon layer
should preferably be within the range of 20 5 to 50 a m. In either case, if
the thickness of the upper monocrystalline silicon wafer or the upper
silicon layer is too thin, the upper monocrystalline silicon wafer or the
upper silicon layer may be fused away as 25 the magnitude of electric
current is increased in order to enhance throughput. On the other hand, if
the thickness of the upper monocrystalline silicon wafer or   2 7 OCT 2004
to the upper silicon layer is too thick, it may become difficult to form a
transfer pattern. Further, the thickness of the lower 



monocrystalline silicon wafer according to the present 5 invention should
preferably be within the range of about 400 ,um to 1 mm. Because, if the
thickness of the lower monocrystalline silicon wafer is less than 400 ,um,
it may be no longer possible to ensure its function as a supporting body
for the transfer mask. 10 On the other hand, if the thickness of the lower
monocrystalline silicon wafer exceeds 1 mm, it may become difficult to
satisfactorily work the substrate, i.e., the lower monocrystalline silicon
wafer. FIG. 2 is a cross-sectional view showing one 15 example of a
transfer mask which was manufactured by making use of the aforementioned
substrate (SOI substrate) 4 for a transfer mask, representing another
embodiment of the present invention. As shown in FIG. 2, the transfer mask
40 according to another 20 embodiment of the present invention is
constituted by a lower monocrystalline silicon wafer 13 having an opening
9, a silicon oxide film 12 having an opening, and an upper monocrystalline
silicon wafer 11 bearing therein a transfer pattern 6. 25 The construction
shown in FIG. 2 represents one embodiment where a conductive film 20a is
formed on the lower monocrystalline silicon wafer 13 having an   2 7 OCT
2004 11 opening 9, and at the same time, a conductive film 20b is formed on
the upper monocrystalline silicon wafer 11 bearing therein a transfer
pattern. However, these conductive films 20a, 20b are not necessarily 5
essential, and may be omitted. Next, the manufacturing process of the
transfer mask according to another embodiment of the present invention will
be explained as follows. First of a11, a fine pattern is formed on the 10
surface of the upper monocrystalline silicon wafer 11. This process of
forming this fine pattern is performed by a sequence of steps comprising,
stepwise, a step of forming a resist pattern on the surface of the upper
monocrystalline silicon wafer 11, a step of dry-etching 15 the upper
monocrystalline silicon wafer 11 by making use of this resist pattern as a
mask, and a step of removing the resist pattern. The exposure process of
forming the resist pattern can be suitably performed by directly scanning
an 20 electron beam using a resist for an electron beam, or by means of
stepper exposure using a photoresist. In the case where the etching
resistance of the resist is found insufficient on the occasion of dry
etching the upper monocrystalline silicon wafer, it is 25 possible to
employ, as an etching mask, an inorganic film such as a silicon oxide film,
a silicon nitride 



film, a silicon carbide film, etc.~ a metallic film   2 7 OCT 2004 12 made
of chromium, tungsten, tantalum, titanium, nickel, aluminum, etc., or an
alloy of these metals or a metallic compound film formed through a reaction
between any of these metals or alloys and oxygen, 5 nitrogen, carbon, etc.
These etching masks can be formed by means of various kinds of thin
film-forming method. For example, it is possible to employ a sputtering
method, a CVD method, a vapor deposition method, etc. 10 As for the dry
etching method, there is not any particular limitation with respect to the
conditions for the etching. As for the gas to be employed in the dry
etching, it is possible to employ a mixed gas mainly comprising a
fluorine-containing gas such as SF6 15 gas and CF4 gas.: a mixed gas mainly
comprising a chlorine-containing gas such as C12 gas and SiCl4 gash or a
mixed gas mainly comprising a bromine-containing gas such as HBr gas. As
for the dry etching apparatus, it is possible to employ that where RIE,
magnetron RIE, 20 ECR, ICP, microwaves, helicon waves, NLD, etc., is
employed as a discharge system. Next, openings are formed in the lower
monocrystalline silicon wafer, wherein dry etching, wet etching, ultrasonic
working, sand blasting, etc., 25 can be suitably employed. Incidentally,
the step of forming a transfer pattern in the upper monocrystalline silicon
wafer may   2 7 OCT 2004 13 be performed prior to or subsequent to the step
of forming openings in the lower monocrystalline silicon wafer. Next, the
silicon oxide film formed on the 5 openings is removed. Specifically, the
silicon oxide film can be removed by making use of hydrofluoric acid, which
is followed by the formation of conductive film on opposite main surfaces
if required, thereby accomplishing a transfer mask. 10 As for the
conductive film, it is possible to employ a metal such as gold, platinum,
palladium, tantalum, tungsten, molybdenum and osmium or an alloy containing
any of these metals. These metals can be employed singly or together with
an underlying layer. 15 As for the method of forming the conductive film,
it is possible to employ a sputtering method, a CVD method, a vapor
deposition method, a plating method, an electrode position method, an ion
plating method, etc. As described above, the formation of openings 20 in
the lower monocrystalline silicon wafer can be 



performed prior to the formation of a transfer pattern in the upper
monocrystalline silicon wafer. In this case, part of the silicon oxide film
which is exposed through the openings formed in the lower 25
monocrystalline silicon wafer may be selectively removed prior to the
formation of a transfer pattern in the upper monocrystalline silicon wafer.
On the   2 T OCT 200 14 occasion of forming a transfer pattern in this
process, there is little possibility that the transfer pattern is cracked
or destroyed due to stress generated in the silicon oxide film, since the
silicon oxide film does 5 not exist at this portion. However, in order to
prevent leakage of the inert gas to be employed for cooling the substrate
on the occasion of the dry etching step for forming a transfer pattern on
the upper monocrystalline silicon wafer, 10 it may be necessary to take
some sort of measures such as the placement of the lower monocrystalline
silicon wafer on a holder which is excellent in thermal conductivity.
Examples 15 Next, specific example of the present invention will be
explained with reference to drawings. (Example 1) FIGS. 3A to 3I are
cross-sectional views illustrating stepwise one example of a manufacturing
20 process of a transfer mask by making use of a substrate for a transfer
mask according to one embodiment of the present invention. First of a11, as
shown in FIG. 3A, an SOI substrate exhibiting a plane orientation of (100)
was employed as a substrate 4 for a transfer 25 mask (which is referred to
also as a transfer mask substrate). This transfer mask substrate 4 was
constituted by a laminated structure comprising   2 7 OCT 2004 15 an upper
monocrystalline silicon wafer 1, a lower monocrystalline silicon wafer 3,
and a silicon oxide film 2 interposed between these upper monocrystalline
silicon wafer 1 and lower monocrystalline silicon wafer 5 3. The thickness
of the upper monocrystalline silicon wafer 1 was 20 ~cm, the thickness of
the silicon oxide film was 0.5 a m, and the thickness of the lower
monocrystalline silicon wafer 3 was 500 ~cm. Then, a resist for an electron
beam (ZEP520, Nihon 10 Zeon Co., Ltd.) was coated to a thickness of 0.5 a m
on the surface of the upper monocrystalline silicon wafer 1 of the transfer
mask substrate 4, and a pattern was described on the resist by making use
of an electron beam drawing machine exhibiting an accelerating voltage 15
of 50 kV. Subsequently, by making use of a developing solution for
exclusive use (ZED-N50, Nihon Zeon Co., 



Ltd.), the development of the resist was performed, thereby forming a
resist pattern 5 as shown in FIG. 3B. Next, by making use of the resist
pattern 5 as a 20 mask together with the employment of a mixed gas mainly
consisting of fluorine-containing gas, i.e., SF6, as an etchant, the dry
etching of the upper monocrystalline silicon wafer 1 was performed to a
depth extending to the silicon oxide film 2 by means of an ICP 25
(inductively coupled plasma) dry etching apparatus, thereby forming a
transfer pattern 6 as shown in FIG. 3C.   2 7 OCT 200 16 Then, the resist
pattern 5 was removed, and a silicon nitride film 7 having a thickness of
0.3 a m was formed on the opposite main surfaces and peripheral wall of the
transfer mask substrate as shown in FIG. 3D 5 by means of an LPCVD (Low
Pressure Chemical Vapor Deposition) apparatus. Subsequently, the silicon
nitride film formed on the surface of the lower monocrystalline silicon
wafer was subjected to dry etching by making use of a mixed 10 gas mainly
containing CHF3 gas and by means of an RIE (Reactive Ion Etching)
apparatus, thereby forming a protective pattern 8 for wet etching as shown
in FIG. 3E. Then, the substrate bearing thereon the protective 15 pattern 8
was set on a jig so as to protect the transfer pattern formed on the upper
monocrystalline silicon wafer, and was immersed in an etching solution
consisting of an aqueous solution of KOH which was heated_to a temperature
of about 90C. Thus, the 20 etching was performed using the protective
pattern 8 as a mask to such an extent that the anisotropic etching of the
lower monocrystalline silicon wafer 3 along the plane orientation thereof
proceeded down to the silicon oxide film 2 functioning as an etching
stopper, 25 thereby forming an opening 9 as shown in FIG. 3F. The reference
number 3' in FIG. 3F represents the lower monocrystalline silicon wafer in
which the opening 9   2 7 0 C T 2004 17 was formed. Next, as shown in FIG.
3G, the protective pattern 8 was etched away by making use of hot
phosphoric 



acid heated to about 170C. Thereafter, as shown in 5 FIG. 3H, the exposed
portion of the silicon oxide film 2 was etched away by making use of
hydrofluoric acid. The reference number 2' in FIG. 3G represents the
silicon oxide film in which openings were formed. Finally, a
platinum-palladium alloy having 10 a thickness of about 0.1 a m was
deposited on the opposite main surfaces of the resultant body by means of a
magnetron sputtering apparatus to thereby form conductive films 10a and
10b, thus accomplishing a transfer mask as shown in FIG. 3I. 15 The
transfer mask manufactured in this manner was free from cracks of the upper
monocrystalline silicon wafer that might be caused by stress from the
silicon oxide film, thereby obtaining a transfer mask which was excellent
in quality. 20 (Example 2) FIGS. 4A to 4I are cross-sectional views
illustrating stepwise another example of a manufacturing process of a
transfer mask by making use of a transfer mask substrate according to
another 25 embodiment of the present invention. First of a11, as shown in
FIG. 4A, an SOI substrate exhibiting a plane orientation of (100) was
employed as a substrate 4 for   Z 7 OCT 200 18 a transfer mask (which is
referred to also as a transfer mask substrate). This transfer mask
substrate 4 was constituted by a laminate structure having the same
constituent components as described in Example 1. 5 The thickness of the
upper monocrystalline silicon wafer 1 was 20 a m, the thickness of the
silicon oxide film was 0.5 ~cm, and the thickness of the lower
monocrystalline silicon wafer 3 was 500 a m. As shown in FIG. 4B, a silicon
nitride film 7 was 10 formed a11 over the transfer mask substrate 4
including the opposite main surfaces and peripheral wall thereof by means
of the CVD method, and then, the silicon nitride film formed on the surface
of the lower monocrystalline silicon wafer 3 was subjected to 15 a
patterning treatment, thereby forming a protective pattern 8 for wet
etching as shown in FIG. 4C. Then, the lower monocrystalline silicon wafer
3 having thereon the protective pattern 8 was set on a jig and immersed in
an etching solution consisting 20 of an aqueous solution of KOH which was
heated to a temperature of about 90C. Thus, the etching was performed using
the protective pattern 8 as a mask to such an extent that the anisotropic
etching of the lower monocrystalline silicon wafer 3 along the plane 25
orientation thereof proceeded down to the silicon oxide film 2 functioning
as an etching stopper, thereby forming an opening 9 as shown in FIG. 4D.
'2 7 oCr 2004 19 The reference number 3' in FIG. 4D represents the lower
monocrystalline silicon wafer in which the opening 9 was formed. Next, as
shown in FIG. 4E, the protective pattern 5 8 was etched away by making use
of hot phosphoric acid heated to about 170C. Thereafter, a resist for an
electron beam was coated to a thickness of 0.5 a m on the surface of the
upper monocrystalline silicon wafer 1, and a pattern was described on the
resist by making 10 use of an electron beam drawing machine exhibiting an
accelerating voltage of 50 kV. Subsequently, by making use of a developing
solution for exclusive use, the development of the resist was performed,
thereby forming a resist pattern 5 as shown in FIG. 4F. The 15 resist for
an electron beam and the developing solution both employed herein were the
same as those employed in Example 1. 



Next, by making use of the resist pattern 5 as a mask together with the
employment of a mixed gas mainly 20 consisting of fluorine-containing gas,
i.e., SF6, as an etchant, the dry etching of the upper monocrystalline
silicon wafer 1 was performed to a depth extending to the silicon oxide
film 2 by means of an ICP (inductively coupled plasma) dry etching
apparatus, 25 thereby forming a transfer pattern 6 as shown in FIG. 4G.
Then, the resist pattern 5 was removed as shown in   2 7 OCT 200 20 FIG.
4H, and at the same time, the exposed portion of the silicon oxide film 2
was etched away by making use of buffer hydrofluoric acid. The reference
number 2' in FIG. 4H represents the silicon oxide film in which 5 openings
were formed. Finally, as shown in FIG. 4I, tantalum having a thickness of
about 0.1 ~ m was deposited on the opposite main surfaces of the resultant
body by means of an electron beam vapor deposition apparatus to 10 thereby
form conductive films 10a and 10b, thus accomplishing a transfer mask. The
transfer mask manufactured in this manner was free from cracks of the upper
monocrystalline silicon wafer that might be caused by stress from the
silicon 15 oxide film, thereby obtaining a transfer mask which was
excellent in quality. (Example 3) FIGS. 5A to 5F are cross-sectional views
illustrating stepwise a further example of a manufac 20 turfing process of
a transfer mask by making use of a transfer mask substrate according to a
further embodiment of the present invention. First of a11, as shown in FIG.
5A, an SOI substrate exhibiting a plane orientation of (100) was employed
as a substrate for 25 a transfer mask 4. This transfer mask substrate 4 was
constituted by a laminate structure having the same constituent components
as described in Example 1.   2 7 OCT 2004 21 The thickness of the upper
monocrystalline silicon wafer 1 was 2 ,um, the thickness of the silicon
oxide film was 0.7 a m, and the thickness of the lower monocrystalline
silicon wafer 3 was 500 ~cm. 5 Then, as shown in FIG. 5B, a resist pattern
5 was formed on the surface of a lower monocrystalline silicon wafer 3 by
means of ordinary photolithography. Subsequently, by making use of this
resist pattern 5 as a mask together with the employment of a mixed gas 10
mainly consisting of SF6 as an etchant, etching of the lower
monocrystalline silicon wafer 3 was performed by means of an ICP
(inductively coupled plasma) dry etching apparatus to thereby form openings
9 as shown in FIG. 5C. 15 When a11 of the portion of the lower
monocrystalline silicon wafer 3 for forming the openings 9 was completely
removed by way of etching, the silicon oxide film 2 having a thickness of
0.7 ,um was sufficiently capable of acting as an etching 20 stopper.
Further, the cross-section of the lower monocrystalline silicon wafer 3'
which was provided with openings as a result of the aforementioned etching
was found as having substantially perpendicular sidewalls. 25 Then, as
shown in FIG. 5D, the resist pattern 5 was removed by an ashing treatment
using oxygen plasma, and the portion of the silicon oxide film 2 which was
2 7 OCT 2004 22 



exposed through the openings 9 was completely etched away by making use of
buffer hydrofluoric acid. The reference number 2' in FIG. 5D represents the
silicon oxide film in which openings were formed. 5 Thereafter, a resist
for an electron beam was coated to a thickness of 1.0 a m on the surface of
the upper monocrystalline silicon wafer 1, and a pattern was described on
the resist by making use of an electron beam drawing machine exhibiting 10
an accelerating voltage of 100 kV. Subsequently, by making use of a
developing solution for exclusive use, the development of the resist was
performed, thereby forming a resist pattern 5 as shown in FIG. 5E. Next, by
making use of the resist pattern 5 as a 15 mask together with the
employment of a mixed gas mainly consisting of HBr as an etchant, the dry
etching of the upper monocrystalline silicon wafer 1 was performed by means
of an ICP (inductively coupled plasma) dry etching apparatus, thereby
forming a transfer pattern 20 6 enabling the charged particle beam to pass
therethrough. Subsequently, the resist pattern 5 was removed by making use
of an organic solvent. As a result, as shown in FIG. 5F, a transfer mask
having the transfer pattern 6 was accomplished. 25 The transfer mask
manufactured in this manner was mounted on a charged particle beam exposure
apparatus, and this specimen was subjected to an exposure process   2 7 ocr
200 23 using an electron beam as a charged particle beam. Namely, the
electron beam emitted from an electron gun was irradiated onto the transfer
mask mounted on the stage arranged at a predetermined position in such 5 a
manner as to shape the charged particle beam in conformity with the
configuration of the transfer pattern, the resultant shaped pattern of the
charged particle beam being subsequently reduced by means of an electron
lens and image-formed on the surface of the 10 specimen having the resist
film. As a result, it was found possible to perform an exposure of high
precision which was exactly the same as designed. (Comparative Example 1) A
transfer mask was manufactured under the same 15 conditions as those of
Example 1 except that the thickness of the silicon oxide film was set to
0.1 ~ m. When the upper monocrystalline silicon wafer of the transfer mask
thus manufactured was investigated through observation thereof, destruction
of the 20 transfer pattern due to the wet etching solution was recognized.
(Comparative Example 2) A transfer mask was manufactured under the same 



conditions as those of Example 1 except that the 25 thickness of the
silicon oxide film was set to 1 a m. When the upper monocrystalline silicon
wafer of the transfer mask thus manufactured was investigated   2 7 OCT
2QQ~ 24 through observation thereof, cracking of the upper monocrystalline
silicon wafer due to stress by the silicon oxide film was recognized, and
hence the yield of the transfer mask which was free from cracking was 5
found to be 0~. As explained above, according to the present invention,
since the transfer mask substrate which is constituted by a laminated
structure comprising two silicon layers, and a silicon oxide film
interposed 10 between this pair of silicon layers is constructed such that
the thickness of silicon oxide film was confined within the range of 0.2 ~
m to 0.8 ~cm, it is possible to attain the effect that the transfer pattern
formed on the upper monocrystalline silicon wafer is caused to 15 fracture
due to stress by the silicon oxide film. Furthermore, the transfer mask
manufactured by making use of the aforementioned transfer mask substrate is
of such a high quality that the upper monocrystalline silicon wafer can
hardly be destroyed. 20 Moreover, according to the manufacturing method of
the transfer mask by making use of the aforementioned transfer mask
substrate, it is possible to stably manufacture a defect-free transfer
mask. Additionally, according to the method of 25 irradiating a charged
particle beam where the aforementioned transfer mask is employed, it is now
possible to perform, at high precision, the patterning   ~ 7 OCT 20a4 25
exposure of the resist formed on a substrate. As a result, patterning such
as the patterning of a semiconductor can be performed with high yield.   2
7 OCT 2004 26 CLAIMS 1. A transfer mask having opposed main surfaces, which
comprises a first silicon layer formed of monocrystalline silicon; a
silicon oxide film formed on the first silicon layer and having a thickness
ranging from 0.2 to 0.8 a m~ a second silicon layer formed on the silicon
oxide film and bearing therein a transfer pattern; and a conductive film
formed on said transfer pattern, said first silicon layer, and said silicon
oxide film. wherein openings are formed in said first silicon layer and the
portions of said silicon oxide film which correspond to said openings are
removed, said transfer mask being produced by . preparing the substrate
comprising the first silicon layer formed of monocrystalline silicon, the
silicon oxide film formed on the first silicon layer and having a thickness
ranging from 0.2 to 0.8 a m, and the second silicon layer formed on the
silicon oxide film; forming a transfer pattern in said second silicon
layer; forming openings in said first silicon layer after forming said
transfer pattern; selectively removing portions of said silicon oxide film
which correspond to said openings; and forming a conductive film on the
opposed main surfaces of the resultant structure including said transfer
pattern, said first silicon layer, and said   2 7 OCT 204g 



27 silicon oxide film. 2. The transfer mask according to claim 1, wherein
said second silicon layer has a thickness ranging from 0 . 1 to 50 a m. 3.
The transfer mask according to claim 1, wherein said second silicon layer
is formed of monocrystalline silicon. 4. A method of manufacturing a
transfer mask, the method comprising: preparing a substrate having opposed
main surfaces and comprising a first silicon layer formed of
monocrystalline silicon, a silicon oxide film formed on the first silicon
layer and having a thickness ranging from 0.2 to 0.8 a m, and a second
silicon layer formed on the silicon oxide film forming a transfer pattern
on said second silicon layer; forming openings in said first silicon layer
after forming said transfer pattern; selectively removing portions of said
silicon oxide film which correspond to said openings and forming a
conductive film on the opposed main surfaces of the resultant structure. 5.
The method according to claim 4, wherein said second silicon layer has a
thickness ranging from 0.1 to 50 a m. 6. The method according to claim 4,
wherein said   2 7 OCT 2pp~ 28 second silicon layer is formed of
monocrystalline silicon. 7. A method of irradiating a charged particle
beam, the method comprising: irradiating a charged particle beam onto the
transfer mask as claimed in Claim 1 in such a manner as to shape said
charged particle beam in conformity with the configuration of a transfer
patterns and image-forming a pattern of said shaped charged particle beam
on a substrate through a lens. .AN .AL.A`a3.A`YL.A`_.As;
Yr.AL(L.AL.A9F9.Al_.A`FL.A 9.A9aYL.ALr.A`(
.A9NFr.AL.A`Y.ALU_.A9_.As_.Aulr.A.A`r.A  ;3.A;.A(.A' 



#-c#)>qiop
}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]cRa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]c<a]ca!  :nq=j)Fs
N}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!+amoHX'[/e1^
}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!>uEz U* ] x
!I!{!!!d#i$%&&&'}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!'(()**++c,p,r,},,,-?-p---.
,.]....6/00C0v0001M11}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!111112M22T3333!4N44P5
5F6y666666778J8r888889|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!999!:>:q:::;>;s;
;;<N<[<^<*=^=>8>
?B?@T@t@@@A"AOAAAA}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!AABB4BkB'CXC*DeDDDE0EeE
/FcFFFFFGGH;
HsHHH^IIIII)J}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!)JdJ7KmKKKKKLL#MTMMMMN7OkOOO
PPQGQSQ_QbQQQQ5RiRRR}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!RRSWSSSSS+TT6UV@VxVVV
V9XdXYWZ[[[j]]__AaDaOaRaaa}xsmhc^Y]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!aaaibbb
cCcdQddddd8ef8fAfwfffvghikkklmmnnop}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!pppqqr
rs<slsssttuuvHvTvWvvvv)w]w1xixxxxyEyzJz}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Jz
Vznzzz{<{p{}{{e|k}{~
3Bw((|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!([4;
n?p'0^{Ds}xsnid|wrmhc^Y]ca]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
#dE,y10%z&'()-ss10%z&'()-10%z&'()-10%z&'()-  g10%  &'()-% 10%z&'()-F-cdE
10%z&'()-  10%z&'()- 10%z&'()-l G10%z&'()- l  10%z&'()-Y 10%z&'()-#dE
`-10%z&'()-+@ 10%z&'()- $10%z&'()- "!10%z&'()-l @
m10%z&'()-3s10%z&'()->qdYNC 10z 10z 10z#<10%z&'()- :10%z&'()- 8310%z&'()- 6
10%z&'()-4"10%z&'()-iodEYNC Y  10%z&'()-`!10%z&'()-F s10%z&'()-F
s10%z&'()-ss10%z&'()-%10%z&'()-op   :dEYNC  



f)10%z&'()-  '10%z&'()-  %10%z&'()-#10%z&'()- Y10%z&'()-f"10%z&'()-:nqdE:/
10z 10z l:Z10%z&'()-  8f10%z&'()-6- 10%z&'()-  /s10%z&'()-9-10%z&'()-
F+10%z&'()- rS4/ 10`f#10%&'()-  3
sy10%&'()-!i`m"10%&'()-,![`m"10%&'()-,`s10%&'()-,&310%&'()-  10zy=j }[9+/
10!6"10%&'()-!6"10%&'()-Y 410%&'()-!s'#10%&'()-&!s'#10%dd&'()-&%10%&'()-
)FgH/ 10!6"1Y 10%&'()-m"10%&'()-F `10%&'()-s`10%&'()-y&Y10%&'()-  10 10Fs
dEH/ 10!s#9!10%&'()-Y Y 10%&'()-`y10%&'()-F 310%&'()-Y 10%&'()-  10%&'()-
NdEH/ 10! ,/ 10%8&'()-9-10%&'()-  +10%&'()- y)10%&'()- 



'`10%&'()-  %f10%&'()-+^_`amobC0!Ls10%&'()-&10%&'()-  10 10 10 : 10%&'()-
8:10%&'()- 6m"10%&'()- oHXdEbC0!Y 10%&'()-F 3F10%&'()- `f"10%&'()-F
s10%&'()- 10%&'()-3 Ls10%&'()-'[dEbC0!l S)10%&'()- Y s' 10%&'()-Y %10%&'()-
s#m10%&'()- l !10%&'()-Y  10%&'()-/edEbC0! 4y10%&'()- 210%&'()-0F10%&'()-
/10%&'()--- 10%&'()-  3+10%&'()-1^bC0!``10%&'()-S&Y10%&'()-  10 10 10
Y:10%&'()-  y810%&'()-6 10%&'()-  >udEbC0!Y  



10%&'()- 10%&'()-Y m10%&'()-l 3 g10%&'()-l S10%&'()-Y s10%&'()-EzdEbC0!
910%&'()- F`10%&'()-sf10%&'()- L10%&'()-Y m10%&'()- 10%&'()-
UdEbC0!f):10%&'()- 'f10%&'()- %`10%&'()-#10%&'()- !`10%&'()-l  m10%&'()-* ]
x   dEbC0! 410%&'()- 210%&'()- 0f10%&'()- /310%&'()-&-- 10%&'()-Y
F+10%&'()- !I!x!y!z!{!!!bC0!`s10%&'()-y&10%&'()- 10 10 10 :10%&'()-
8S10%&'()-6"10%&'()-!"d#/$i$9%%zX6bC0!`%"10%<<&'()-F !`%"10%&'()-F
`FY"10%&'()-z!`FY"10%&'()-z!LsG"10%&'()-!LsG"10%<<&'()-%
&&&&&&&?'rS10!`s!10%&'()-y`s10%z&'()-y&10%z&'()-m 10 10 10!s0#10%&'()-
!s0#10%&'()-
?''((("))}[9rS10!`!F"10%ss&'()-!F"10%ee&'()-F"10%z&'()-!F"10%ee&'()-{
Q10%z&'()-!is!10%zz&'()-y))***++`,a,}^<.1 10JJ!6#10%JJ&'()- 4y10%z&'()-
!'#10%``&'()-5!'#10%&'()-5 %)10%z&'()-F"10%zv&'()-a,b,c,p,r,},,,gH1 10JJ! F
t10%&'()- 



f10%&'()-10%&'()-l10%&'()-&F10%&'()- 10JJ 10JJ,-?-p---.dEH1 10JJ!3
10%&'()-3 `10%&'()-  10%&'()-  10%&'()-,10%&'()- 9t10%&'()-.,.]....6/dEH1
10JJ!L#!10%&'()-F !s10%&'()- F , @10%&'()-3 L10%&'()- 3
Y10%&'()-9s10%&'()-6//00C0v00dEH1 10JJ!l 2T10%&'()- Y 1G10%&'()- Y
,/G10%&'()-`s-l 10%&'()-3 %10%B&'()-3 %10%&'()-001M111111xmbC
10JJ!&l10%T&'()- 10 10 10 :10%&'()- 810%&'()-s6#10%&'()- l
410%&'()-11112M22dEmbC 10JJ! 10%T&'()- s10%T&'()- 3 10%T&'()- f10%T&'()-
s10%T&'()-`10%T&'()-2T3333!4N4dEmbC 



10JJ! !10%T&'()-  10%T&'()- &:10%T&'()- FF10%T&'()-f10%T&'()-
S10%T&'()-N445P55F6y6dEmbC 10JJ!6`!10%T&'()- /10%T&'()-&-!10%T&'()-
%s10%Tp&'()- %s10%T&'()-#M!10%T&'()-y666666667bC 10JJ!F
10%&'()-10%&'()-&F10%&'()-  10T 10T 10T l:S10%T&'()-
810%T&'()-778J8r888dEbC 10JJ!`F"10%&'()-F Z10%&'()-Y 10%&'()-F 10%&'()-
10%&'()--10%&'()-899!:>:q::dEbC 10JJ!l l+10%&'()-F )F10%&'()-Y '10%&'()-Y
%10%&'()-`#`!10%&'()-F l 10%&'()-::;>;s;;;dEbC 10JJ!s6`!10%&'()-l
4t10%&'()-l 3T10%&'()-Y 1z10%&'()-Y ,/10%&'()-`L-!10%&'()-;<K<L<M<N<[<^<<bC
10JJ!l 10%z&'()-10%z&'()-& 10%z&'()- 10 10 10 



:10%&'()- 8S10%&'()-<*=^=>8> ?B?dEbC 10JJ!#10%z&'()-l Y
10%z&'()-y`!10%z&'()-l 10%z&'()-10%z&'()-l 10%zp&'()-B?@T@t@@@AdEbC 10JJ!
410%z&'()- 310%z&'()-l 1t10%z&'()- @/S10%z&'()-L-- 10%z&'()-
%10%z&'()-A"AOAAAAAAAbC 10JJ!Fs10%&'()-,&Y10%&'()-  10z 10z 10z :10%z&'()-
810%z&'()-610%z&'()-AABB4BkBBdEbC 10JJ!  10%&'()-M!10%&'()-&10%&'()- Y
:10%&'()-  S10%&'()- s410%&'()-B'CXC*DeDDDdEbC 10JJ!F 'z10%&'()-3
%10%&'()-9##10%&'()-3 Fs10%&'()-9y- 10%&'()-  10%&'()-DE0EeE/FcFFdEbC
10JJ!Y 8g10%&'()-L6 10%&'()-F /10%&'()-L9-10%&'()-  Y+Y10%&'()-F
y)M10%&'()-FFFFFFFGGbC 10JJ!10%&'()-  L10%&'()-F`10%&'()-&10%&'()- 10 10 



10l :10%&'()-GH;HsHHHUIdEbC 10JJ!3  10%&'()-L@m"10%&'()-3 s10%&'()-3
10%&'()-3 10%&'()- 10%&'()-UI^IIIII)JdEbC 10JJ!l 3+@10%&'()-F S)10%&'()-
'10%&'()-F %F10%&'()-`#`!10%&'()-3  10%_&'()-)JdJ7KmKKKKKKdYNC 10JJ! 10 10
10 Y:10%&'()- y8y10%&'()-s6@ 10%&'()-Y .s10%&'()-`-#10%&'()-KKKLL#MTMdEYNC
10JJ! Y 10%&'()-F :10%&'()-!10%&'()-3 s 10%$&'()-l`10%&'()-f&
10%&'()-TMMMMN7OkOaBYNC 10JJ!l '10%&'()-!s#Y"10%&'()-Y
F10%&'()-`f"10%&'()-F  10%&'()-F 10%&'()-kOOOPPPQdEYNC 10JJ!s6 10%&'()-l /
10%&'()-l / 10%&'()-s&-#10%&'()-F F+10%&'()-l f)10%&'()-QGQPQQQRQSQ_QbQQbC
10JJ!`m10%&'()-FL10%&'()-@&F10%&'()- 



10 10 10 :F10%&'()- 810%&'()-QQQ5RiRRRdEbC 10JJ! 10%&'()-
L10%&'()-10%&'()-  10%&'()-    10%&'()-  @,10%&'()-RRSWSSSSdEbC 10JJ!F
F10%&'()-F  10%&'()-l 3t10%&'()-9f!10%&'()-  s10%&'()-3
s10%&'()-SS+TT6UV@VdEbC 10JJ!`610%&'()-Y .10%&'()-L-#10%&'()-F
%s10%&'()-L#t10%&'()-  !310%&'()-@VxVVVVVVVVbA 10JJ! V
!10%C&'()-10%g&'()-'10%g&'()- 10 10 10Y Y:g10%&'()-l y8
10%&'()-V2WfW9XdX4YYYzX6bA 10!m"10%e e &'()-  !m"10%[j[j&'()-  l
10%g&'()-!i !10%&'()-!i !10%  &'()-!n !10%&'()-YYYHZWZ[[[[[}[M?1 1 10ee
10ee 



10ee!@/m"10%ee&'()-9!@/m"10%ee&'()-9%"10%g&'()-z!%"10%[[&'()-zm"10%g&'()-
[[[\j]]^}^<M?1 1 10ee!`"10%&'()-M
10%&'()-!xY"10%&'()--!xY"10%&'()--Y10%&'()-&Y10%&'()-^___`>a?a@aAa}[M?1 1
1011 1011
1011!,/!10%11&'()-!,/!10%&'()-s'M!10%&'()-!s'M!10%&'()-`"10%&'()-MAaOaRaaaa
adEM?1 1 1011 10 &10%&'()-3 F 10%&'()-3 SS10%&'()-
F10%&'()-Ys10%&'()-&'10%&'()-maibbb cCcdaBM?1 1 1011 13 YM10%&'()-Lf-
10%&'()-F s10%&'()-F `10%&'()-F 10%&'()-!i!10%&'()-dQddddd8edEM?1 1 1011
1`9-#10%&'()-Y Y+ 10%&'()-3 y)10%&'()-Y 'z10%&'()-F %
10%&'()-`#"10%&'()-8ef8fAftfufvfwffxmbC 1 1011 1&10%&'()- 10 10 10l 



:410%&'()- 8F10%&'()-s6 10%&'()- l /10%&'()-ffvg>hh.iizX6mbC 1
10!L&"10%&'()-Z !L&"10%&'()-Z !9!10%oo&'()-Z !9!10%&'()-Z !ss!10%&'()-y3s
10%&'()-iiijkkkkkyk]O0 &10%&'()- 10 10 10!
Ly)"10%&'()-!Ly)"10%&'()-!Ly)"10%EE&'()- 3L&"10%&'()-Z kklllmsmm}[9]O0
!sY"10%&'()-!sY"10%&'()-l 510%&'()-!n`!10%AA&'()-Y !``!10%&'()-Y
l`10%&'()-mWnnnLoo'p}^<]O0 !!/#10%&'()-`'F"10%~&'()-!'F"10%&'()-q
%10%&'()-&!10%&'()-!&!10%&'()-'ppppppp@qquV7 l sT10%z&'()-sl
sT10%z&'()-s`10%z&'()-&l10%z&'()- 10 10 10!/#10%&'()-`qq6rrrs<sdEuV7 l sT
&S10%z&'()-l 3:10%z&'()-S:!10%z&'()-l 10%z&'()-sl
10%z&'()-s10%z&'()-<slssstttdEuV7 l sT&-10%z&'()- %10%z&'()-
%10%z&'()-##10%z&'()-Y !10%z&'()-  S10%z&'()-tuuvEvFvGvHvTvxmbC 



l s&10%z&'()- 10z 10z 10z l:`10%z&'()- 8M10%z&'()-6"10%z&'()-
/10%z&'()-TvWvvvv)w]wdEmbC l s 10%z&'()-Y 10%z&'()-Y  g10%z&'()- 3
,F10%z&'()-F L 10%z&'()-lL 10%z&'()-]ww1xixxxxdEmbC l s 10%z&'()-l
10%z&'()- 10%z&'()- @!10%z&'()-Y  10%z&'()-Y  10%z{&'()-xyEyzJzVznzdEmbC l
s 010%z&'()- /10%z&'()--M!10%z&'()- %10%z&'()-#10%z&'()-Y
!10%z&'()-nzzz{<{m{n{o{p{dYNC l s 10z 10z 10z F:'10%z&'()-
f810%z&'()-s6!10%z&'()- 410%z&'()- 



210%z&'()-p{}{{e|0}k}F~}^<YNC
!s3"10%&'()-f`#10%&'()-y!`#10%..&'()-y!``!10%&'()-SYL10%&'()-&10%&'()-F~{~C
3}[M?1  10 10 10!6"10%&'()-Y
410%&'()-!s%#10%&'()-!s%#10%66&'()-s3"10%n&'()-fBtuvwdYNC  10 1 10( 10(
10(3   10%(&'()-  @10%(&'()-3 `310%(&'()-3s 10%(&'()-S&10%(&'()-wA(^<YNC
10!  10%zz&'()-!  10%44&'()-!4
10%4|4|&'()-,:10%4|&'()-10%4|&'()-S&10%4|&'()-(>zXJ<C  10 1044 1044!"
10%44&'()-!" 10%4|4|&'()-!" 10%44&'()-!" 10%44&'()-" 10%42&'()-(uV7C  10
10% h&'()-10% h&'()-10% h&'()- 10% h&'()-10% h&'()-f&10% h&'()- 1044([dE7C
10  F10% h&'()-,`10% h&'()-L10% h&'()-YZ10% h&'()-10% h&'()-10% h&'()-4;
ndE7C  10 +10% h&'()-*10% h&'()-3(F10% h&'()-S&&10% h&'()-`$10% h&'()-- 10%
h&'()-S?pdE7C  



10 l710% h&'()-y510% h&'()-310% h&'()-1-10% h&'()-/l10% h&'()--10%
h&'()-'0bC  10G10% U&'()-10% U&'()- 10% U&'()-y&10% U&'()- 10 h 10 h 10
hL910% h&'()-0^{DdEbC  10910% U&'()-YS 10% U&'()- yz10% U&'()-10% U&'()-
10% U&'()-10% U&'()-DsdEbC  10910% U&'()-YS 10% U&'()- yz10% U&'()-10%
U&'()-10% U&'()-10% U&'()-  Normal" "Heading 13]c" "Heading 23]c" "Heading
33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83]c" "Heading 93]c"A "Default Paragraph Font`z#b).3M9>CHRNSX@^vchmGsox}v~
'19A)JRapJz(cdefghijklmnopo: Fo !%?')a,,.6/012N4y678:;
<B?AABDFGUI)JKTMkOQQRS@VVYY[^Aaad8efikm'pq<stTv]wxnzp{F~w((0Dqrstuvwxyz{|}~
6Times New RomanArialCourier New"h Root EntryWordDocumentX
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


