
;e3e;jY;gTTUV.V2X62YTYFM]16 AU61W7  - 1  CLEANING APPARATUS  II "'166166
Field of the Invention 5 This invention relates to a cleaning apparatus
which jets a cleaning liquid. More specifically, the invention relates to,
although not restricted to, a cleaning apparatus particularly suitable for
jetting a cleaning liquid at a surface of a workpiece, which has 10 been
cut by a cutter such as a semiconductor wafer dicer, to clean the
workpiece. 15 As is well known among people skilled in the art, a
semiconductor wafer dicer, which cuts a semiconductor wafer along cutting
lines arranged in a lattice pattern on the surface of the semiconductor
wafer, performs the cutting by causing a rotationally driven, thin,
disk-like 20 cutting edge to interfere with the semiconductor wafer, and
moving the cutting edge and the semiconductor wafer relative to each other
along the cutting lines. With such a dicer, swarf formed by the cutting of
the semiconductor wafer adheres to the surface of the semiconductor wafer
as 25 contamination. Thus, the dicer is also equipped with a cleaning
apparatus for removing the contamination from the surface of the
semiconductor wafer. This cleaning apparatus includes nozzle means disposed
adjacent the cutting edge, and high pressure cleaning liquid feeding 30
means. The nozzle means has an ejection port, and a high pressure cleaning
liquid path communicating with the ejection port. The high pressure
cleaning liquid feeding means feeds a cleaning liquid, which may be
deionized water, to the high pressure cleaning liquid path of the 35 nozzle
means at a high pressure of, for example, 40 to 200    2 6 AUG 2002 - 2
kgf/cmz. Such a cleaning liquid is jetted at a high pressure from the
ejection port of the nozzle means toward the surface in an area of the
semiconductor wafer which is cut by the cutting edge. By this measure, the
surface of 5 the semiconductor wafer is cleaned; that is, the contamination
is removed from the surface of the semiconductor wafer. The foregoing
cleaning apparatus poses the following problems to be solved: It is
necessary to 10 dispose a relatively bulky and expensive high pressure
cleaning liquid feeding means for feeding a cleaning liquid at a
considerably high pressure of, for example, 40 to 200 kgf/cmz. It is also
necessary that a pipeline between the high pressure cleaning liquid feeding
means 15 and the nozzle means be a relatively expensive one resistant to
the high pressure cleaning liquid. Thus, not only the apparatus is
relatively bulky, but the manufacturing cost for the apparatus is also
considerably high. 



20 Scary of the Invention A principal object of the present invention is to
provide a novel and improved cleaning apparatus which 25 obviates the need
to feed a cleaning liquid at a considerably high pressure, and thus is free
from the above-described problems facing the conventional cleaning
apparatus. The inventors of the present invention conducted 30 extensive
studies and experiments. As a result, they found that if a cleaning liquid
is jetted by the action of a compressed gas, nearly the same cleaning
effect as obtained by a jet of a considerably high pressure cleaning liquid
can be achieved, even when the pressure of the 35 compressed gas is not
very high. Even at the pressure of    ~ 2 6 AUG 2002 - 3  the compressed
gas which is much lower than the pressure of the cleaning liquid hitherto
employed, a sufficient cleaning effect can be attained. Hence, the cleaning
apparatus can be rendered considerably compact and 5 inexpensive compared
with the conventional cleaning apparatus. Particularly when the compressed
gas is fed at a pressure of 2.7 kgf/cmz or higher, and ejected through a
constriction with an internal diameter of 0.5 to 3.0 mm, the ejection speed
of the compressed gas becomes 10 supersonic. When this ejected gas is
caused to act on the cleaning liquid, and jetted, together with the
cleaning liquid, at an object to be cleaned, there can be achieved
substantially the same cleaning effect as when a considerably high pressure
cleaning liquid is jetted at an 15 object to be cleaned. Thus, according to
the present invention, there is provided a cleaning apparatus, which
attains the aforementioned principal object, comprising: nozzle means
having an ejection port, a cleaning 20 liquid path communicating with the
ejection port, and a compressed gas path communicating with the ejection
port; cleaning liquid feeding means for feeding a cleaning liquid to the
cleaning liquid path; and compressed gas feeding means for feeding a 25
compressed gas to the compressed gas path, wherein the compressed gas is
ejected from the ejection port through the compressed gas path, while the
cleaning liquid is ejected from the ejection port through the cleaning
liquid path. 30 Preferably, the compressed gas feeding means feeds the
compressed gas to the compressed gas path at a pressure of 2.7 kgf/cmZ or
higher, especially a pressure of 2.7 to 6.0 kgf/cm~. In a downstream end
portion of the compressed gas path, a constriction is preferably formed. 35
The internal diameter, d, of the constriction is   z s aus 2ooz - 4
preferably 0.5 to 3.0 mm, especially 1.0 to 2.0 mm. In a preferred
embodiment, the cleaning liquid path is caused to communicate with the
compressed gas path between the constriction and the ejection port, or at
the constriction, 5 and is also caused to communicate with the ejection
port via the downstream end portion of the compressed gas path.
Advantageously, at least a portion of the compressed gas path, ranging from
the constriction to the ejection port, extends substantially straightly,
and a downstream end 



10 portion of the cleaning liquid path extends at an angle of 45 to 90
degrees with the compressed gas path. The cleaning liquid feeding means can
feed the cleaning liquid to the cleaning liquid path at a pressure of 1.5
to 2.5 kgf/cm2. The cleaning liquid may be deionized water, and 15 the
compressed gas may be compressed air. FIG. 1 is a perspective view
schematically showing 20 an entire semiconductor wafer dicer equipped with
a cleaning apparatus constituted in accordance with the present invention;
FIG. 2 is a perspective view showing, in an enlarged manner, a part of the
semiconductor wafer dicer 25 of FIG. 1; FIG. 3 is a sectional view showing
nozzle means provided in the semiconductor wafer dicer of FIG. 1; FIG. 4 is
a sectional view showing a modification of the nozzle means; and 30 FIG. 5
is a plan view showing contamination removal rate measurement regions on a
surface of a semiconductor wafer in each of Examples and Comparative
Examples.   2 6 AUG 2002 - 5  f Preferred embodiments of a cleaning
apparatus constituted in accordance with the present invention will 5 now
be described in further detail with reference to the accompanying drawings.
FIG. 1 shows a semiconductor wafer dicer equipped with a cleaning apparatus
constituted in accordance with the invention. A dicer designated entirely
as the numeral 10 2 has a housing 4. On the housing 4, a loading area 6, a
waiting area 8, a chucking area 10, an alignment area 12, a cutting area
14, and a final cleaning and drying area 16 are defined. In the charging
area 6, a hoisting and lowering table 18 is disposed. On the hoisting and
15 lowering table 18, there is loaded a cassette C in which a plurality of
semiconductor wafers W (FIG. 2) are accommodated with spacing in a vertical
direction. As shown clearly in FIG. 2, the semiconductor wafer W
accommodated in the cassette C is mounted in a central 20 opening of a
frame F via a mounting tape T. On a surface of the semiconductor wafer W,
cutting lines L axe arranged in a lattice pattern. In conjunction with the
loading area 6 and the waiting area 8, first transport means 20 is
disposed. In accordance with the ascent and descent of 25 the hoisting and
lowering table 18, the first transport means 20 is actuated to deliver the
frame F, on which the semiconductor wafer W to be cut is mounted,
sequentially from the cassette C to the waiting area 8 (and, as will be
further mentioned later on, to bring the frame F, on which 30 the
semiconductor wafer W having been cut, finally cleaned and dried is
mounted, from the waiting area 8 into the cassette C). In conjunction with
the waiting area 8, the chucking area 10, and the final cleaning and drying
area 16, second transport means 22 is disposed. The frame F 35 delivered
from the cassette C to the waiting area 8 is   Z 6 AUG 2002 - 6
transported to the chucking area 10 by the second transport means 22. In
the chucking area 10, the frame F, on which the semiconductor wafer W to be
cut is mounted, 



is vacuum attracted onto a chuck 24 having a circular 5 surface. The frame
F attracted onto the chuck 24 in the chucking area 10 is moved in
accordance with the movement of the chuck 24, and positioned in the
alignment area 12. In conjunction with the alignment area 12, imaging means
26 is disposed. The surface of the semiconductor wafer A1 10 mounted on the
frame F is imaged by the imaging means 26. Based on the resulting image,
the chuck 24 (accordingly, the frame F having the semiconductor wafer W
mounted thereon) is precisely positioned so that the cutting lines L
arranged on the surface of the semiconductor wafer W 15 will rest on a
required relative position with respect to a cutting edge 28 disposed in
conjunction with the cutting area 14. The surface of the semiconductor
wafer W imaged by the imaging means 26 is displayed on a monitor 30. Then,
the chuck 24 is moved to the cutting area 14, where 20 the semiconductor
wafer W mounted on the frame F is cut along the cutting lines L. In FIG. 2,
the cutting line L that was already cut is indicated as a thick solid line,
while the cutting line L that has not been cut is indicated as a thin solid
line. This cutting is carried 25 out such that at least the mounting tape T
is uncut, while the semiconductor wafer W usually is not cut completely,
but a portion thereof facing downward is left uncut. Hence, even after
cutting of the semiconductor wafer W, the semiconductor wafer W continues
to be mounted on the 30 frame F via the mounting tape T. After the
semiconductor wafer W is cut as required in the cutting area 14, the frame
F is returned to the chucking area 10 in accordance with the movement of
the chuck 24. In conjunction with the chucking area 10 and 35 the final
cleaning and drying area 16, third transport   2 6 AUG 2002 - 7  means 32
is disposed. By this third transport means 32, the frame F is transported
to the final cleaning and drying area 16. In the final cleaning and drying
area 16, the cut semiconductor wafer W is finally cleaned and dried 5 by
cleaning and drying means (not shown). Then, the frame F is returned to the
waiting area 8 by the second transport means 22, and returned to the
cassette C by the first transport means 20. Referring to FIG. 2 along with
FIG. 1, cutting 10 means 34 including the cutting edge 28 is disposed in
the cutting area 14. The cutting means 34 has a rotatably mounted rotating
shaft 36, and the cutting edge 28 is fixed to a front end portion of the
rotating shaft 36. The cutting edge 28 may be a thin, circular one
containing 15 numerous diamond particles. Adjacent to the cutting edge 28,
a cooling liquid jetting nozzle 38 is disposed. In the cooling liquid
jetting nozzle 38, a plurality of jetting holes (not shown) directed toward
the cutting edge 28 are formed. In cutting the semiconductor wafer W, the
20 rotating shaft 36 is rotationally driven, and the chuck 24 having
attracted thereto the frame F, on which the semiconductor wafer W is
mounted, is continuously moved, for cutting, in directions shown by arrows
40 and 42 in FIG. 2. Between a cutting movement and a subsequent 25 cutting
movement, the chuck 24 is moved, for indexing, in a direction shown by an
arrow 44 or 46, whereby each of the cutting lines L is sequentially aligned
with the cutting edge 28. Upon completion of cutting along the cutting
lines L extending in a predetermined direction, 30 the chuck 24 is rotated
through an angle of 90 degrees, whereafter cutting along the cutting lines
L extending perpendicularly to the cutting lines L extending in the
predetermined direction is performed likewise. In this manner, the
semiconductor wafer W is cut along the cutting 35 lines L arranged in the
lattice pattern. When cutting of   2 6 AUG ZOOZ 



_ g _ the semiconductor wafer W is performed by the cutting edge 28, a
cooling liquid which may be deionized water is jetted from the jetting
holes of the cooling liquid jetting nozzle 38 toward the cutting edge 28.
The dicer 2 5 also has a cleaning apparatus 48, which includes nozzle means
50 disposed adjacent to and forward of the cutting edge 28. From the nozzle
means 50 of the cleaning apparatus 48, a cleaning liquid is jetted toward
the area in the semiconductor wafer W, where cutting was already 10
performed, to remove swarf from the surface of the semiconductor wafer W.
Constitutions other than the cleaning apparatus 48 in the illustrated dicer
2 may be in a suitable form well known among people skilled in the art, and
do not 15 constitute a part of the invention. Thus, an explanation for
their details will be omitted herein. Referring to FIG. 3 along with FIG.
2, a main portion 52 of the nozzle means 50 of the cleaning apparatus 48 is
disposed substantially vertically, and is 20 positioned substantially
perpendicularly to the semiconductor wafer W located in the cutting area
14. In a front end face, i.e., a lower end face, of the nozzle means 50, an
ejection port 54 is formed. In the nozzle means 50, not only a compressed
gas path 56 communicating 25 with the ejection port 54, but also a cleaning
liquid path 58 communicating with the ejection port 54 is formed. The
compressed gas path 56 extends substantially vertically as tar as the
ejection port 54 in the main portion 52 of the nozzle means 50. In a
downstream end portion of the 30 compressed gas path 56, a constriction 60
is formed. Upstream from the constriction 60, the internal diameter of the
compressed gas path 56 is gradually decreased toward a downstream side.
Downstream from the constriction 60, the internal diameter of the
compressed 35 gas path 56 is gradually increased. The internal diameter,
2 6 AUG 2002 - 9  d, of the constriction 60 is preferably 0.5 to 3.0 mm,
especially 1.0 to 2.0 mm. The cleaning liquid path 58, on the other hand,
extends parallel to the compressed gas path 56 in the main portion 52 of
the nozzle means 50, 5 then extends at an angle, a, to the compressed gas
path 56, and is connected to the compressed gas path 56 downstream from the
constriction 60. Thus, the cleaning liquid path 58 is caused to communicate
with the ejection port 54 via the downstream end portion of the compressed
gas path 56. 10 The angle a which a downstream end portion of the cleaning
liquid path 58 makes with the compressed gas path 56 is preferably about 45
to 90 degrees. To the compressed gas path 56, compressed gas feeding means
64 is connected via a pipeline 62. To the 15 cleaning liquid path 58,
cleaning liquid feeding means 68 is connected via a pipeline 66 (the
cooling liquid jetted from the cooling liquid jetting nozzle 38 can also be
fed from the cleaning liquid feeding means 68). In the pipeline 62, an
opening and closing control valve 70 is 20 disposed. In the pipeline 66, an
opening and closing control valve 72 is disposed. The compressed gas
feeding means 64 feeds a compressed gas, which may be compressed air,
preferably at a pressure of 2.7 kgf/cmz or higher, especially at a pressure
of 2.7 to 6.0 kgf/cm2, to the 25 compressed gas path 56 via the pipeline
62. The cleaning liquid feeding means 68 feeds a cleaning liquid, which may
be deionized water, preferably at a pressure of 1.5 to 2.5 kgf/cm2, to the
cleaning liquid path 58 via the pipeline 66. In cleaning the cut area of
the semiconductor wafer W, 30 the cleaning liquid is fed from the cleaning
liquid feeding means 68 to the cleaning liquid path 58, while the
compressed gas is fed from the compressed gas feeding means 64 to the
compressed gas path 56, whereupon the cleaning liquid and the compressed
gas are ejected 35 together from the ejection port 54. The cleaning liquid
2 6 AUG - 10  



caused to flow from the cleaning liquid path 58 to the downstream end
portion of the compressed gas path 56 is accelerated by the compressed gas
ejected from the ejection port 54 through the constriction 60, and jetted 5
from the ejection port 54. A jet of the cleaning liquid strikes the surface
of the semiconductor wafer W to clean the surface of the semiconductor
wafer W effectively. According to the inventors' experience, when the
compressed gas is fed, particularly, at a pressure of 2.7 10 kgf/cm2 or
higher, and ejected through the constriction 60 with an internal diameter
of 0.5 to 3.0 mm, especially 1.0 to 2.0 mm, the ejection speed of the
compressed gas becomes supersonic, and can make the cleaning effect fully
satisfactory. To achieve a satisfactory cleaning effect, 15 the pressure of
the compressed gas need not be excessively high, but may be about 2.7 to
6.0 kgf/cmZ. FIG. 4 shows a modification of the nozzle means. In nozzle
means 150 illustrated in FIG. 4, a constriction 160 formed in a compressed
gas path 156 is relatively long, 20 and a downstream end portion of a
cleaning liquid path 158 extends substantially perpendicularly to the
compressed gas path 156, and is connected to the constriction 160. Other
constitutions of the nozzle means 150 are substantially the same as in the
nozzle means 50 25 illustrated in FIG. 3. Examples and Comparative Examples
Examples 1 to 6 30 A dicer sold under the trade name "DFD640" by Disco
Corporation (Tokyo, Japan) was used, with its cleaning apparatus being
changed to a cleaning apparatus of a shape as illustrated in FIGS. 1 to 3
(such a dicer had a shape as shown in FIGS. 1 to 3). A semiconductor wafer
mounted 35 on a frame via a mounting tape was brought into the dicer   2 6
AUG 2002 - 11  to cut the semiconductor wafer in a lattice form. The
semiconductor wafer was a silicon water of a shape as shown in FIG. 5, and
having a diameter D of 150 mm, an orientation flat length L of 50 mm, and a
thickness TH of 5 0.5 mm. The surface of the semiconductor wafer was in a
mirror polished state. Prior to cutting of the semiconductor wafer, the
surface of the semiconductor wafer was imaged by an imaging device. The
resulting image was measured for the 10 lightness of each of five regions
R1, R2, R3, R4 and R5 on the surface of the semiconductor wafer. The
semiconductor wafer was to be cut by a subsequent cutting operation along
20 lateral cutting lines LL and 20 vertical cutting lines LV shown in FIG.
5. Each of the regions R1, R2, R3, 15 R4 and R5 is a region surrounded by
the lateral cutting lines LL and the vertical cutting lines LV. The
lightness of each region was determined by measuring the lightness of each
of 512 x 480 pixels in each region on a 64-level gradation scale (level 1
represents white, and level 64 20 black), and calculating the total value
of lightness of a11 pixels in each region. The average value of lightness
for the five regions was found to be 200x109. This fact means that the
average lightness of the surface of the semiconductor wafer having no swarf
is 200x109. 25 Then, the semiconductor wafer was cut (more specifically,
cut to a depth of 0.5 mm from the surface) along 20 lateral cutting lines
LL arranged with equal spacing (7 mm) and 20 vertical cutting lines LV
arranged with equal spacing (7 mm). The average lightness of the 30 surface
of the semiconductor wafer after cutting was determined by the
above-described method. Furthermore, the surface of the semiconductor wafer
after cutting was cleaned by the cleaning apparatus, and then the average
lightness of the surface of the 



35 semiconductor wafer was determined. The internal diameter   2 6 AUG 2002
- 12  of a constriction in a compressed gas path of nozzle means was 0.5
mm. The compressed gas path was fed with compressed air at a pressure as
described in Table 1 below. A cleaning liquid path was fed with 140 cc/min
of 5 deionized water at a pressure of 2.0 kgf/cm2. During cleaning, a chuck
(accordingly, the semiconductor wafer) was moved at a speed of 30 mm/second
relative to the nozzle means. The cleaning rate was calculated from the
equation: 10 Cleaning rate = {[(average lightness before cleaning  15
200x10) - (average lightness after cleaning 200x10)]/(average lightness
before cleaning - 200x10)} x 100 The results are shown in Table 1. Table 1
Air pressure (kgf/cm'-) Average lightness before cleaning Average lightness
after cleaningCleaning rate
(o)Ex.12.5558x10433x1035Ex.22.7563x10399x1045Ex.33.0559x10387x104BEx.44.055
3x10378x 1 050Ex.55.0559x10__ _ _ 368x1053Ex.66.0561r,10344x1060 Fxa~ples 7
to 12 



The cleaning rate was determined in the same manner as in Examples 1 to 6,
except that the internal diameter 20 of the constriction in the compressed
gas path of the nozzle means was 1.1 mm. The results are shown in Table 2.
Table 2 Air pressure (kgf/cm2) Average lightness before cleaning Average
lightness after cleaningCleaning
rateEx.72.5558g10367x1053Ex.82.7565x10328x1065Ex.93.0554x10316x1067Ex.lO4.0
557x10276x1079Ex.l15.0553x10275x1079Ex.l26.0564x10 ~253x10 ~85~   2 6 AUG
Q002 - 13  Exa Ales 13 to 18 The cleaning rate was determined in the same
manner as in Examples 1 to 6, except that the internal diameter 5 of the
constriction in the compressed gas path of the nozzle means was 1.4 mm. The
results are shown in Table 3. Table 3 Air pressure (kgf/cmZ) Average
lightness before cleaning Average lightness after cleaningCleaning rate
(o)Ex.l32.5552x10355x105GEx.l42.7561x10289x1075Ex.l53.0558x10276x1079Ex.l64
.0559x10241x1088Ex.l75.0563 x10217x1095Ex.lB ~6.0_ ~ 554x10 ~216x10 ~95 



10 Exa ales 19 to 24 The cleaning rate was determined in the same manner as
in Examples 1 to 6, except that the internal diameter of the constriction
in the compressed gas path of the nozzle means was 1.8 mm. The results are
shown in Table 4. 15 Table 4 Air pressure (kgf/cm2) Average lightness
before cleaning Average lightness after cleaningCleaning rate
(o)Ex.l92.5556x10351x1057Ex.202.7551x10277x1078Ex.213.0555x10266x1081Ex.224
.0569x10230x1092Ex.235.0566x10217x1095Ex.246.0558x10217x10~ 95 F,xam~1_es
25 to 30 The cleaning rate was determined in the same manner 20 as in
Examples 1 to 6, except that the internal diameter of the constriction in
the compressed gas path of the nozzle means was 3.0 mm. The results are
shown in Table 5.   2 6 AUG 2D02 - 14  Table 5 Air pressure (kgf/cm2)
Average lightness before cleaning Average lightness after cleaningCleaning
rate 



(o)Ex.252.5569x10366x1055Ex.262.7556x109286x1076Ex.273.0553x10'274x10979Ex.
284.0557x10241x10'88Ex.295.0561x109234x1090Ex.306.0559x10222r,1094 3 For
purposes of comparison, the cleaning rate was 5 determined in the same
manner as in Example 1, except that only the cleaning liquid path with an
internal diameter of 0.1 mm was formed in the nozzle means of the cleaning
apparatus, and that the nozzle means was fed with 3,500 cc/min of deionized
water at a pressure as described in 10 Table 6. The results are shown in
Table 6. Table 6
CleaningliquidAverageAverageCleaningpressurelightnesslightnessrate(kgf/cm2)
before cleaningafter cleaningComp. Ex.II00558x10286x1076Comp.
Ex.2150565x10237x1090Comp. Ex.3200554x10217x1095 From the foregoing
Examples and Comparative 15 Examples, it is understood that the cleaning
apparatus of the present invention can achieve the same cleaning effect as
the cleaning effect of the conventional cleaning apparatus which fed a
cleaning liquid at a considerably high pressure, even when the pressure of
the compressed 20 gas fed and the pressure of the Cleaning liquid fed are
much lower than the pressure of the Cleaning liquid in the Conventional
cleaning apparatus.   26 AUG20~1 -15 CLAIMS 1. A cleaning apparatus
comprising: nozzle means having an ejection port, a cleaning liquid path
communicating with the ejection,port, and a compressed gas path
communicating with the ejection port, wherein a constriction is formed in a
downstream end portion of the compressed gas path and the cleaning liquid
path is caused to communicate with the compressed gas path between the
constriction and the ejection port, or at the constriction, and is also
caused to communicate with the ejection port via the downstream end portion
of the compressed gas path; cleaning liquid feeding means for feeding a
cleaning liquid to the cleaning liquid path, wherein the cleaning liquid
feeding means feeds the cleaning liquid to the cleaning liquid path at a
pressure of 1.5 to 2.5 kgf/cmz; and compressed gas feeding means for
feeding a compressed gas to the compressed gas path, wherein the compressed
gas feeding means feeds the compressed gas to the compressed gas path at a
pressure of 2.7 kgf/cm2 or higher, and wherein the compressed gas is
ejected fi-om the ejection port through the compressed gas path, while the
cleaning liquid is ejected from the ejection port through the cleaning
liquid 



path. 2. The cleaning apparatus of claim 1, wherein the compressed gas
feeding means feeds the compressed gas to the compressed gas path at a
pressure o f 2.7 kgfJcmZ to 6.0 kgflcm2.   2 6 AUG 2UUZ -16 3, The cleaning
apparatus of claim I, wherein an internal diameter, d, of the constriction
is 0.5 to 3.0 mm 4. The cleaning apparatus of claim 3, wherein the internal
diameter, d, of the constriction is 1.0 to 2.0 mm. 5. The cleaning
apparatus of claim 1, wherein at least a portion of the compressed gas
path, ranging from the constriction to the ejection port, extends
substantially straightly, and a downstrcarn end portion of the cleaning
liquid path extends at an angle of 45 to 90 degrees with the compressed gas
path. 6. The cleaning apparatus of claim 1, wherein the cleaning liquid is
deionized water. 7. The cleaning apparatus of claim 1, wherein the
compressed gas is compressed air. .A@[3L.A L.A9.Ahf
.AU,9.Af.A9.A9.AU@9.AA,9.A_.AUi.A.?.AY .A.A3  $(2;>IBCjvwMN[a
{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a
]c^a U]c^aU]ca]c:a]ca]ca]c^a]c:aU]ca]ca  D   



i  -
9/!"^{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(a]ca]ca]ca]
ca]caU]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca!"#$!$'$Y$$<%v%'e+g+++++l-!."..Z2[2
u3333355::;
}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!;q;
<=@@oBBBBBH(H8HIIIIJKKKaNQ$Q+QQ<RRR&S)SSS{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca
!SSJTLT_TbTcTfTuTzTTTUUUVVVVVV
WWW0WWXXXYY-Y8Y~ytoje_ZTlgb]]c^a]ca]c^a]ca]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]
c^a]ca]c^a]ca]ca]ca]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]ca 8YHYKY]YY;
Z>ZFZGZH[J[m[[[e\r\y\\\]]'_/_0_`abbb6bbb9cczupkfa\W]c]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]c^a]
ca]ca!cc@ddd"ereefZffffWgrggggg+h^hhhFiiiij;
j}xszupkfa\W]c]ca]ca]ca]ca]ca]c]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$(IQ}[9!y* F"10%99&'()-!S
4"10%&'()- !! 4"10%vv&'()-  4"10%8&'()- yf10%&'()-!y
0@3*10%&'()-&QjwX6!*-#10%&'()-Sy(
10%&'()-!~""10%>>&'()-S!""10%&'()-S!f#10%&&&'()-S!~ F"10%>>&'()-0JKLMz[PE:!
10 10 101#10%&'()-!a1#10%!!&'()-!y1#10%&'()-y010%&'()-!*-#10%QQ&'()-SMN[a D
a?PE:! 10! 10%((&'()-@y10%(&'()-y3 10%(&'()-yf10%(&'()-!$10%((&'()-
910%(&'()-9  3i  }^?PE:! 10$ 10%(&'()-S
10%(&'()-S-#10%&'()-S!-#10%c(c(&'()-S!-#10%&'()-Sy10%(&'()- -  9u{Y:/:
100@#10%&'()-f!0@#10%c(c(&'()-f
t0@#10%t&'()-f!sl("10%{l{l&'()-!l("10%l&l&&'()-Sl% 10%(&'()-jH:
100@#!#10%&'()-y!#10%&'()-y@l10%`&'()- Sy10%`&'()-10%`&'()- 10 



10<wU3H: 1!9S#10%&'()-S !`9S#10%&'()-S !&9S#10%`p`p&'()-S !9S#10%&'()-S
!9S#10%``&'()-S !#10%&'()-y~_@ 1!9@Y10%:&'()-SS10%:&'()-'f10%:&'()- 10`d
10`d 10`d9S#10%`d&'()-S !9S#10%&'()-S /1^}^<~_@ 1!!""10%: :
&'()-f-#10%:P&'()-f!x-#10%&'()-f!y-#10%&'()-f` `!10%:&'()-S 10%:&'()-4wi[M@
1!!""10 10 10 10!""10%&'()-f!""10%&'()-f!""10%:K:K&'()-f!~""10%&'()-fX}^?M@
1!!,410%t &'()-y9  "10%tZ&'()-!9
"10%zz&'()-!,l10%``&'()-Sf10%t&'()-',10%t&'()- Ogv !"wU3M@
1!&g#10%&'()-!!n&g#10%&'()-!!&g#10%&'()-!!&g#10%
&'()-!!&g#10%&'()-!!,410%&'()-y""#$$$$!$'$uV7 1!yy10%:&'()-F(f10%:&'()-3
10tt 10tt 10tt!&9s!10%tt&'()-f,410%t&'()-&g#10%t&'()-!'$Y$$%<%v%#&a?uV7
1!!-#10%BB&'()-zy& 10%:&'()-&:!10%:&'()-@!&:!10%EE&'()-@
10%:&'()-flt10%:&'()-#&@''a(x)**wU6uV7
1!@#10%:e&'()-S!x@#10%&'()-S!@#10%FF&'()-S!@#10%==&'()-S!x-#10%
&'()-z!-#10%&'()-z*+++++++,~_= 1!!l"10%(o(o&'()-  f10%'o&'()-l(10%'o&'()-
10: 



10: 10:: 10%:&'()-!x@#10%rr&'()-S,l---.//xV4~_= 1!!&S#10%oo&'()-f
!&S#10%'o'o&'()-f !`&"10%oo&'()-f!!&"10%HH&'()-f &"10%&'()-f!l"10%#o#o&'()-
/1263r3s3t3u33zodY: 1!!(10%\&'()-  10'8 10'8 10'8&S#10%'8&'()-f
!x&S#10%((&'()-f !e&S#10%&'()-f !n&S#10%oo&'()-f 33f4}55i66zX6dY:
1!!!sYg#10%ZZ&'()-34!Yg#10%88&'()-34!xYg#10%$$&'()-34!%Yg#10%**&'()-34!Yg#1
0%\\&'()-34f10%\&'()-6i7~89:::::wXMB7 1!!! 10\ 10\
10\Yg#10%\&'()-34!Yg#10%&'()-34!|Yg#10%\\&'()-34!`Yg#10%ZZ&'()-34!Yg#10%dd&
'()-34::;q;;<=^?MB7 1!!! 10@10%M&'()-!9l #10%SS&'()-z!9l #10%E9E9&'()-z@Yy
10%M&'()-zSS10%M&'()-'@10%M&'()-==@>?8@^AoBwU3MB7
1!t&y#10%&'()-$!n`&y#10%&'()-$!t&y#10%&'()-$!&y#10%cc&'()-$!&&y#10%M1M1&'()
-$!}&y#10%&'()-$oBBBBBBBCD_=
1!t!.F@#10%AA&'()-$!F@#10%!f!f&'()-$S:10%`&'()-',10%`X&'()-  10M 10M
10M:!10%M&'()-DE6FFGH(HwX9_=
1!,.10%`&'()-F@#10%`9&'()-$!s`F@#10%&'()-$!F@#10%&'()-$!F@#10%&'()-$!F@#10%
&'()-$(H8HSIIIIIII}^? 1!SM10%M&'()-(10%M&'()-  10` 10`
10`1@#10%`&'()-!n1@#10%&'()- 1@#10%&'()-IIJJJKsK}[9}^? 1!!-#10%&'()-!`l 



!10%66&'()-!`l !10%6q6q&'()-!`l
!10%IaIa&'()-f10%M&'()-fF10%M&'()-sKKKLMaNN}[9}^?
1!!(-#10%&'()-!x#10%&'()-!#10%&'()-!#10%&'()-Sf
10%M&'()--#10%M&'()-NO9PPQQQQ$QzodY: 1!!'10%M&'()- 10M 10M
10M(-#10%M&'()-!(-#10%&'()-!(-#10%&'()-!(-#10%&'()-$Q+QQR<RRRaBdY:
1!!,10%M&'()-,m10%M&'()-9 #10%M=&'()-!9 #10%66&'()-,Y
10%M&'()-zyM10%M&'()-R&S)SSSSSaGdY: 1!!!10%M&'()-10%M&'()- ,z 10%M&'()-!a,z
10%II&'()-10%M&'()-&10%M&'()-SSSSSSSSjK1:
!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-STT'T
,T0T1Te;1:
!1)?9o-!(!10%M&'()-(!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-1T6T:TBTJTMTNTi
?1:
!1))?9o-!!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-NTSTWT_TgTjTkTi?
1:
!1))?9o-!!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-kTpTtT|TTTTi?1:
!1))?9o-!!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-TTTTTTTTiJ+:!10%
M&'()-o!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-TTTTTTT~
_@+:!10%M!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-!10%M&'()-)?9o-!TTTTTTTy_@
+:!10%M!10%M&'()-!10%M&'()-)?9o-!!10%M&'()-!10%M&'()-o!10%M&'()-TTTTTTTy`?+
:!10%M
'F(S#10%tEt&'()-!10%M&'()-)?9o-!!10%M&'()-!10%M&'()-o!10%M&'()-TUUUUUUaA+:!
10%M ~2!10%1&&'()-~2!10%1&&'()-~2!10%1&&'()- F110%1&&'()-
,F(S#10%y1&y&'()-- F(S#10%%&'()-UUUVV V2VgG+:!10%M
~2!10%1&&'()-~2!10%1&&'()-~2!10%1&&'()-~2!10%1&&'()-~2!10%1&&'()--~2!10%1&&
'()-2VAVJVOVPVUVYVuY9+:!1~2!10%1&&'()-~2!10%1&&'()-)?.2!~2!10%1&&'()-~2!10%
1&&'()-~2!10%1&&'()-YVaViVlVmVrVvVuY9+:!1~2!10%1&&'()-~2!10%1&&'()-)?.2!~2!
10%1&&'()-~2!10%1&&'()-~2!10%1&&'()-vV~VVVVVVuY9+:!1~2!10%1&&'()-~2!10%1&&'
()-)?.2!~2!10%1&&'()-~2!10%1&&'()-~2!10%1&&'()-VVVVVVVuY9+:!1~2!10%1&&'()-~
2!10%1&&'()-)?.2!~2!10%1&&'()-~2!10%1&&'()-~2!10%1&&'()-VVVVVVVuY9+:!1~2!10
%1&&'()-~2!10%1&&'()-)?.2!~2!10%1&&'()-~2!10%1&&'()-~2!10%1&&'()-VVVVVVVuY9
+:!1~2!10%1&&'()-~2!10%1&&'()-)?.2!~2!10%1&&'()-~2!10%1&&'()-~2!10%1&&'()-V
VWWWWWW
WuZM@3101&101&101&~2!10%1&&'()-)?.2!~2!10%1&&'()-~2!10%1&&'()-~2!10%1&&'()-
WWW0WWXX|[:M@310 &10%&&'()-  f& 10%&&'()- s "10%&&'()-f s "10%[&'()-f
,:10%&&'()- '10%&&'()-XXX&X0X1XCXhHM@310
&^!10%&&'()-^!10%&&'()-^!10%&&'()-^!10%&&'()-^!10%&&'()-^!10%&&'()-CXSXTXfX
uX~XXcCM@310
^!10%&&'()-^!10%&&'()-^!10%&&'()-^!10%&&'()-^!10%&&'()-^!10%&&'()-XXXXXXXyY
9M@310^!10%&&'()-^!10%&&'()-^!10%&&'()-^!10%&&'()-)?)-!^!10%&&'()-XXXXXXXyY
9M@310^!10%&&'()-^!10%&&'()-^!10%&&'()-^!10%&&'()-)?)-!^!10%&&'()-XXXXXXXyY
9M@310^!10%&&'()-^!10%&&'()-^!10%&&'()-^!10%&&'()-)?)-!^!10%&&'()-XXXXXXXyY
9M@310^!10%&&'()-^!10%&&'()-^!10%&&'()-^!10%&&'()-)?)-!^!10%&&'()-XXYY
YYYyY9M@310^!10%&&'()-^!10%&&'()-^!10%&&'()-^!10%&&'()-)?)-!^!10%&&'()-YYYY
'Y+Y-YyY9M@310^!10%&&'()-^!10%&&'()-^!10%&&'()-)?)-!)^!10%&&'()-^!10%&&'()-
-Y9YCYFYGYHY]YuZ9M@310
"10%&'()-^!10%&&'()-)?)-!)^!10%&&'()-^!10%&&'()-^!10%&&'()-]YY;
Z>ZFZGZKZ|`@M@310 (!10%2&&'()-(!10%2&&'()- &10%2&&'()-  l% 10%2&&'()- fl"
10%#&'()-- o"10%2&&'()-KZTZ^Z_ZqZZZcGM@310
(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-ZZZ
ZZZZ_5M@3)?)7!(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-Z
ZZZZZZd:M@3))?)7!(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-(!10%2&&'(
)-ZZZZZZZd:M@3))?)7!(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-(!10%2&
&'()-ZZZ[[[[d:M@3))?)7!(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-(!10
%2&&'()-[[["[*[-[.[d:M@3))?)7!(!10%2&&'()-(!10%2&&'()-(!10%2&&'()-(!10%2&&'
()-(!10%2&&'()-.[4[8[@[H[K[L[d:M@3))?)7!(!10%2&&'()-(!10%2&&'()-(!10%2&&'()
-(!10%2&&'()-(!10%2&&'()-L[R[V[^[f[k[l[d:M@3))?)7!(!10%2&&'()-(!10%2&&'()-(
!10%2&&'()-(!10%2&&'()-(!10%2&&'()-l[m[[[b\c\d\e\r\uh[:)
(10%9k&9&'()-102#102#%102# fF7 10%2#&'()-@ &2"10%2&&'()-
a2"10%f&'()-(!10%2&&'()-r\y\\\\\\bBh[:)
!10%9k&9&'()-!10%9k&9&'()-!10%9k&9&'()-!10%9k&9&'()- Y10%9k&9&'()-
S:10%9k&9&'()-\\\\\\\hHh[:)
!10%9k&9&'()-!10%9k&9&'()-!10%9k&9&'()-!10%9k&9&'()-!10%9k&9&'()-!10%9k&9&'
()-\\\\\\\uY9h[:)!10%9k&9&'()-!10%9k&9&'()-)?3A!(!10%9k&9&'()-!10%9k&9&'()-
!10%9k&9&'()-\]]]]]]uY9h[:)!10%9k&9&'()-!10%9k&9&'()-)?3A!(!10%9k&9&'()-!10
%9k&9&'()-!10%9k&9&'()-]!])],]-]3]7]uY9h[:)!10%9k&9&'()-!10%9k&9&'()-)?3A!(
!10%9k&9&'()-!10%9k&9&'()-!10%9k&9&'()-7]?]G]J]K]Q]U]uY9h[:)!10%9k&9&'()-!1
0%9k&9&'()-)?3A!(!10%9k&9&'()-!10%9k&9&'()-!10%9k&9&'()-U]]]e]h]i]o]s]uY9h[
:)!10%9k&9&'()-!10%9k&9&'()-)?3A!(!10%9k&9&'()-!10%9k&9&'()-!10%9k&9&'()-s]
{]]]]]]uY9h[:)!10%9k&9&'()-!10%9k&9&'()-)?3A!(!10%9k&9&'()-!10%9k&9&'()-!10
%9k&9&'()-]]]]]]]uZ9h[:)
3e10%&&'()-!10%9k&9&'()-)?3A!(!10%9k&9&'()-!10%9k&9&'()-!10%9k&9&'()-]]^'_/
_0_9_|`@h[:) !!10%&&'()-!!10%&&'()-  10%&&'()-  @#10%&'()- @@#10%&&'()-
@#10%9%9&'()-9_:_;_<_=_>_E_fFh[:)
!!10%&&'()-!!10%&&'()-)??!!!10%&&'()-!!10%&&'()-!!10%&&'()-E_M_U_^___`_i_uY
9h[:)!!10%&&'()-!!10%&&'()-)??!!!10%&&'()-!!10%&&'()-!!10%&&'()-i_s_}_____u
Y9h[:)!!10%&&'()-!!10%&&'()-)??!!!10%&&'()-!!10%&&'()-!!10%&&'()-_______yY9
h[:)!!10%&&'()-!!10%&&'()-)??!!!10%&&'()-!!10%&&'()-!!10%&&'()-_______uY9h[
:)!!10%&&'()-!!10%&&'()-)??!!!10%&&'()-!!10%&&'()-!!10%&&'()-_____``uY9h[:)
!!10%&&'()-!!10%&&'()-)??!!!10%&&'()-!!10%&&'()-!!10%&&'()-``````E`uZ9h[:)
`*S#10%4!4&'()-
!!10%&&'()-)??!!!10%&&'()-!!10%&&'()-!!10%&&'()-E`aaaaaabbbvU4
yG10%8%&'()-( ,10%8%&'()- '10%8%&'()- 10&10&10& (|`*S#10%&&'()-
,}`*S#10%&&'()- b6bbb9ccc|[:vU4  Ym"10%8%&'()- Ys!10%8%&'()- Y!10%8%&'()-
FF"10%8%&'()-  3 `10%8%&'()- 



3 10%8%&'()-c@ddd"eree|[:vU4  l&$10%8%&'()- Y !10%8%&'()- Y10%8%&'()-
Y!10%8%&'()- F `10%8%&'()- Y  10%8%&'()-efZffffWg|[:vU4  3`!10%8%&'()- Y
010%8%&'()- l-10%8%&'()- l*!10%8%&'()- F (10%8%&'()-
l@&:10%8%&'()-WgogpgqgrgggggvU4 3 &10%m%m&'()-  ,10%m%m&'()-4 f@10%m%m&'()-
'10%m%m&'()- 108%108%108% ,510%8%&'()- g+h^hhhFii|[:vU4  lm10%m%m&'()-
l10%m%m&'()- Yf 10%m%m&'()- Y 9Z10%m%m&'()- F:10%m%m&'()- 3
-10%m%m&'()-iiij;j||[:vU4  lm10%m%m&'()- l10%m%m&'()- YL-  10%m%m&'()-
*10%m%m&'()-  Y&s10%m%m&'()-  `$10%m%m&'()- Normal" "Heading 13]c" "Heading
23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
FontL!(t07?FNTdY^qd;glnprtvxz|~ ;S8Yc;jFGHIJKLQM
"'$#&*,/36:=oBD(HIsKN$QRSS1TNTkTTTTTTU2VYVvVVVVV
WXCXXXXXXY-Y]YKZZZZZ[.[L[l[r\\\\]7]U]s]]]9_E_i____`E`bceWggi;
jMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times New
RomanArialCourier New"h Root EntryWordDocumentY
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


