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MULTI-PURPOSE STRUCTURAL COMPONENT 

Technical Field 

5 This invention relates to prefabricated structural components adapted to 

be assembled to form various demountable building and other structures. 

Background Art 

IO Toy construction kits are known wherein a plurality of identical 

components are provided adapted to be assembled together in a variety of ways 

to form models of a great variety of different articles and structures. Usually the 

individua] components are adapted to be held together by inter-engaging 

formations providing some frictional restraint on disengagement. Alternatively 

15 specific coupling pieces adapted to be similarly engaged with two or more basic 

components may be provided. In some instances the structural integrity of the 

finished model depends upon the simultaneous inter-engagement of more than 

two components. 

20 The present invention is not concerned with the assembly of model 

structures but rather with the assembly of full scale, load bearing, skeletal 

frameworks of buildings and engineering structures generally. 

Therefore, possibly more relevant prior art is the well-known 

25 demountable scaffolding used for temporary ancillary structures at building 

construction sites. Such scaffolding comprises a multiplicity of basic tubular 

members and many and varied coupling elements for fastening the basic 

members together. Typically the coupling elements comprise clamps, pins 

extending through clearance holes in the members and temporarily held in place 

30 by cross-cotter pins, U-shaped straps on the members adapted to be aligned to 

receive wedges and other quick release, fastening devices. The coupling 

•. 
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bottom side of the wafer exceeds acceptable levels, then the yield rate may be decreased 

significantly. 

Figure lB is an enlarged view of nozzle I 6 shown in Figure lA. As shown in 

Figure lB, nozzle 16 includes a base portion I6a from which a pair of generally elbow-

s shaped outlets 16b extend. The upright sections of outlets 16b are angled slightly 

inwardly, i.e., slightly toward base portion 16a. Below base portion l 6a, threaded 

portion 16c and connector portion l 6d are provided. Threaded portion l 6c is screwed 

into a fixture disposed below the bottom ofbowl 12 (see Figure IA) to hold nozzle 16 

in place. One end of liquid supply tube 20 (see Figure lA) is coupled to comiector 

10 portion 16d. 

·As shown in Figure IA, 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 I6 is directed toward the peripheral portion of the bottom side lOb 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 all. Furthennore, 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 IA, 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. 
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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 

5 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 
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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 inventio11; a spin, rins~ and dry 

(SRD) station for spin rinsing a semiconductor wafer is provided. The SRD station 

S 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 inventio11; 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 
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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 

5 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 no.zzJe 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 lA and lB. 

25 It is to be understood that the foregoing general description and the following 

detailed description are exemplary and explanatmy 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. 
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Figure lA is a simplified schematic cross.section illustrating the conventional 

technique used to spray deionized (DI) water on the bottom side of a wafer in a spin, 

rinse, and dry (SRD) station. 

Figure lB is an enlarged, detailed view of noz.zle 16 shown in Figme IA. 

5 Figure 2 shows a simplified side view of an SRD station including an adjustable 

noz.zle 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 7 A 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 

perfonned in spin rinsing a bottom side of a semiconductor wafer iii 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 lA and l B 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 dzy 

(SRD) station in which the adjustable nozzle assembly is used to spray the bottom side 
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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 I 02b 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 108. Each of spindle fingers 108 

is mounted on spindle arm 110, which in tum is mounted on shaft 112. As is well 

kn.own 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 ofbottom 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. Ir'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 I 02. Adjustable nozzle 
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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 

5 nozzle. 

Figure 4 is a top view of bowl 102 shown in Figure 2. As shown in Figure 4, 

four rollers 104, each of which is mounted on one of spindle fingers 108, support 

substantialJy transparent wafer 106 above spindle ann 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 of1he bottom side of the wafer. If the nozzle is not properly oriented, then the 

necessary adjustments can be made using substantially transparent wafer I 06 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 adjlJStable nozzle 

15 assembly 116 will be intennittently blocked by spindle arm 110 as it rotates within 

bowl 102. At the high rotational speeds, e.g., about 100 Ipm-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 5 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 I 02a, which 

25 is generally cylindrical, is provided with channel 126 that collects runoff water in an 

SRD station. Bowl 102 may be made of atiy 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 
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opening tberethrough. 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 com?lementary 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 1°28. 

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 ofbottom wall 102b. If desired, one of nuts 122a and 122b may be 

integral with connector tube 128. In one embodiment of the inventio~ 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 ofbottom 

wall I 02b, nut 122b is threaded onto connector tube until it engages the bottom surface 

of bottom wall l 02b. 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 jhe 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, e, of about 54.5 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 ofliquid 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 128. DI water then flows out of connector tube 128 through channel 

134a of nozzle 134. 
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• 
Figures 7 A and 7B show side views of two alternative nozzle configurations. 

As shown in Figure 7 A, nozzle 134' is fonned 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 l 34'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 configuratio~ 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 vi~ of the nozzle configurations shown in Figures 6, 7 A, 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 

Figure8A. 

Figure SB 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 142, which preferably 

has a generally frustoconical shape, is positioned proximate to top surface 138. The 

size of sealing member 142 is selected so that the outer tapered surface of member 142 

rests finnly against tapered surface 140 of connector cap 132a. In addition, the 

25 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 :frustoconical 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 
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diameter of connector tube 128. With this configuration, sealing member 144 rests 

:tinnly 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 embodinlent, 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 120 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 ofliquid supply 

tube 120 and the narrower openings of the sealing members. In one embodiment, liquid 

30 supply tube may be 1/4-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. 
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Figure 9 shows a flowchart diagram 200 illustrating the method operations 

perfonned 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 ann, as illustrated in Figures 2 

and 3. In operation 206 liqui~ e.g., DI water, is sprayed toward the bottom side of the 

substantially transparent wafer. fu 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 detennine where the liquid contacts the bottom side of the wafer simply by 

looking through the wafer from above. AB 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 th.en 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 hand, if the liquid contacts a peripheral 

portion of the wafer, then positional adjustments are necessacy 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 SB, 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 l 34c. More particularly, when 
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the adjustable nozzle assembly is mo1Ulted 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 

5 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 confinn 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 th.at 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 
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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 substantiaUy transparent 

substrate may be more appropriate. 

S 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 lA and lB. 

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 tenns 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. 

Wit.at is claimed is: 
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CLAIMS 

1. A nozzle assembly, comprising: 

a connector tube having a first end and a second end, an outer surface of said 

connector tube being threaded; 

S a first cap having an opening therethrough, said first cap having a top surface and a 

threaded inner surface, and said first cap being threaded onto said first end of said 

connector tube; 

a second cap having an opening therethrough, said second cap having a top surface 

and a threaded imJ.er surface, said second comJ.ector cap being threaded onto said second 

10 ·end of said connector tube; and 

a nozzle having a tubular portion de.fining a channel, said tubular portion being 

disposed in said opening of said first connector cap so that a position of said nozzle can be 

axially and rotationally adjusted. 

2. The nozzle assembly of claim 1, :further comprising: 

15 first and second nuts disposed on the connector tube. 

3. The nozzle assembly of claim 2, wherein one of the first and second nuts is 

integral with the connector tube. 

4. The nozzle assembly of claim 1, wherein the threaded inner surfaces of the 

first and second connector caps have a first diameter, openings in the top surfaces of the 

20 first and second connector caps have a second diameter, the second diameter being· smaller 

than the first diameter, and 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. 

5. The nozzle assembly of claim 1, wherein the nozzle further comprises a 

25 head portion having a channel defined therein. 

6. The nozzle assembly of claim S, wherein the channel defined in the head 

portion of the nozzle is 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. 

7. The nozzle assembly of claim 1, wherein first sealing members are 

30 provided proximate to the top surfaces of the first and second connector caps, and second 
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seaJing members are provided proximate to the first and second ends of the connector 

tube. 

8. The nozzle assembly of claim 7, wherein the first sealing members are split 

ring seals and the second sealing members are bulkhead fitting seals. 

9. A spin, rinse, and dry station for spin rinsing a semiconductor wafer, 

comprising: 

a bowl having a bottom wall and a sidewall; 

a rotational member disposed in said bowl, said rotational member being attached 

to a rotatable shaft; 

I 0 a plurality of support members attached to said rotational member, said support 

members being configured to support a semiconductor wafer above said rotational 

member; 

a motor for rotating said rotatable shaft; and 

an adjustable nozzle assembly mounted in said bowl, said adjustable nozzle 

15 assembly 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. 

10. The spin, rinse, and dry station of claim 9, wherein the adjustable nozzle 

assembly is disposed in an opening in the bottom wall of the bowl. 

11. The spin, rinse, and chy station of claiin I 0, wherein the adjustable nozzle 

20 assembly comprises: 

a connector tube having a first end and a second end, an outer surface of said 

connector tube being threaded; 

a first cap having an opening therethrough, said first cap having a top surface and a 

threaded inner surface, and said first cap being threaded onto said first end of said 

25 connector tube; 

a second cap having an opening therethrough, said second cap having a top surface 

and a threaded inner surface, said second connector cap being threaded onto said second 

end of said connector tube; and 

a nozzle having a tubular portion defining a channel, said tubular portion bemg 

30 disposed in said opening of said first connector cap so that a position of said nozzle can be 

vertically and rotationally adjusted. 
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12. · The spin, rinse, and dry station of claim 9, wherein the adjustable nozzle 

assembly is disposed in an opening in the sidewall of the bowl. 

13. The spin, rinse, and dry station of claim 12, wherein the adjustable nozzle 

assembly comprises: 

S a connector tube having a first end and a second end, an outer surface of said 

connector tube being threaded; 

a first cap having an opening therethrough, said first cap having a top surface and a 

threaded inner smface, and said first cap being threaded onto said first end of said 

connector tube; 

10 a second cap having an opening therethrough, said second cap having a top surface 

and a t1ireaded inner surface, said second connector cap being threaded onto said second 

end of said connector tu.be; and 

a nozzle having a tubular portion defining a channel, said tubular portion being 

disposed in said opening of said first connector cap so that a position of said nozzle can be 

1 S horizontally and rotationally adjusted. 

14. The spin, rinse, and dry station of claim 11, wherein the adjustable nozzle 

assembly further comprises first and second nuts disposed on the connector tube, said first 

and second nuts securing the connector tube to the bottom wall ,of the bowl. 

15. The spin, rinse, and dry station of claim 14, wherein a liquid supply tube is 

20 disposed in the opening of the second connector cap, said liquid supply tube being coupled to 

a source of deionized water. 

16. The spin, rinse, and dry station of claim 13, wherein the adjustable nozzle 

assembly further comprises first and second nuts disposed on the connector tube,. said first 

and second nuts securing the connector tube to the sidewall of the bowl. 

25 17. The spin, rinse, and dry station of claim 16, wherein a liquid supply tube is 

disposed in the opening of the second connector cap, said liquid supply tube being coupled 

to a source of deionized water. 

18. A method for spin rinsing a bottom side of a semiconductor wafer, 

comprising: 

30 providing a. bowl having an adjustable nozzle for spraying liquid toward a bottom 

side of a semiconductor wafer disposed in said bowl; and 
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spraying liquid from said adjustable nozzle onto a ceni~ of said bottom side of 

said semiconductor wafer. 

19. The method of claim 18, wherein before the operation of spraying liquid 

from the adjustable nozzle, the method further comprises: 

5 orienting the adjustable nozzle such that liquid sprayed from the adjustable nozzle 

is directed toward the center of the bottom side of the semiconductor wafer. 

20. The method of claim 19, wherein the operation of orienting the adjustable 

nozzle comprises: 

(a) orienting the adjustable nozzle such that the adjustable nozzle is pointed toward 

l 0 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 said 

substantially transparent substrate; 

15 (d) observing where the liquid contacts the bottom side of said 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 

20 substantially transparent wafer . 
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