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WITH ADJUSTABLE NOZZLE ASSEMBLY FOR SEMICONDUCTOR WAFER BACKSIDE RINSING by
Inventor Larry Ping-Kwan Wong BACKGROUND OF THE INVENTION The present
invention relates generally to semiconductor fabrication and, more
particularly, to an adjustable nozzle assembly, a spin, rinse, and dry
station for spin rinsing a bottom side of a semiconductor wafer including
the adjustable nozzle assembly, and a method for spin rinsing a bottom side
of a semiconductor wafer. 10 In the fabrication of semiconductor devices, a
variety of wafer preparation operations are performed. In one such
preparation operation, deionized (DI) water is sprayed onto the wafer in,
e.g., a spin, rinse, and dry (SRD) station, to rinse off the residual
chemical solution and to remove particulate contamination. Until recently,
efforts to rinse effectively and to control wafer contamination have
primarily focused on the top 15 side of wafers. As the semiconductor
industry moves to larger, e.g., 300 mm, wafers and to smaller, e.g., 0.18
um and smaller, feature sizes; however, it is becoming increasingly more
important to rinse effectively and to control wafer contamination on the
bottom side, i.e., the backside, of wafers. Figure 1A is a simplified
schematic cross-section illustrating one conventional technique used to
spray DI water onto the bottom side of a wafer in an 20 SRD station. As
shown therein, wafer 10 is supported by rollers 14, which contact the edge
of wafer 10 to avoid introducing particulate contaminants to either top
side 10a or bottom side 10b of the wafer. A nozzle 16, which is coupled to
a source 18 of DI water via liquid supply tube 20, is positioned at the
bottom of bowl 12. As wafer 10 is spun, nozzle 16 sprays DI water toward
the bottom side l0b of the wafer. 25 To thoroughly clean the bottom side of
a wafer, it is imperative that the spray of DI water contacts the center of
the wafer. If the spray contacts only a peripheral portion of the wafer,
then the centrifugal force generated by the rotation of the wafer prevents
the DI water from reaching the center of the wafer. As a result, residual
chemical solution and contaminants, e.g., particles, may not be removed
from the central portion 30 of the bottom side of the wafer. If the amount
of particulate contamination on the   L;~', 20~~ bottom side of the wafer
exceeds acceptable levels, then the yield rate may be decreased
significantly. Figure 1B is an enlarged view of nozzle 16 shown in Figure
1A. As shown in Figure 1B, nozzle 16 includes a base portion 16a from which
a pair of generally elbowshaped outlets 16b extend. The upright sections of
outlets 16b are angled slightly inwardly, i.e., slightly toward base
portion 16a. Below base portion 16a, threaded portion 16c and connector
portion 16d are provided. Threaded portion 16c is screwed into a fixture
disposed below the bottom of bowl 12 (see Figure IA) to hold nozzle 16 in
place. One end of liquid supply tube 20 (see Figure lA) is coupled to
connector 10 portion 16d. As shown in Figure 1A, nozzle 16 is positioned a
distance from the center of the bottom of the bowl because a rotatable
shaft, which rotates the spindle arm and spindle fingers to which rollers
12 are attached, is positioned at the center of the bottom of the bowl. As
a result of this off center positioning, the DI water sprayed from outlets
16b 15 of nozzle 16 is directed toward the peripheral portion of the bottom
side 10b of wafer 10. The elbow-shaped outlets 16b are formed of rigid
plastic and therefore the position of such outlets can be adjusted only to
a minimal extent, if at a11. Furthermore, once nozzle 16 is fully screwed
into the fixture, the height of nozzle 16 is fixed and cannot be raised. 20
In light of the limited adjustability of the nozzle in a conventional SRD
station 



such as shown in Figure 1A problems have been experienced in configuring
the system so that DI water sprayed from the nozzle contacts the center of
the bottom of the wafer. To further complicate the situation, once the
wafer is disposed in the bowl, an operator cannot tell where DI water
contacts the bottom side of the wafer because the opaque 25 wafer blocks
the operator's line of sight. Thus, even if limited adjustments are made,
the operator has no reliable way of determining whether the spray of DI
water is properly contacting the center of the bottom side of the wafer. In
view of the foregoing, there is a need for a method and device for spin
rinsing a bottom side of a wafer that ensures that the spray of DI water
contacts the center of 30 the wafer.   i G~.'~, 2~Q~ SUMMARY OF THE
INVENTION Broadly speaking, the present invention fills this need by
providing a nozzle assembly including an adjustable nozzle. By adjusting
the position of the adjustable nozzle, the nozzle may be oriented so that
liquid sprayed therefrom is directed toward the center of the bottom side
of a semiconductor wafer. The present invention also provides a spin,
rinse, and dry station including the adjustable nozzle assembly and a
method for spin rinsing a bottom side of a semiconductor wafer. In
accordance with one aspect of the present invention, a nozzle assembly is
provided. The nozzle assembly includes a connector tube having a first end
and a second 10 end. An outer surface of the connector tube is threaded. A
first cap having an opening therethrough is threaded onto the first end of
the connector tube. A second cap having an opening therethrough is threaded
onto the second end of the connector tube. Each of the first and second
caps has a top surface and a threaded inner surface. The nozzle assembly
further includes a nozzle having a tubular portion defining a channel. The
tubular portion 15 is disposed in the opening of the first connector cap so
that a position of the nozzle can be axially and rotationally adjusted. In
one embodiment, the nozzle assembly further includes first and second nuts
disposed on the connector tube. If desired, one of the first and second
nuts may be integral with the connector tube. The threaded inner surfaces
of the first and second connector 20 caps preferably have a first diameter
and the openings in the top surfaces of the first and second connector caps
preferably have a second diameter, with the second diameter being smaller
than the first diameter. In this embodiment, tapered surfaces extend
between the threaded inner surfaces of the first and second connector caps
and the openings in the top surfaces of the first and second connector
caps. 25 In one embodiment, the nozzle further includes a head portion
having a channel defined therein. In this embodiment, the channel defined
in the head portion of the nozzle is preferably at an angle of about 35
degrees to about 75 degrees relative to a plane perpendicular to the
channel defined in the tubular portion of the nozzle. In one embodiment,
first sealing members are provided proximate to the top 30 surfaces of the
first and second connector caps, and second sealing members are provided
proximate to the first and second ends of the connector tube. In this
embodiment, the first   ~: ~ c;~ ~: z~~~ 



sealing members are preferably split ring seals and the second sealing
members are preferably bulkhead fitting seals. In accordance with another
aspect of the present invention, a spin, rinse, and dry (SRD) station for
spin rinsing a semiconductor wafer is provided. The SRD station 5 includes
a bowl having a bottom wall and a sidewall. A rotational member is disposed
in the bowl, with the rotational member being attached to a rotatable
shaft. A plurality of support members are attached to the rotational
member, with the support members being configured to support a
semiconductor wafer above the rotational member. The SRD station also
includes a motor for rotating the rotatable shaft and an adjustable nozzle
10 assembly mounted in the bowl. The adjustable nozzle assembly is
positioned so as to direct a spray of liquid toward a center of a bottom
side of a semiconductor wafer supported in the bowl. The adjustable nozzle
assembly preferably further includes a liquid supply tube disposed in the
opening of the second connector cap. The liquid supply tube is preferably
15 coupled to a source of deionized water. In one embodiment, the
adjustable nozzle assembly is disposed in an opening in the bottom wall of
the bowl. In this embodiment, the adjustable nozzle assembly includes the
components specified above, with the tubular portion of the nozzle being
disposed in the opening of the first connector cap so that a position of
the nozzle can be vertically and 20 rotationally adjusted. In another
embodiment) the adjustable nozzle assembly is disposed in an opening in the
sidewall of the bowl. In this embodiment, the adjustable nozzle assembly
includes the components specified above, with the tubular portion of the
nozzle being disposed in the opening of the first connector cap so that a
position of the nozzle can be horizontally and rotationally adjusted. 25 In
one embodiment, the adjustable nozzle assembly further includes first and
second nuts disposed on the connector tube. The first and second nuts
secure the connector tube to either the bottom wall or sidewall of the
bowl, depending on how the adjustable nozzle assembly is mounted in the
bowl. In accordance with yet another aspect of the present invention, a
method for spin 30 rinsing a bottom side of a semiconductor wafer is
provided. In this method a bowl having an adjustable nozzle for spraying
liquid toward a bottom side of a semiconductor wafer disposed in the bowl
is first provided. Liquid is then sprayed from the adjustable nozzle   ~ ~
~ ~ 2003 onto a center of the bottom side of the semiconductor wafer.
Preferably, before liquid is sprayed, the adjustable nozzle is oriented
such that liquid sprayed therefrom is directed toward the center of the
bottom side of the wafer. In one embodiment of the invention, the operation
of orienting the adjustable nozzle includes (a) orienting the adjustable
nozzle such that the adjustable nozzle is pointed toward a position where
the semiconductor wafer will be disposed in the bowl for spin rinsing, (b)
disposing a substantially transparent substrate in the bowl in the position
where the semiconductor wafer will be disposed for spin rinsing, (c)
spraying liquid from the adjustable nozzle toward a bottom side of the
substantially transparent substrate; (d) 10 observing where the liquid
contacts the bottom side of the substantially transparent substrate, (e)
adjusting the position of the adjustable nozzle in the event the liquid
does not contact a center of the substantially transparent substrate, and
(f) repeating operations (b) through (e) until the liquid contacts the
center of the substantially transparent substrate. The nozzle assembly of
the present invention advantageously enables an 15 operator to adjust
easily the position of the nozzle to compensate for tolerances in the spin
station, e.g., the spindle height may vary from spin station to spin
station. In the method for spin rinsing a bottom side of a semiconductor
wafer of the present invention, a substantially transparent substrate is
advantageously used to orient the adjustable nozzle to ensure that liquid,
e.g., DI water, is sprayed onto the center of the 20 bottom side of a
semiconductor wafer. This ensures that the entire bottom side of the wafer
is thoroughly rinsed. Testing has confirmed that use of the nozzle assembly
of the present invention with the adjustable nozzle properly oriented
yields improved wafer particle counts on the bottom side of semiconductor
wafers relative to the conventional nozzle shown in Figures 1A and 1B. 25
It is to be understood that the foregoing general description and the
following 



detailed description are exemplary and explanatory only and are not
restrictive of the invention, as claimed. BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and constitute part of
30 this specification, illustrate exemplary embodiments of the invention
and together with the description serve to explain the principles of the
invention.   - 1 I?~r yn3 Figure 1A is a simplified schematic cross-section
illustrating the conventional technique used to. spray deionized (Dl] water
on the bottom side of a wafer in a spin, rinse, and dry (SRD) station.
Figure 1B is an enlarged, detailed view of nozzle 16 shown in Figure lA.
Figure 2 shows a simplified side view of an SRD station including an
adjustable nozzle assembly for spraying the bottom side of a semiconductor
wafer in accordance with one embodiment of the invention. Figure 3 shows a
simplified side view of an SRD station including an adjustable nozzle
assembly for spraying the bottom side of a semiconductor wafer in
accordance 10 with another embodiment of the invention. Figure 4 is a top
view of bowl 102 shown in Figure 2. Figure 5 is a three-dimensional view of
an exemplary bowl that may be used to implement the adjustable nozzle
assembly of the invention. Figure 6 is an enlarged, detailed view of
adjustable nozzle assembly 116 shown 15 in Figure 2. Figures 7A and 7B show
side views of two alternative nozzle configurations. Figure 8A is a
cross-sectional view of connector cap 132a shown in Figure 6. Figure 8B is
a cross-sectional view of connector cap 132a shown in Figure 6 that
illustrates where sealing members may be provided in accordance with one 20
embodiment of the invention. Figure 9 shows a flowchart diagram 200
illustrating the method operations performed in spin rinsing a bottom side
of a semiconductor wafer in accordance with one embodiment of the present
invention. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 25 The present
preferred embodiments of the invention will now be described in 



detail with reference to the accompanying drawings. Figures 1A and 1B are
discussed above in the "Background of the Invention" section. The present
invention provides a nozzle assembly in which the nozzle is adjustable both
vertically (or horizontally when the nozzle assembly is mounted 30
sideways) and rotationally. The present invention also provides a spin,
rinse, and dry (SRD) station in which the adjustable nozzle assembly is
used to spray the bottom side   ~~~r ?_003 of a semiconductor wafer. The
present invention further provides a method for spin rinsing the bottom
side, i.e., the backside, of a semiconductor wafer. In one embodiment of
this method, a substantially transparent substrate, e.g., wafer, may be
used to ensure that the adjustable nozzle is properly aligned. 5 Figure 2
shows a simplified side view of an SRD station 100 including an adjustable
nozzle assembly for spraying the bottom side of a semiconductor wafer in
accordance with one embodiment of the invention. As shown therein, bowl 102
includes bottom wall 102a and sidewall 102b that extends upwardly from
bottom wall 102a. A plurality of rollers 104 supports substantially
transparent wafer 106 along its 10 side edge, with the number of rollers
typically being four. Each roller 104 is disposed on one of a corresponding
number of spindle fingers l08. Each of spindle fingers 108 is mounted on
spindle arm 110, which in turn is mounted on shaft 112. As is well known to
those skilled in the art, shaft 112 is coupled to spin motor 114 that
rotates the shaft and the structures connected thereto. Adjustable nozzle
assembly 116, which is 15 mounted on bottom wall 102b of bowl 102, is
coupled to a source 118 of deionized (DI) water through a liquid supply
tube 120. Adjustable nozzle assembly 116 is secured to bottom wall 102b by
a pair of nuts 122a and 122b (nut 122b is not shown in Figure 2) disposed
on opposite sides of bottom wall 102b, as will be described in more detail
later. 20 The use of substantially transparent wafer 106 enables an
operator to determine visually whether DI water sprayed from adjustable
nozzle assembly 116 contacts the center of the bottom side of wafer 106. If
the spray of DI water does not contact the center of the bottom side of
wafer 106, then the operator may make appropriate adjustments to the
nozzle. Depending on the nature of the misalignment, the position 25 of the
nozzle may be adjusted by moving the nozzle vertically, i.e., up and down,
or by rotating the nozzle. Once the nozzle is properly aligned, spin
rinsing of semiconductor wafers may commence. Figure 3 shows a simplified
side view of an SRD station 100' including an adjustable nozzle assembly
for spraying the bottom side of a semiconductor wafer in 30 accordance with
another embodiment of the invention. As shown therein, adjustable nozzle
assembly 116 is mounted on sidewall 102a of bowl 102. Adjustable nozzle
", ~ a E: ~ 20 assembly 116 is secured to sidewall 102a by a pair of nuts
122a and 122b (nut 122b is not shown in Figure 3) disposed on opposite
sides of sidewall 102a. In this configuration, in the event the nozzle is
misaligned, the position of the nozzle may be adjusted by moving the nozzle
horizontally, i.e., back and forth, or by rotating the nozzle. Figure 4 is
a top view of bowl 102 shown in Figure 2. As shown in Figure 4, four
rollers l04, each of which is mounted on one of spindle fingers I08,
support substantially transparent wafer 106 above spindle arm 110. As
mentioned above, during orientation of the nozzle, the use of substantially
transparent wafer 106 enables 



10 an operator to determine whether DI water sprayed from the nozzle is
contacting the center of the bottom side of the wafer. If the nozzle is not
properly oriented, then the necessary adjustments can be made using
substantially transparent wafer 106 before the processing of semiconductor
wafers begins, as will be described in more detail below. It will be
apparent from Figure 4 that the spray of DI water from adjustable nozzle 15
assembly 116 will be intermittently blocked by spindle arm 110 as it
rotates within bowl 102. At the high rotational speeds, e.g., about 100
rpm-1,800 rpm, used during spin rinsing, however, such intermittent
blocking does not prevent an effective amount of DI water from reaching the
center of the bottom side of the wafer. Figure S is a three-dimensional
view of an exemplary bowl that may be used to 20 implement the adjustable
nozzle assembly of the invention. As shown therein, bowl 102 includes
bottom wall 102b and sidewall 102a that extends upwardly from bottom wall
102b. Bottom wall 102 has an opening 124 formed therein through which a
shaft, e.g., shaft 112 shown in Figures 2 and 3, extends for spinning a
semiconductor wafer disposed in bowl 102, as is well known to those skilled
in the art. Sidewall 102a, which 25 is generally cylindrical, is provided
with channel 126 that collects runoff water in an SRD station. Bowl l02 may
be made of any suitable material, e.g., polypropylene. As is well known to
those skilled in the art, the diameter of the bowl is selected to be a
desired amount larger than the diameter of the semiconductor wafers being
processed. Figure 6 is an enlarged, detailed view of adjustable nozzle
assembly 116 shown 30 in Figure 2. As shown in Figure 6, connector tube 128
extends through opening 130 in bottom wall 102b of bowl 102. The outer
surface of connector tube 128 is threaded with, e.g., 7/16-20 threads.
Connector caps 132a and 132b, each of which has an   i ~!~r ~ll~~ 9 opening
therethrough, are provided at the opposing ends of connector tube 128.
Portions of the inner surfaces defining the openings in connector caps 132a
and 132b are threaded with complementary threads to those on the outer
surface of connector tube 128. This enables connector caps 132a and 132b to
be threaded onto the opposing 5 ends of connector tube 128. Connector tube
128 is secured to bottom wall 102b by a pair of nuts 122a and 122b, with
nut 122a engaging a top surface of bottom wall 102b and nut 122b engaging a
bottom surface of bottom wall 102b. If desired, one of nuts 122a and 122b
may be integral with connector tube 128. In one embodiment of the
invention, nut 122a is 10 integral with connector tube 128. In this
embodiment, after connector tube 128 has been inserted through opening 130
so that nut 122a engages the top surface of bottom wall 102b, nut 122b is
threaded onto connector tube until it engages the bottom surface of bottom
wall 102b. It will be apparent to those skilled in the art that other
equivalent fastening methods, e.g., welding, also may be used to secure
connector tube 128 to 15 bottom wall 102b. With continuing reference to
Figure 6, nozzle 134 has channel 134a defined therein and includes tubular
portion 134b and head portion 134c. Tubular portion 134b is disposed in the
opening of connector cap 132a. The orientation of channel 134a defined in
nozzle 134 changes at head portion 134c. In particular, the portion of 20
channel 134a defined in head portion 134c is preferably at an angle, 0, of
about 35 degrees to about 75 degrees relative to a plane perpendicular to
the portion of channel 134a defined in tubular portion 134b. In one
embodiment of the invention, the portion of channel 134a defined in head
portion 134c is at an angle, 0, of about 54.S degrees relative to a plane
perpendicular to the portion of channel 134a defined in tubular 



25 portion 134b. At the opposite end of connector tube 128, one end of
liquid supply tube 120 is disposed in the opening of connector cap 132b.
The other end of liquid supply tube 120 is coupled in flow communication
with source 118 of DI water. In operation, DI water from source 118 flows
through liquid supply tube 120 into the inner passageway of 30 connector
tube l28. DI water then flows out of connector tube 128 through channel
134a of nozzle 134.   - 1 ~ ,~ i~ 20n3  Figures 7A and 7B show side views
of two alternative nozzle configurations. As shown in Figure 7A, nozzle
134' is formed of a single piece of rigid tubing. In this nozzle
configuration, head portion 134'c includes the portion of nozzle 134' that
is at an angle relative to tubular portion 134'b. The relative angle of
channel 134'a in head 5 portion 134'c is preferably the same as that
described above in connection with Figure 6. As shown in Figure 7B, head
portion 134"c is comprised of a solid block. In this nozzle configuration,
channel 134"a in head portion 134"c is at an angle relative to channel
134"a in tubular portion 134"b. The relative angle of channel 134"a in head
portion 134"c is preferably the same as that described above in connection
with Figure 10 6. In view of the nozzle configurations shown in Figures 6,
7A, and 7B, it will be apparent to those skilled in the art that a variety
of head portions may be used to change the orientation of the channel
defined in the nozzle to the desired angle. Figure 8A is a cross-sectional
view of connector cap 132a shown in Figure 6. As shown therein, threaded
inner surface 136 has a diameter that is larger than that of 15 opening
138a in top surface 138. Tapered surface 140 extends between threaded inner
surface 136 and opening 138a in top surface 138. In one embodiment of the
invention, the configuration of connector cap 132b (see Figure 6) is the
same as that shown in Figure 8A. Figure 8B is a cross-sectional view of
connector cap 132a shown in Figure 6 20 that illustrates where sealing
members may be provided in accordance with one embodiment of the invention.
As shown therein, sealing member I42, which preferably has a generally
frustoconical shape, is positioned proximate to top surface 138. The size
of sealing member l42 is selected so that the outer tapered surface of
member 142 rests firmly against tapered surface 140 of connector cap 132a.
In addition, the ZS narrower opening of sealing member 142 has a diameter
selected to receive snugly tubular portion 134b of nozzle 134. In one
embodiment, sealing member 142 may be a split ring seal. Sealing member
144, which also preferably has a generally fiustoconical shape, is
positioned proximate to one end of connector tube 128 when connector cap
132a is 30 threaded thereon. The size of sealing member 144 is selected so
that at least a portion 



of the outer tapered surface of member 144 has a diameter larger than the
inner   s ~i ~' G Z00 a diameter of connector tube 128. With this
configuration, sealing member I44 rests firmly within the opening at one
end of connector tube 128. In addition, the narrower opening of sealing
member 144 has a diameter selected to receive snugly tubular portion 134b
of nozzle 134. In one embodiment, sealing member 144 may be a 5 bulkhead
fitting seal. Tubular portion 134b of nozzle 134 is held in place within
the opening in connector cap 132a by the compression fit between tubular
portion 134b and sealing members 142 and 144. It will be apparent to those
skilled in the art that the degree of compression fit is primarily a
function of the relative sizes of tubular portion 134b and 10 the narrower
openings of sealing members 142 and 144. The degree of compression fit is
preferably sufficient to hold tubular portion 134b securely in place when
the nozzle is in operation, while at the same time allowing the position of
tubular portion 134b to be adjusted by hand without the application of
excessive force. With the compression fit arrangement of the present
invention, the position of 15 nozzle 134 may be adjusted either axially or
rotationally. In particular, the axial position of nozzle 134 may be
adjusted by sliding tubular portion 134b within the opening in connector
cap 132a. When the nozzle is mounted on a bottom wall of a bowl as shown,
for example, in Figure 2, this axial sliding action will adjust the
vertical height of the nozzle. When the nozzle is mounted on a sidewall of
a bowl as shown, for 20 example, in Figure 3, this axial sliding action
will adjust the horizontal position of the nozzle. The angular position of
nozzle 134 may adjusted by rotating tubular portion 134b within the opening
in connector cap 132a. The sealing member arrangement illustrated in Figure
8B also may be used in connection with connector cap 132b (see, e.g.,
Figure 6). With this arrangement, liquid 25 supply tube l20 is held in
place within the opening in connector cap 132b by the compression fit
between tube 120 and the sealing members, e.g., sealing members 142 and 144
shown in Figure 8B. It will be apparent to those skilled in the art that
the degree of compression fit is primarily a function of the relative sizes
of liquid supply tube 120 and the narrower openings of the sealing members.
In one embodiment, liquid 30 supply tube may be I/4-inch plastic tubing.
The degree of compression fit is preferably sufficient to hold liquid
supply tube 120 securely in place when the nozzle is in operation.   - i C
~ C 2D3 iz Figure 9 shows a flowchart diagram 200 illustrating the method
operations performed in spin rinsing a bottom side of a semiconductor wafer
in accordance with one embodiment of the present invention. The method
begins in operation 202 in which an adjustable nozzle, e.g., the adjustable
nozzle shown in Figure 6, is oriented 5 such that liquid sprayed therefrom
is directed toward the position where a semiconductor wafer will be
disposed for spin rinsing. The adjustable nozzle may be provided in a
suitable bowl, e.g., the bowl shown in Figure 5. In operation 204 a
substantially transparent substrate, which may have the circular shape of a
wafer, is disposed in the position where the semiconductor wafer will be
disposed for spin 10 rinsing. By way of example, this may be accomplished
by supporting the substantially transparent wafer with rollers situated
above a spindle arm, as illustrated in Figures 2 and 3. In operation 206
liquid, e.g., DI water, is sprayed toward the bottom side of the
substantially transparent wafer. In operation 208 it is observed where the
liquid contacts the bottom side of the wafer. Because the wafer is
substantially transparent, an 



15 operator can determine where the liquid contacts the bottom side of the
wafer simply by looking through the wafer from above. As discussed in
detail above, to ensure that the bottom side of the wafer is thoroughly
rinsed to remove undesirable particulate contamination, the liquid should
contact the center of the bottom side of the wafer. The method then
proceeds to decision operation 210 in which it is determined 20 by
observation whether adjustments to the position of the adjustable nozzle
are necessary. If the liquid contacts the center of the bottom side of the
wafer, then the adjustable nozzle is properly aligned such that no
adjustments are necessary and the method proceeds to operation 212. On the
other band, if the liquid contacts a peripheral portion of the wafer, then
positional adjustments are necessary and the method proceeds 25 to
operation 214. Similarly, if upon observation it is found that the liquid
is not contacting the bottom side of the wafer at all, e.g., in the case of
insufficient DI water pressure, then adjustments are necessary and the
method proceeds to operation 214. In operation 214 the position of the
adjustable nozzle is adjusted to direct the spray of liquid toward the
center of the bottom side of the wafer. As set forth above in 30 connection
with the description of, for example, Figure 8B, the position of the
adjustable nozzle may be adjusted by sliding or rotating tubular portion
134b in connector cap 132a to vary the position of head portion 134c. More
particularly, when   " ~ Li C ~ L ~~3 13 the adjustable nozzle assembly is
mounted on a bottom wall of a bowl, the vertical height of head portion
134c may be varied by sliding tubular portion 134b up and down in connector
cap 132a. In some instances, the situation in which the DI water is not
reaching the bottom side of the wafer may be remedied by raising head
portion 134c so that it is closer to the bottom side of the wafer. The
angular position of head portion 134c may be varied by rotating tubular
portion 134b in connector cap 132a. The situation in which the DI water
contacts a peripheral portion of the bottom side of the wafer may be
remedied by changing one or both of the vertical height and angular
position of head portion 134c. Once the position of the adjustable nozzle
has been 10 adjusted, the method returns to operation 206 so that
operations 206, 208, and 210 may be repeated. Once it is determined in
operation 210 that the adjustable nozzle is properly aligned, the method
proceeds to operation 212. In operation 212 the spin rinsing of
semiconductor wafers begins and the method is done. Absent unusual
circumstances, 15 the spray of DI water from the adjustable nozzle will
contact the center of the bottom side of the semiconductor wafers because
the adjustable nozzle has been previously aligned using the substantially
transparent wafer. Consequently, despite not being able to see through
either the wafer or the bowl to confirm visually that the spray of DI water
is actually contacting the center of the bottom side of the wafer, an
operator can 20 be reasonably certain that the bottom side of a
semiconductor wafer is being thoroughly rinsed. It will be apparent to
those skilled in the art that the substantially transparent substrate used
in the process of orienting the adjustable nozzle need not be shaped as a
wafer, i.e., circular. If desired, substantially transparent substrates
having other shapes, 25 e.g., polygonal, may be used. As used in connection
with the description of the invention, the phrase "substantially
transparent substrate" means a substrate that transmits enough light so
that objects or images on one side of the substrate can be seen from the
other side of the substrate. The components of the adjustable nozzle of the
present invention may be 30 formed from any suitable material, e.g.,
polyethylene terepthalate (PET). The substantially transparent wafer is
preferably formed of polycarbonate; however, other suitable materials,
e.g., acrylics and glass, also may be used. When polycarbonate is   ~ ~~1~
zoo3 



14 used, the substantially transparent wafer may be fabricated by machining
a blank sheet. When materials other than polycarbonate are used, it will be
apparent to those skilled in the art that the use of other known techniques
to fabricate the substantially transparent substrate may be more
appropriate. 5 The nozzle assembly of the present invention advantageously
enables an operator to adjust easily the position of the nozzle to
compensate for tolerances in the spin station, e.g., the spindle height may
vary from spin station to spin station. In the method for spin rinsing a
bottom side of a semiconductor wafer of the present invention, a
substantially transparent substrate is advantageously used to orient the 10
adjustable nozzle to ensure that liquid, e.g., DI water, is sprayed onto
the center of the bottom side of a semiconductor wafer. This ensures that
the entire bottom side of the wafer is thoroughly rinsed. Testing has
confirmed that use of the nozzle assembly of the present invention with the
adjustable nozzle properly oriented yields improved wafer particle counts
on the bottom side of semiconductor wafers relative to the 15 conventional
nozzle shown in Figures 1A and 1B. In summary, the present invention
provides an adjustable nozzle assembly, a spin, rinse, and dry station for
spin rinsing a bottom side of a semiconductor wafer including the
adjustable nozzle assembly, and a method for spin rinsing a semiconductor
wafer. The invention has been described herein in terms of several 20
preferred embodiments. Other embodiments of the invention will be apparent
to those skilled in the art from consideration of the specification and
practice of the invention. For example, the nozzle assembly may be modified
to include multiple nozzles or more than one nozzle assembly may be mounted
in a bowl. The embodiments and preferred features described above should be
considered exemplary, with the invention being 25 defined by the appended
claims. What is claimed is:   - 1 D E C 2003 15 CLAIMS 1. A nozzle assembly
(1 16), comprising: a connector lobe (128) having a tint end and a second
end, an outer surface of said connector tube being threaded; a first
connector cap (132a) having an opening therethough, said first connector
cap having a top surface and a threaded inner surface, and said first
connector cap being threaded . onto said first end of said connector tube
(1Z8); . a second connector cap (132b) having an opening therethrough, said
second connector cap having a top surface and a threaded inner surface, and
said second connector cap being 10 threaded onto said second end of said
connector tube (128); and a nozzle (134) having a head portion (134c), a
tubular portion (134b), and a channel (134a) defined therein, said channel
defined in said head portion of said nozzle being at an angle of about 35
degrees to about 75 degrees relative to a plane perpendicular to said
channel defined in said tubular portion of said nozzle, and said tubular
portion being disposed 15 in said opening of said first connector-cap
(132a) so that a position of said nozzle can be axially and rotationally
adjusted. 2. The nozzle assembly (116) of claim 1, further comprising 



first and second nuts (122a, 122b) disposed on the connector tube {Z28). 3.
The nozzle assembly (116) of claim 2, wherein one of the first and second
nuts 20 (122a; 122b) is integral with the connector tube ('l28). 4. The
nozzle assembly (116) of claim 1. wherein the threaded inner surfaces of
the first and second connector caps { 132a, 132b) have a first diameter)
openings in the top surfaces of the (first and second connector caps have
,a second diameter, the second diameter being smaller than the first
diameter, and tapered surface extend between the threaded inner 25 surfaces
of the first and second connector caps and the openings in the top surfaces
of the first and second Gags. 5. Deleted. 6. Deleted. 7. The nozzle
assembly (11G) of claim 1, wherein first sealing members {142j an; 30
provided proximate to the top surfaces of the first and second connector
craps (132a, 132b),   trc., .~ 203 16 and second sealing members (144) are
provided proximate to the first and second ends of the connector tube
(128). 8. The nozzle assembly (116) of claim 7. wherein the first sealing
members (i42) ue split ring seals and the second scaling members (144) are
bulkhead fitting scats. 9. A spin, rinse, and dry station (100) for spin
rinsing a semiconductor wafer, comprising: a bowl (102) having a bottom
wall (1026) and a sidewall (102a); a rotational member (110) disposed in
said bowl, said rotational member being attached to a rotatable shaft
(112); 10 a plurality of support members (70$) attached to said rotational
member, said support members being configured to support a semiconductor
wafer above said rotational member; a motor ('114) for rotating said
rotatable shaft; and 



an adjustable nozzle assembly (116) disposed in an opening in said bottom
wall (102b) of said bowl, said adjustable nozzle assembly comprising 15 a
connector tube ( I 28) having a first end and a second end, an outer
surface of said connector tube being threaded; a first connector cap (132u)
having tut opening therethrough, said first connector cap having a top
surface and s threaded inner surface, and said first connector cup being
threaded onto said fast end of said connector tube; 20 a second connector
cap ( 132b) having an opening therethrough, said second cap. having a top
surface and a threaded inner surface and said second connector cup being
threaded onto said second end of said connector tube; and d nozzle (134)
having a tubular portion (134b) defining a channel (134a), said tubular
portion being disposed in said opening of said first. connector cap so that
a position of 25 said nozzle can be vertically and rotationally adjusted,
.and said nozzle being positioned so as to direct a spray of liquid toward
a center of a bottom side of a semiconductor wafer supported in said bowl.
1 U. Deleted. Il. Deleted   .~ i'l: 2003 i~ 12. A spin, rinse, and dry
'station (I00} for spin rinsing n semiconductor wafer, comprising; a bowl
(102) having a bottom wail (102b) and a sidewall (102a); a rotational
member (110) disposed in said bowl, said rotational member being 5 attached
to a rotatable shaft (112); a plurality of support members (1U8) attached
to said rotational member, said support members being configured to support
a semiconductor wafer above said rotational member; a motor (114) fur
rotating said rotatable shaft; and an adjustable nozzle assembly (116)
disposed in an opening in said sidewall (102a).of 10 said bowl, said
adjustable nozzle assembly comprising: a connector tube (128) having a
first end and a second end) an outer surface of said connector tube being
threaded; a first connector cap (132a) having an opening therethrough, said
first connector cap having a top surface and a threaded inner surface; and
said tint 1 connector cap being threaded an to said first end of said
connector tuba; s second connector cap (132b) having an opening
therethrough said second connector cap having a top surface and a threaded
inner surface, and said second connector cap being threaded onto said
second end of said connector tube: and a nozzle (134) having a tubular
portion (134b) defining a channel ( 134a), said ZO tubular portion being
disposed in. said opening of said first connector cap so that a position of
said nozzle can be horizontally and rotationally adjusted, and said nozzle
being positioned so as to direct a spray of liquid toward a center of a
bottom side of a semiconductor wafer supported in said bowl, 



13. Deleted. 25 I4. The spin, rinse,. and dry station (100) of claim 9,
wherein the adjustable nozzle assembly (1I6) further comprises first and
second nuts (122a, 122b) disposed nn the connector tube (128), said fast
and second nuts securing the connector tube to the bottom wall of the bowl.
15. The spin, rinse, and dry station (100) of claim 74, wherein a liquid
supply tube 30 (120) is disposed in the opening of the second connector cap
(132b), said liquid supply tube being coupled Lo a source of ideionized
water (I 18).   - ~ ~ ~. c zoa~ 18 1 G- The spin, rinse; and dry station
(100) of claim 12.' wherein the adjustable nozzle assembly (11 G) further
comprises first and second nuts (122a, 122b) disposed on the connector
robe) said first and second nuts securing the connector tube to the
sidewall of the bowl. 17. The spin, rinse, and dry station (100) of claim
1G, wherein a liquid supply tube ( 12U) is disposed in the opening of the
second connector cap (132b), said liquid supply tube being coupled to a
source of deionized water (1I8). 18. A method for spin rinsing a bottom,
side of a semiconductor wafer, comprising: lU .- providing a bowl (1U2)
having an adjustable nozzle (134) for spraying liquid toward a bottom side
of a semiconductor wafer disposed in said bowl; orienting said adjustable
nozzle (134) such that liquid sprayed from said adjustable nozzle is
directed toward the center of said bottom side of said semiconductor wafer;
and spraying liquid from said adjustable nozzle (131) onto a center of said
bottom side of 15 said semiconductor wafer, wherein the operation of
orienting said adjustable nozzle comprises: (a)'orienting said adjustable
nozzle (134) such that said adjustable nozzle is pointed toward a position
where said semiconductor wafer will be disposed in said bowl for spin
rinsing 20 . . (b) disposing a substantially transparent substrate (106) in
said bowl in said position where said semiconductor wafer will be disposed
for spin rinsing; - , . (c) spraying liquid from sad adjustable nozzle
(134) toward a bottom side of said substantially transparent substrate
(106); (d) observing where the liquid contacts said bottom side of said
substantially 25 transparent substrate (106); (c) adjusting the position of
said adjustable nozzle (134) in the event the liquid dots not contact a
center of said substantially transparent substrate (106); and (f) repeating
operations (b) through (e) until the liquid contacts the center of said
substrantially transparent substrte (I(7C). 3U 19. Deleted. 20. Deleted.
.A).AF.A).A<?.A)<.A.A).AYy.AFN#.A)1.A)\.A).v".A)Y".AF<|.AC.v.A.A|1#_.Ay\zv
(3@KT R$5~ytojc\W]ca U]c^a
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca 



U]c^a]caV]ca]caU]ca]ca Q|}""y%0&[&&'(()*E,`-01111223l4}xslgb]X]]ca]ca]ca]ca
U]c^a]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!l4465c555"6q66677r888999<:::;
<x?@)AvB)C>CCC1DDD{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!DEI)JJrKNNNNN&OO#PAPQ9SNSATTTU
UBVSVVW XXXXYsY
Z|wqlgb]X]]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca!
ZZv[[\i\]m]]]i_r``aa%bc/ceghhCjkkklqttTuQvTvVv}xsnid_Y]]U]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!Vv]vavcvfv]yyz|!}}~~EQT?"14;
eztoje`[V]ca]ca]ca]ca]ca]ca]c^aU]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c*
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca!%w^gkn1"pF`eH|wrmhc^Y]c]ca]ca]ca]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!\logR*:G`eH|wrmhc^Y]c]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(a]ca]ca]ca]ca]ca]caz_@ss10%J&'()-Y
!Gp10%&'()-Z10%J&'()- |G10%J&'()-10%J&'()- X #10%&'()-v %&zX9.
10J^)1%10%J^&'()-s!d)1%10%&'()-s!\)$10%&'()-!G$10%&'()-!d$10%&'()-#"10%Jp&'
()-&'(3@dE 10J^)PD10%&'()-!N#10%%%&'()-!CM!10%&'()-VM!10%&'()-! %10%&'()-
10J^ 10J^@KTdEE 10J^)#&10%&'()-$ 10%&'()-L! 10%&'()-6#10%&'()- 10%&'()-
10%&'()- gRa?E 10J^!4M!10%&'()-1
10%&'()-F,6#10%&'()-G!rF,6#10%,,&'()-Gf)0!10%&'()-c'#10%&'()- 5~\:
10J^!Uy$10%,,&'()-m! !10%&'()-9 10%&'()-=!10%&'()-< 10 10
10F8010%&'()-Q}^<~\: 10J^!!kF'$10%BB&'()-F$P"10%&'()-"10%&'()-!dc9$10%;
;&'()-v!10%&'()-!Uy$10%,,&'()-m:^PB4 10 10,, 10,, 10,,!U)s6s$10%,,&'()-c!;
)s6s$10%&'()-ci13"10%&'()-c)/$10%&'()-<,P"10%&'()-|! !}""}^?PB4 



10
10,,S10%X&'()-c&$10%&'()--!r,c&$10%XX&'()--!c&$10%&'()--G10%X&'()-%<10%X&'(
)-"i#$y%0&[&&}^?PB4 10 10,,/7#10%p&'()-i .10%X&'()-
i*3"10%&'()-)vs$10%X&'()--!d)vs$10%tXtX&'()--!_)vs$10%XX&'()--&'4(((((()rP1
1j!10%&'()-,!<10%&'()-= 10lili 10lili
10lili!\V6V$10%lili&'()-0!IV6V$10%&'()-0L3 10%X&'()-)*+E,`--\/}[9rP1
1!dc$10%;W;W&'()-7!Bc$10%WW&'()-7"10%&'()-$10%/&'()-!U$10%,,&'()-!4
"10%&'()-\/01111h222^<.1
1033!\)s6S#10%33&'()-c!B)s6S#10%&'()-cI410%&'()-=F1-
10%&'()-F/"10%&'()-=!Gc$10%ff&'()-7222234l44}^?1 1033!10%X&'()-
!10%!&'()-c! !10%&'()-c!H!10%((&'()-!!|'10%XX&'()-< 1033
1033465c555"6q6aB?1 1033!s&10%X&'()-=Yc10%X&'()- s10%X&'()-
s3]10%X&'()-cs10%X&'()-!\!10%XX&'()-q666f777r8}^<?1 1033!I)J 10%&'()-F'
10%X&'()-"10%W&'()-F!"10%XX&'()-F!0!10%XX&'()- c10%X&'()-r888999<:aB?1
1033!i6 10%&'()- !i4 10%&'()-1
10%X&'()-)0"10%X&'()-<.V10%X&'()-=,10%X&'()-<::::::;1<oM1
1033!i!y`"10%PP&'()-!"10%WW&'()-! %10%&'()- 10ee 10ee
10ee!U)@87#10%ee&'()-1<<=x?@)AvBwX9M1 1033f) 10%&'()-F'S#10%&'()-
!@p#10%&'()-3!Np#10%%%&'()-`!rp#10%II&'()-`!y`"10%PP&'()-vB)C>CCC1DDD}^?41 



10 109- 10%&'()- )#8"10%&'()- 6- 10%&'()-!4- 10%00&'()-
0310%&'()-!\F/S#10%33&'()-DDDDE0GHIgE1 10
10!Ucp#10%IjIj&'()-!\cp#10%P<P<&'()-!cp#10%tTtT&'()- 10%<&'()-3&Y10%)&'()-=
10 10I)JJrK L|MNN}[9+1
10<<!I,#10%<<&'()-!y,#10%m<m<&'()-!,#10%|j|j&'()-iI)j!10%)&'()-!;
F&#10%&'()-s$10%<&'()-NNNNN&OO#PdE1 10<<!I 10%&'()-Y  10%&'()-9 10%&'()-
10%&'()-!<%#10%&'()- 10<< 10<<#PAPQQ9SNSATa?E1
10<<!!i!!10%&'()-G910%&'()-l!10%&'()-ST#10%&'()-!NST#10%&'()-`10%&'()-ATTTU
UBVSV}^?E1 10<<!cC0m10%&'()-0.L!10%&'()-!0-L!10%JJ&'()-
!0)L!10%__&'()-c(#10%&'()- @&!10%&'()- SVVW XXX XXX}oP1010%&'()-Y%10%&'()-
1033 1033 1033!yF65#10%33&'()-!kF65#10%%%&'()-!1i!10%&'()-XYsY
ZZv[[zX6oP10!dc6p#10%;
;&'()-=!dcp#10%&'()-!rcvp#10%II&'()-!ycp#10%PP&'()-I0!10%%&'()-
!0!10%&'()-[\i\]m]]]aBoP10!dc6v%)10%&'()-# 10%&'()-3" 10%&'()-
!Nc#10%&'()-\#10%&'()-=10%&'()- ]i^i__r``pawX6oP10!d)Y7"10%&'()-s510%&'()-
!d)@/#10%;
;&'()-!k)@/#10%BB&'()-!UF&'#10%,,&'()-!;F&'#10%&'()-paaaaaa%bc/crS4010%&'()
- J 10%&'()-d%10%&'()-p!%10%&'()-p 1033 1033
1033!\)Y7"10%33&'()-/c~delfgghwU3rS40!\F$#10%33&'()-!dF$#10%;
;&'()-!Uc&#10%,,&'()-!4c&#10%&'()-!NSp#10%%%&'()-C!\Sp#10%33&'()-ChhiCjjkkk
wUG940!\ 10,,
10,,!U)4#10%,,&'()-!\)4#10%3q3q&'()-!k)Y.#10%BB&'()-!r)Y.#10%&'()-!,M!10%FF
&'()- kkkklmnQprP.4!@ p#10%&'()-!U; p#10%,,&'()-!k 



p#10%B0B0&'()- 10%&'()-=10%&'()-\&v10%&'()-  10,,QpqHrsttTuwX9.4!@is6
10%&'()-V4#10%&'()- !N)#&#10%%?%?&'()-I!\)#&#10%33&'()-I!X)#&#10%77&'()-I!#
p#10%&'()-TuNvOvPvQvcvfv]yyrS1!!Gp#10%&'()-0!10%&'()-I10%&'()-!WY)
10%..&'()-= 10 10
10!G)#87#10%&'()-yzzk||!}}z[9rS1!!G!r),#10%II&'()-s*10%&'()-=!dFv#10%;
;&'()- !kFv#10%BB&'()- !Fv#10%ff&'()- 10%&'()-=}}~~BCDEwi[M1!!G!r),#10%
10,, 10,, 10,,!U)s6"10%,,&'()-0!;)s6"10%&'()-0!d)03#10%;
;&'()-y!k),#10%B>B>&'()-EQT#}[<M1!!G!f 10%&'()-)!U"10%&'()- !d,"10%&'()-
!10%&'()-10%&'()-!
&<10%&'()-=?}[<M1!!G!F*#10%&'()-!rF*#10%,,&'()-!dc'p#10%&'()-s$10%$&'()-!L!
10%&'()-&10%&'()- !"14;ebC!!G!V&S10%&'()-  10%&'()-10%&'()-\&v10%&'()- 10
10 101310%&'()-e}[9bC!!G!N%10%&'()-!U$10%&'()-!0#10%&'()-
!0#10%&'()-dLi10%&'()-9 c10%&'()-%waBbC!!G!N*- 10%&'()- |)10%&'()-<'
10%&'()- V$s10%&'()-V$s10%&'()-!@%10%//&'()-aBbC!!G!Np7 10%&'()-
610%&'()-l410%&'()-!U`)1&10%&'()-/#10%&'()-
S,#10%&'()-[\]^kn~_@!!G!NL`p10%_&'()-L "10%_&'()- S10%_&'()-!v%10%__&'()-
10 10 10C&9$10%&'()- 1"pdE~_@!!G!Ny10%_&'()- \10%_&'()-010%_&'()-10%_&'()-
)10%_&'()-  - 10%_&'()-wpF|`{Z;~_@!!G!c %10%_&'()- Nc
%10%ee&'()-!Y"10%&'()- Y"10%&'()-)!G$10%^_^_&'()-10%_&'()-`eHa?~_@!!G!!-
10%pp&'()- !('10%__&'()-*`'$10%&'()-%$10%_&'()-9$10%_&'()-"* 



10%_&'()-]}rg\:!!G!!v%#10%cc&'()-  10_ 10_
10_710%_&'()-510%_&'()-!8|#/=%10%OO&'()-!N|#/=%10%__&'()-VzX6g\:!!!|v
$&10%))&'()-0!|v $&10%&'()-0!D|v $&10%pp&'()-0!|v $&10%zz&'()-0!4|v
$&10%&'()-010%&'()-HUnwV4g\:!!!d|v $&10%&'()-0 m|v $&10%&'()-0)!Z|v
$&10%&'()-0!||v $&10%&'()-0!~|v $&10%,,&'()-0!|v
$&10%22&'()-0nYZ[\loguS1!!4   #10%&'()-!n  #10%&'()-10%&'()-%\10%&'()- 10
10 10!I|v $&10%&'()-0gRqwU3uS1!!!N# %10%&'()-!d# %10%&'()-!4`F%10%&'()-
!"10%&'()-!G%10%&'()-!10%&'()-z*:GwX9uS1!!!NF:10%&'()-y8]10%&'()-!5!10%&'()
-!I2"10%&'()- !m#/"10%&'()-!,+"10%&'()- Normal" "Heading 13]c" "Heading
23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font'
%/7AKU^hPsD}!][Gl4D
ZVvGghijklmn&@"&)\/24q6r8<:1<vBDIN#PATSVX[]pa/chkQpTuy}Eep`ngGopqrstuvwxyz{
|}~6Times New RomanArialCourier New"h Root EntryWordDocumentL
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


