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IMPROVED YIELD AND LINE WIDTH PERFORMANCE 

FOR LIQUID POLYMERS AND OTHER MATERIALS 

1. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates generally to the field of microelectronic 

fabrication. More.particularly, the invention relates to improving the yield and 

line width performance of liquid polymers. 

2. Discussion of the Related Art 

10 Lithography process is one of the major drivers of semiconductor 

industry in its relentless progress in achieving smaller feature sizes with 

improved yields. More specifically, improved critical dimension (CD) control .· 

and reduced process-induced defect and particle counts need to be satisfied 

simultaneously. 

1 S The develop fluid module process plays a significant role in the 

patterning of increasingly smaller line widths. Regions of high and low 

dissolution rates are created on the resist film as a result of the sequence of 

photolithography process steps preceding the develop process. During a 

develop process, images transferred to the resists film are developed into three 

20 dimensional structures by a wet process. The subsequent etch process (mostly 

dry) transfers this image onto the substrate (Si, SiQi, poly Si, etc.). 

There are many variations of a good develop process. In general, a 

typical develop process has two main parts. In the first part, developer fluid is 

dispensed over a wafer spinning at a low rpm followed by a static puddle 

25 formation and a long static or oscillating step at which regions of high 

dissolution rate are etched away, creating 3-dimensional images on the film. 

Quality of patterned images, value of side wall angles and CD control, are all 

strongly affected by the first part of the develop process. The chemical wet 

etch step is immediately followed by a deionized (DI) water rinse step whose 
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main function is to wash away dissolved resist and developer fluid mixture with 

minimum particle and defect count on the p~ed wafer. Naturally, the rinse 

step is extremely crucial in improving yield of a lithography process. 

Heretofore, the requirements of improved critical dimension control, 

5 reduced process-induced defect counts and reduced process-induced particle 

counts referred to above have not b~ fully met. What is needed is a solution 

that simultaneously addresses all of these requirements. 

SUMMARY OF THE INVENTION 

A primary goal of the invention is to improve yield. Ariother primary 

10 goal of the invention is improved CD control capability. This invention provides 

a solution for both of these problems in the developer fluid module of a wafer 

track tool. 

A first aspect of the invention iS implemented in an enibodiment that is 

based on a method for minimizing precipitation of developing reactant by 

15 lowering a sudden change in pH, said method comprising: developing at least a 

portion of a polymer layer on a substrate with a charge of developer fluid; then.· 

pennitting at least a portion of said ·charge of developer fluid to dwell on said 

polymer so as to controllably minllniZe a subsequent sudden change in pH; and 

then rinsing said•polymer with a charge of another fluid. A second aspect of the 

20 invention is implemented in an embodiment that is ~ased on a method for 

minimizing precipitation of developing reactant by lowering a sudden change in 

pH, said method comprising: developing at least ·a portion of a polymer layer on 

a substrate with an initial charge of a developer fluid; then riDsing said polymer 

with an additional charge of said develOper flwd so as to controllably minimize 

25 a subsequent sUdden change in pH; and then rinsing said pol}'mer with a charge 

of another fluid A thiid aspect of the invention is iinplemented in an 

embodiment that is based on a method for minimizfug precipitation of 

developing reactant by lowering a sudden change in pH, said method 

comprising: developing at least a portion of a polymer layer on a substrate with 

30 a charge of developer fluid; then contacting said substrate With a charge of 

buffer, thereby mixing at least a portion of said developer fluid with at least a 
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portion of said cfuirg·e of buffer, so as to controllably minimize a subsequent 

sudden change in pH; and then rinsing said polymer with. a charge of another 

fluid. 

A fourth aspect of the invention is implemented in an embodiment that 

5 is based on an apparatus for minimizing fluid impingement force on a polymer 

layer to be developed on a substrate, thereby improving yield and line width 

control performance, said apparatus eomprising: a nozzle including: a manifold 

adapted to supply a fluid; a plurality of fluid conduits coupled to said manifold; 

and a plurality of tubular inserts located within said plurality of fluid conduits. 

10 A fifth aspect of the invention is implemented in an embodiment that is based 

on an apparatus for minimizing fluid impingement force on a polymer layer to 

be developed on a substrate, thereby improving yield and line width control 

performance, said apparatus comprising: a nozzle including: a developer 

manifold adapted to supply a developer fluid; a plurality of developer fluid 

15 orifices coupled to said developer manifold; a rinse manifold adapted to supply 

a rinse fluid; ·and a plurality of rinse fluid orifices coupled to said developer 

manifold, wherein said developer manifold and said rinse manifold are 

staggered to reduce an exterior width of said nozzle. A siXth aspect of the 

invention is implemented in an embodiment that is based on an apparatus for 

20 minimizing fluid impingement force on a polymer fayer to be developed on a 

substrate, thereby improving yield and line width control performance, said 

apparatus comprising: a nozzle including: a developer manifold adapted to 

supply a developer fluid; a plurality of developer fluid orifices coupled to said 

developer manifold; a rinse manifold adapted to supply a rinse fluid; a plurality 

25 of rinse fluid orifices coupled to said rinse manifold, and said plurality of rinse 

fluid orifices arranged to define at least one rinse fluid axis, wherein said nozzle 

is connected to a bracket adapted to raise and lower said nozzle with regard to 

said substrate and reposition said at least one rinse axis so as to be substantially 

coplanar with a normal to a center of said substrate. 

30 These, and other, goals and aspects of the invention will be better 

appreciated and understood when considered in conjunction with the following 
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description and th~ accompanying drawings, It should be understood, however, 

that the following description, whileindicating preferred embodiments of the 

invention and numerous specific details thereof, is given by way of illustration 

and not oflimitati<:>n. Many changes and modifications may be made within the 

5 scope of the mvention without departing from the spirit there()f, and the 

invention, includes all such modifications. 

B~ DESCRIPTION OF THE DRAWINGS 

A clear con~eption .of the advantages and features constituting the 

invention, and of~ components and operation of model systems provided with 

10 the: invention, wiH 1>ecome more readily apparent by referring to the exemplary, 

and therefore nonliiniting, embofliments illustrated:in the drawings 

accompanying and forming a part of this specification, wherein like reference 

characters (if th~)' occur in more .than one view) designate the same parts. It 

should be noted tha,tthe features illustrat~ in the drawings are not necessarily ·· 

15 drawn to scale .. · 

Fig., 1 illustrates a bottom perspective view of a multiport nozzle, 

representi~g an e;m)lodim~IIl of the invention. 

Fig. 2 illustrates a top perspective view ~fa multiport nozzle, 

· · representing an embodiment of the invention. 

20 Fig. 3 illUf;trates a sectional view of the multiport nozzle shown in Fig. 

2. 

Fig. 4 illustrates a top view of a multiport nozzle, representing an 
embodiment of the invention. 

Fig. 5 ill~ates an end view of the multiport nozzle shown in Fig. 4. 

25 Fig. 6 illusµ"ates a sectional view of the multiport nozzle show in Fig. 4 

taken along seC?Uon line A-A. 

Fig. 7 illustrates a bottom view of the multiport nozzle shown in Fig. 4. 

Fig. 8 illustrates a top perspective view of the multiport nozzle shown in 

Fig.4. 

30 Fig. 9 illustrates a sectional view of the multiport nozzle shown in Fig. 4 

taken along section line B-B. 
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Fig. 10 illustrates a sectional view of the multiport nozzle shown in Fig. 

4 taken along section line C-C. 

Fig. 11 illustrates a sectional view of the multiport nozzle shown in Fig. 

4 taken along section line D-D. 

Fig. 12A illustrates an end view of a nozzle insert, representing an 

embodiment of the invention. 

Fig. 12B illustrates a sectional view of the nozzle insert shown in Fig. 

12A taken along section line F-F. 

Fig. l3A illustrates an end view of a nozzle insert, representing an 

10 embodiment of the invention. 

Fig. 13B illustrates a sectional view of the nozzle insert shown in Fig. 

13A, taken along section line E-E. 

Fig. 14 illustrates a perspective sectional view of the multiport nozzle 

shown in Fig. 4, taken along section line A-A. 

15 · Fig. 15 illustrates develop rate as a function of the distance from ·the 

center of the substrate for a developer axis offset of Omm, representing an 

embodiment of the invention. 

Fig. 16 illustrates develop rate as a. function of the distance from the 

center of the substrate for a developer axis offset of Smm, representing an 

20 embodimentofthe invention. 

Fig. 17 illustrates develop rate as a function of the distance from the 

center of the substrate for a developer axis offset of lOmm, representing an 

embodiment of the invention. 

Fig. 18 illustrates develop rate as a function of the distance from the 

25 center of the substrate for a developer axis offset of 20mm, representing an 

embodiment of the invention. 

· Figs. 19A-l 9D illustrate develop rate as a function of spatial position on 

the ·substrate for a developer axis offset of Omm, representing an embodiment of 

the invention. 



W000/16163 PCT/US99/20ll5 

6 

Figs. 20A-20D illustrate develop rate as a function of spatial position on 

the substrate for a developer axis offset of 5mm, representing an embodiment of 

the invention. 

Figs. 21A-21D illustrate develop rate as a fQnction of spatial position on 

5 the substrate for a developer axis offset of lOmm, representing an embodiment 

of the invention. 

10 

Figs~ 22A-22D illustrate develop ],"ate as a function of spatial position on 

the substrate for a developer axis offset of 20mm, representing an embodiment 

of the 4tventiQ11. 

DESC~TION OF PapERRED EMBODIMENTS 

The invention and the various features and 84vantageous. details thereof 

are explained :m,9re fully with reference to the nonlhniting .embodiments that are 

illustrated in the accompanying dr~wil)gs and <lcrtailec:I in the following 

15 .description of pre~d.embodiments., Pescriptions of well known components 

and processing techniques are omitted so as Jl.Ot to unp.ecessarily obscure the 

invention in.detail. 

The cont,ext of the invention includes photolithography processing of 

micro structures (e.g., microelectronic s~ctures). These structures are 

20 typically etched and the polymers of interest function ~s masks to shield 

portions of the structures that are to remain at lei!S~ largely unaffected by the 

etchant. The polymers that are being developed can be negative and/or positive 

photoresists. The invention can also utilize data processing methods that 

transform sigJlals that characterize the state of the polymer processing so as to 

25 actuate intercoI111ected discrete hardware elements;for example, to reposition. 

the nozzle or change the spin rate. 

The invention includes reducing defectdensity during the develop 

process of a liquid polymer used in a photo~ithography step by employing a new 

multiport delivery apparatus (nozzle). An important aspect of the multiport 

30 delivery apparatUs is reducing droplet impact. This delivery system resides in a 

developer fluid modul!=l in which unifonn laminar air flow :field exists as a 
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prerequisite. This apparatus allows significant reduction of the defect density 

due to its superior rinsing action. In addition, this multiport nozzle system 

allows two different developer fluid chemistries (in addition to a rinse 

chemistry) to be supported without any cross contamination. This delivery 

5 system for both developer fluid and deionized water reduces the impact force of 

the liquid(s) thus preventing pattern collapse which is a significant yield 

management problem for small feature sizes. 

The invention can be part of a developer fluid module of a wafer track 

tool. In this application, the invention can be classified as involving 1) 

10 multiport nozzle system which supports the dispense of two different developer 

fluid fluids without any cross-talk, 2) a second multiport nozzle system of same 

or similar geometry which is used for the dispense of the deionized water during 

the rinse step, 3) implementing either parts 1) or 2) to support dual chemistry 

developer fluid as well as low impingement requirement throughout the develop 

15 process. The invention includes reducing the critical dimension (CD) variation 

contribution of the developer fluid module by distributing the developer fluid 

·over the exposed wafer unifonnly. This improves the overall ·CD control 

capability of a wafer track system when it includes such an apparatus in its 

developer fluid module. The track system can be coupled to a stepper. The 

20 tenn coupled, as used herein, is defined as connected, although not necessarily 

directly, and not necessarily mechanically. 

The invention includes helping prevent collapse of developed resist 

structure or structures and it includes reducing a sudden change in pH. The 

tenn sudden, as used herein to characterize a change in pH, is defined as a 

25 change in pH with respect to time that includes two inflection points separated 

by a period of time ofless than approximately 1 second, preferably less than 

approximately 0.1 second, and more preferably Jess than approximately 0.01 

seconds. Such a nearly congruent occurrence of two inflection points can be 

tenned a step function. 

30 This invention includes many designs for a multi-port nozzle that can be 

used to deliver both developer fluid and deionized water over a polymer layer to 
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be developed on a substra:te. The nozzle provides a geometry of outlets that are 

arranged to provi~e an optinull spatial liquid flow rate while minimizing 

dripping. The iµvention includes helping to prevent collapse of developed resist 

structure or stnJ,ctwes by reducing impact force of the liquid on the film. The 

5 invention includes providing a multi.port nozzle with a nozzle insert in at least 

one of the ports, The inserts can be made of a material that has a low 

coefficient of friction (either static or dynamic) with respect to the working fluid 

of the nozzle. 

The invention includes extending th.e inserts beyond the material in 

10 which they are loca:ted. This extension can be internal, whereby the inserts 

extend into the input manifold. The extensions can be. external; whereby the 

inserts extend beyond the bottom of the body of the nozzle. 

An advantage of.extending the inserts is to permit the internal manifold 

to function as ~1 air equalized reservoir; thereby affecting ~ equalization of 

15 . static pressure with respect to the ports. An advantage of extending the inserts.· 

externally is to prevent accumulation of residual working fluid on the bottom 

.. surface of the body of the nozzle, notwithstanding any operational attempts to 

. mitigate such residual accumulation by reversing the working fluid pressure to · 

achieve suck-back. 

20 The invention include~ staggering the· working fluid ma.Di.folds. By 

staggering the working fluid manifolds, the principle axes of the mBn.ifolds can 

be brought closer together than would otherwise be permitted by a non­

staggered, non-intersecting configuration of the inner section of radial bores. 

An advantage of staggering the manifolds is that the overall width of the 

25 multiport nozzle ~ecomes narrower. Staggering the manifolds is useful even if 

there are only t\\'O manifolds, .especially where the volume defined by.the extent 

of the manifold is increased due to the functional requirements of static pressure 

equalization among the ports. 

The invention includes a single nozzle heac:J that dispenses two develop 

30 fluids having distinct chemistries~ and one rinsing dei()nized water (DI) 

chemistry through rows of holes that are strategically placed so that all 
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dispensing can be done with one head position. This allows use of a rotary 

cylinder actuator for head motion from a drain location to a single dispense 

location. No servo positioning control is required. The DI row of holes is 

centered for rinse of the entire wafer. The developer chemistry rows are 

5 preferably placed 5 mm offset because process data discussed below in more 

de1ail indicates that a 5 mm develop chemistry offset actually improves process 

results. The dispense holes can have pressed in tubes with small radius ends. 

There are at least two qualities of these tubes that provide benefits. First, small 

radius ends provide no surface that would allow liquid to cling. Any liquid 

10 clinging at this bottom surface can cause dispensing streams to be pulled off 

center. Also, liquid on the bottom, horizontal surface can cause two streams to 

join into one larger stream. This is especially problematic when it is critical that 

there is no contamination between the different chemistries on the head. 

Second, forming the tips to be radial edges or ends, as with pressed in tubes, 

15 allows a very smooth inner surface and eliminates aberrations that cause'fluid 

clinging. Miniscule surface aberrations can cause streams to be misdirected. 

Rough surfaces cause uncontrolled liquid clinging which can lead to chemistry 

drying and contamination. The chance of sucking back a bubble is decreased 

since liquid-air interface shape is well controlled. The "plenum" bore positions 

20 ·are staggered to allow 5 mm offset of developer to be maintained and allow 

three chemistry rows on a 1.5" wide head. All holes are strategically placed so 

that the dispense head is one piece. 

25 

Fig. 1 illustrates an embodiment of a multipart nozzle 100 for dispensing 

a single chemistry fluid. The nozzle 100 may have a maximum width 

measured from a front face 105 to a back fa.Ce equal to the radius of the wafer 

receiving the fluid. The nozzle 100 includes a main arm 110 having a plurality 

of conduits aligned along a vertical axis with respect to a bottom face 115 of the 

nozzle 100. An inlet manifold 130 receives an intake fluid, and the fluid is then 

distributed through the nozzle and onto a rotating wafer via a plurality of outlets 

30 101. In this embodiment, the outlets 101 are shown to align linearly across the 

width of the main arm 110. The width of the nozzle 100 allows the dispensed 

I 
I 
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fluid to cover the whole wafer in one full rotation of the wafer. As such; the 

nozzle 100 provides a uniform and fast distribution of.the fluid, which for 

developing fluid applications. is a.cruci~ requirement for improved CD control. 

. Fig. 2 shows another en1bodiment of the present invention where a 

5 multipart nozzle 200 includes an intake 1Danifold 2~0 for receiving either one 

fluid or two fluids having distiµct cheniistries. The fluid from the inlet manifold 

may be distributed between a first arm 2.10 and a second arm 220. Each arm 

210, 220 may have distinct or identical arrangement of outlets 301 (sh()Wll in 

Fig. 3) depending on the applic!ltion of the nozzle 200. The nozzle 200 may also 

10 have a width between a front face 205 ~d a back face equal to the diameter of 

the wafer, thereby allowing the dispensed fluid to cover the whole wafer in one 

full rotation of the wafer 

20 

Fig. 3 is a cro~sectional view of :the nozzle 200, showing the inlet 

manifold 230 being divided to .preferably receive two fluids having distinct 

chemistries, such as developing fluid ~d· deionized water. A partition 335 

. divides the fluid streams in the.inlet manifold 230. Fig. 2 shows the inlet 

.. manifold.230 guiding one fluid stream into a first inlet channel 340. The first 

inlet channel 340 includes a bend 342 .t)lat merges with a conduit 345 in the fll'st · 

arm 210. The manifold guides ano'tlJ:edl~d stream ~nto a second inlet channel 

360. The second inlet channel ~6P ~nch1des a bend ~~2 that merges with a 

second tubular insert 365 in the second arm 220. Preferably, the outlets 301 on 

a bottom face 380 of the nozzle 200 are aligned lineady across the width of the 

nozzle 200, although alternative. arrangeI]lents are possible and .will be further 

described. The co~guration of tJie nozzle 200 accommodates the use of two 

25 different developer fluid chemistries witJt temperature control without any cross 

contamination during dispensing; The ~ozzle 200 may be adapted to allow for 

deionized water dispensing, with or separately from ~eveloping fluid 

dispensing. However, the nozzle 200 of or a similar variation thereto, may also 

be integrated into a. single or dual che~ version of.the developer fluid. 

30 Another important feature of this invention i~ that the impingement force 

of this nozzle is significantly red11ced as compared to a single hole nozzle due to 

.•.. 
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its multi-port natUre~ The reduced impact force is important for smaller CD 

sizes that tend to have high aspect ratios. This make8 them vulnerable to pattern 

collapse due to impact of the fluid. Embodiments of this invention reduce 

impact forces for the developer fluids and the deionized water. This as such, the 

5 impingement forces throughout the develop process, may be minimized th.us 

ensuring a reliable method of patterning smaller feature sizes with higher yield 

than that provided by the know art. Another significant advantage of the 

multiport nozzle for use with both developer fluid and deionized water is that it 

increases process latitude. In addition, the improved liquid delivery and 

I 0 distribution capability of the multiport nozzle ensures better overall process 

compliance for mechanical process variables such as spin speed and fluid 

dispensing rate. Therefore, another added advantage provided by this invention 

is the potential to reduce the total develop process time while maintaining CD 

control· as well as good defect and particle performance. 

15 Fig. 4 illustrates another embodiment of the invention in which a 

multiport nozzle 400 may dispense either one or two developing fluids, and/or 

deionized water. Preferably, the nozzle 400 dispenses tWo developing fluids 

and deionized water so that all dispensing may be accomplished by positioning 

the nozzle 400 in just one position. A head 420 ofthe nozzle 400 includes a top 

20 surface 425 having three inlets or inlet manifolds for receiving dispensing fluids 

and/or deionized water. In Fig. 4, one preferred arrangement provides for a first 

inlet 405 for a first developing fluid, a second inlet 410 for deionized Water, and 

a third inlet 415 for a second developing fluid. Preferably, two or more of the 

inlets are staggered with respect to the top surface 425 to conserve space and 

25 reduce the overall~ of the nozzle 400. In Fig. 4, the frrst inlet 405 may be 

staggered from the third inlet 4 is, with the second inlet centrally located and/or 

offset between the first inlet 405 and the third inlet 415. Fig. S shows an end 

surface 520 of the head 420 with internal manifolds shown as bored chambers 

that correspond to the inlets. Preferably, the end surface 520 includes a first 

30 manifold SOS merged with the frrst inlet 405 for the first developing fluid, a 

second manifold 510 merged with the second inlet 410 for deionized water, and 
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a third manifold .515. merged .with the third inlet 415 for a second developing 

fluid. To further reduce the dimensioni;; of the nozzle, two or more of the 

manifolds may~ s~d \Vif:h respect to one another across the end surface. 

Preferably, the flISt manifold 5l0 is centrally located on the end face 520, with 

5 the second manifold 5~Q and tbird manifold 515 symmetrically distributed on 

either side of the first manifold SOS in t?iaQgular fashion. 

Fig. 6 is a crOS&-section cut along }ineA-A of Fig. 4, showing as an 

example the third manifold 515 tQ include a plurality of conduits 670 which 

bore vertically tbl'oµgh the bottom ¢~e 680 ,along a vertical axis. The 

IO structure of the third manifold SJS is preferably identical to the first and/or 

secondmanifol~ 505, 510 and.will be described in greater detail as a 

representation of the entire embo<iµnent. As exemplified for the third manifold 

515, each oftlie conduits 670 niar include a tubular insert 650 having an 

internal end 660 and an extern!¥ end 655. ~erably, the internal end 660 of 

15 each tubular insert 650 extend~ a height intel'nally into the third manifold 515. 
~ . . . . . .. . 

Fluid entering ~e third manifold 515 will 11ot drain .unless the level of the fluid 

compiled within the.third mm.ifold .S 1 S exc~s the height of the internal end 

660. As such, i:}ic;,;intemal.eJ]ds 660 maY define a reservoir having a depth 

· defined n-om th~ internal end 660 of the tubular insert 650 tQ a bottom manifold 

20 smface 665 . .IJ1 this manner, the height of the internal end 660 may also be used 

to maintain the. ~c pressure within the third maDifold 615 constant or equal 

with respect t<> th~ coqesponding fluid conduit 67Q. Likewise, the external ends 

655 of the insert tubes 650 may exten~ beyond the bottom surface 680 of the 

nozzle400. 

25 The tubular inserts 650 ,may be formed to provide a very smooth internal 

surface that minimizes or elhpinate surface flaws \Vhich may otherwise 

misdirect a stream of develop~ flµids or deioni~d water. The smooth surface 

1he tubular inserts 650 also avoid the sucking back ()f bubbles, since the liquid-

air interface within the tubular inse$ 650 may be controlled .. The tubular . . . . . 

30 inserts 650 also provide thin radial edges both inside the manifolds and outside 

of the no22le whi~h reduce the area of the tubular lnserts that may contact the 
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fluids passing through. This enables the nozzle 400 to avoid problems 
associated with fluid streams of developing fluids and/or deioni~d water that 
contact conduits, such as fluid clinging or other problems that cause streams to 
pull of center. In addition, the external ends 655 extend sufficiently beyond the 

5 nozzle 400 to avoid streams being pulled together on the bottom surface 680. 
Fig. 7 illustrates a preferred· arrangement of outlets on the bottom 

surface 680 of the nozzle 400. The outlets may be arranged linearly as shown, 
or staggered to conserve real estate. In an embodiment, a center row 705 of 
outlets·701 distributes deionized water so that the entire wafer being treated 

10 may be rinsed. A second and third row 710 and 715 of outlets 701 may be 
coupled to the second manifold 510 and the third manifold 515 respectively to 
dispense at least one, and preferably two, developing fluids. 

Fig. 8 illustrates a perspective view of the nozzle 400 incorporating 
staggered or offset inlets 405, 410, 415, The nozzle 400·may include pivotable 

JS · : mounting brackets 810 on a first longitudinal end 820 for securing the nozzle to 
an arm or stand above a wafer. The nozzle is also compact, with a preferred 
vertical height extending from the top surface 425 to the bottom surface 680 of·. 
l .S inches. The nozzle 400 may include pivotable mounting brackets 810 on·a · 
first longitudinal end 820 for securing the nozzle to an arm or stand above a 

20 wafer. The nozzle is also compact, with a preferred vertical height extending 
from the top surface 425 to the bottom surface 680 of l .S inches. 

Fig. 9 is a cross-section of the nozzle 400 taken along lines B-B of Fig. 
4. ·The nozzle 400 is shown in Fig. 9 to include the :first manifold SOS coupled 
to a :first plurality of tubular inserts 650a. Likewise, the second manifold 510 is 

25 coupled to a second plurality of tubular inserts 650b, aild the third manifold 515 
is coupled to a third plurality of tubular inserts 650c. Each of the first, second, 
and third tubular inserts 650a, 650b, 650c preferably extend inwards into the 
respective first, second, and third manifold 50S, 510, Sl5 so that the inward 
extensions 660a, 660b, 660c of each tubular inserts define a reservoir with the 

30 corresponding manifolds. The height of each reservoir within the manifolds 
505, 510, and 51S may be individually set by the length of the respective inward 
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extensions 660 a, 660b, 660c, as described in Fig. 12 & 13 and the 

accompanying t~ 

PCT/US99/20115 

Fig. 10 is a cross~section of the nozzle 400 nµcen along lines B-B of Fig. 

4. As shown by Fi~. 10, each inlet may be coupled to a manifold using one or 

5 . more chambers associated with or fanning a part of th~ manifold. In particular, 

Fig. 10 shows the first fulet 405 is coupled to the first manifold 505 with a first 

inlet chamber 1005, and the third inlet is coupled to the third manifold 515 with 

a third inlet chani~er 1015. Fig. 11 is a cross-section of the nozzle 400 taken 

along l~es B-B of Fig. 4. As with the other inlets and manifolds, Fig. 11 shows 

10 the second inlet 410 may couple to the second manifold 510 with a second inlet 

chamber 111 O~ · In other embodiments, ad~tional inlets may couple to 

corresponding manifolds using similar configurations, including chambers. 

Figs. 10 and 11 al~ provide another perspective of $e tubular inserts 650a, 

6.SOb, 650 extending from the bottom surface680.ofthe nozzle 400 to avoid· 

·. 15 .combining streams stemming from different manifolds, 

Figs; 12A~d 128 illUstrate one embodiment for a tubular inserts 650 

foruse with this ~vention. As shown by Fig .• l2A, the tubular .inserts may 

include a round cross..;sectioµ 121 O. However, .other embodiments ()f the 

invention may use non-circular cro~sections, inclUding square or polygonal 

20 geometries. ~ height of the tubular insert 650 may be set by either the 

vertical position of the manifold that retains tlie tubular insert, or the .desired 

depth of the reservoir defined by the internal end ~60 of the tubular insert. Fig. 

12A shows the tµbular insert 650 having a shorter height for manifolds that are 

closer the bottmµ i;urface 6.80, such as the first manifold 505 or the third 

25 manifold 515. Alternatively, the tubular insert of Fig. 12A may be used to 

define a shallow reservoir within the second manifold 510. 

Figs. 13A ·and 138 illustrate another embodiment for tubular inserts. As 

with the previous embodiment, the tubular insert of Fig. 13A includes a,rounded 

cross-section. Th~ longer length of,the tubular insert shown in Fig. 13B is 

30 preferred for a manifold ~t is distanced from the \>ottom surface 680 with 

respect to the other manifolds. As such, the tubular insert 650 of Fig .. 13A is 
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preferred for the second manifold S 10. The tubular insert of Fig. 13B may also 

be used to create a deeper reservoir within the first manifold 505 or the third 

manifold 515. For an optimal nozzle having a depth of 1.5 inches, the tubular 

insert 650 may range between 0.352 inches ·and 0.665 inches, as shown by Figs. 

5 · 128 and 13B. 

Fig. 14 is a perspective cross-section of the nozzle 400. The first inlet 

405 and the second inlet 410 are shown in an off-center or staggered 

arrangement on the top surface 425 of the nozzle 400. The end face 520 

includes the first manifold 505 and the second manifold 510. The second 

10 manifold 510-may,· for t4is embodiment, be viewed as exemplary for other 

manifolds in this embodiment, and will be described in greater detail. The 

second manifold 510 includes an enlarged chamber 1410. The enlarged 

chamber 1410 merges with a bored segment 1420 fanning the remainder of the 

second manifold 510. The second inlet chamber I 010 couples second inlet 410 

15 with the second manifold 510 .. The tubular inserts 650b extend through the 

conduits 670 so that the exterior end 655 extends beyond the bottom surface 

680. Similarly, the interior end 660 forms a height 1430 over the second 

manifold bottom surface 665 that defines a depth of the reservoir for when the 

second manifold 510 receives fluid. In this way, fluid such as deionized water 

20 may be received through the second inlet 410 and expand through the bored 

segment 1420 of the second manifold 510. Prior to the level of the fluid 

exceeding the height 1430, the fluid forms a reservoir within the second 

manifold 510. Once the flwd passes the height 1430, fluid enters the tubular 

insert 650b through the interior end 660 and passes through and out of the 

25 exterior end 655. The resulting outflow of the nozzle 400 may, in the case of 

deionized water, provide a fine disbursement of rinsing fluid. 

While not being limited to any particular performance indicator or 

diagnostic identifier, preferred embodiments of the invention can be identified 

one at a time by testing for the presence of a substantially uniform develop rate 

30 across the surface of a wafer. The test for the presence of a substantially 
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unifonn develop ~te can be canied out without undue experim~ntation by the 

use of the simple and conventional IPEC Awmap rate map or spinning rate test. 

A spinning rate··test was. perfonned to determine how much offset 

between the center of a spinning wafer .and the nearest develop stream could be 

5 tolerated during developer dispense. The criteria used was to increase offset 

until the develop uniformity suffered. This· is important to know as such an 

offset is inherent in most of the dispense nozzle designs being considered for 

the develop module. . 

Figs. 15:-18 provide results of a develop test on wafers with nozzle 

10 offsets. of 0, 5, -10 and 20 mm at the same time while varying the spin during 

dispense l>etween 60 and 2500 rpm. The test fo:aind that an offset at least as 

great as 5 mm had no adverse impact· on develop uniformity across .the wafer. 

Presumably a nozz.le design with an offset of S mm-or less should not cause 

develop non-uniformity at the center of the wafer. At some point between 5 and · 

15 10 mm, fluid no longer wets the cent~ of the wafer and develop there is greatly 

suppressed. The spiri. speed of the wafer interacts with the offset somewhat, and . 

is most apparent at the marginal offset of 10 mm. 

A preferred embodiment of the invention includes three parallel rows of 

holes in a bar Qllt'. wafer radius long. This single nozzle would dispense both 

20 deionized (DI) water and developer~ ~ince tile ~al position of the arm over 

the wafer is done.with a pneumatic cylincler, there will be only one placement of 

the nozzle relative to the wafer, regardless of which fluid is dispensed .. 

Therefore, only one set of holes can be exactly over the center of the wafer, and 

it is expected that DI dispense should ~e precedence in which fluid gets to be 

25 closest to the wafer center. The typical develop process dispenses fluid on a 

spinning wafer, sq centrifugalforce will prevent fluid from reaching the center 

if it is dispensed tOo far out. This test was performed to-determine how far off­

center the develop dispense could be before develop rate uniformity across the 

wafer was affected. 

30 Devel9per was dispensed at fbced offsetS of 0, S, 10 and 20 mm from the 

center. Initial spin during the dispense was also varied, as the difference in 
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centrifugal force could interact with the centering offset to affect developer 

reaching the center of the wafer. Speeds of 60, 600, 1200 (standard), and 2500 

rpm were used. 

Referring to Figs. 19A-22D, a sub-develop technique was chosen as a 

5 measure of develop quality for several reasons, including: (1) sub-develop 

technique is fast relative to line width measurements; (2) sub-develop technique 

has more resolution that line width or E0 measurement, and is less subjective 

than E0 measurement; (3) the entire wafer area can be used, as opposed to a 

few discrete locations; and (4) with exposures and develop rates well above 

10 those for E0
, the effect of the develop process is much more dominant compared 

to the contributors to develop rate, such as the swing curve, Microscan intensity 

uniformity, PEB uniformity, etc. As the resist film approaches complete 

deprotection, development trends toward a simple etch process. In addition to 

the qualitative measure of col~r uniformity across the Wafer after development,: 

15 · resist removal differences across the wafer were quantified with IPEC Acumap. 

thickness measurement system. Although this tool measures thickness at 1 mm 

intervals across the entire wafer (greater than 30,000 locations), as a practical 

matter only the thickness at the center of 121 exposme fields were used for the 

calculations in this report. 

20 The baseline chemistry, TOK9, and process were used for the test. The 

develop recipe was modified to remove arm movement during develop and DI 

dispenses. A preferred embodiment of the nozzle was used for develop 

dispense. It was adjusted so the centermost hole was over the center of the 

wafer with 0 offset in the ann program. The puddle portion of the development 

25 process was shortened from 60.5 to 5.5 seconds. The exposure dose used was 

12m.Jlcm. (E0 dose is approximately 6.5-7.0m.Jlcm). The developer flowmeter 

was set to approximately 3.8, and although volume was not checked, past 

experience with this meter is that it should be about SO ml. All wafers were 

processed at one time through PEB, then separately into the developer, where 

30 parameters were varied for each wafer in randomized order. 



l. 

wooon6t63 PCT/US99/20115 

18 

Develop rates were determined by first subtracting the resist thickness at 

the 121 locations after develop from the thickness measured on two of the 

wafers after PEB, just prior to develop. In this approach, it was assumed that 

wafer-wafer differences in pre-develop thickness were relatively negligible, and 

5 a representative waf<;a' could be the "before" wafer for all rate cal9ulations. The 

resist removed was divided by the develop time ( clispe.p.se +puddle +refresh), 

10 seconds for all wafers in this test. 

Measuring ini~al thickness between PEB and develop is notable for two 

reasons. First, Dl!lllY o.f the prior develop rate calculations have been done using 

10 the thickness before exposure. Since the thickness loss was about 1 oooA from 

the original 8500A, this should b~ a more accurate estimate of the develop rate. 

Second, the exposed areas were clearly visible, and a characteristic pattern 

across the wafer was seen on every wafer. This is useful as a metric of relative 

deprotection aero~~ the waf~,·and some papers have also noted this. It has the· ·• 

15 desirable property of being independent of the develop process. 
. · .. · . ' ., . 

The devel9p portion of the recipe used is as follows: 

Operation Tillie (sec.) Speed(rpm) .ArmX(mm) 

Spin 1.0 60-2SPO ' 0-20 

Develop Dispense 1.0: Same Same 

Develop Dispense 2.Q 20 Same 

Spin 6.5 0 Same 

Spin o.s 1200 Same 

Ill 

Ill 

20 Ill 
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Results for this-test are summarized in the table below: 

ArmX Speed Ave.Rate Stdcv. %unil o/ounif Max. Min.Rate Range 

Mm rpm Alsec. Rate (a/ave) (mg/ave) Rate Alsec. Rate 

A/sec. Alsec. A/sec 
Each row below corraponds to indivitlaal wq/U6 

0 60 610.9 28.2 4.6% 20.5% 679.8 554.6 125.2 
0 600 639.3 2406 3.&% 16.6"4 69&.7 592.6 106.1 

0 1200 608.9 21.9 3.6% 14.4% 660.7 512.8 87.9 

0 1200 611.2 24.1 3.9% 17.6% 677.0 569.6 107.4 

0 2500 646.6 26.4 4.1% 20.6% 728.3 595.1 133.2 

5 60 610.0 31.1 5.1% 20.6% 685.7 560.3 125.4 

s 600 622.7 28.9 4.6% 20.8% 707.1 577.8 129.3 

s 1200 638.8 24,4 3.8% 16.8% 698.0 590.8 107.2 

5 2500 647.7 23.4 3.6% 17.1% 711.9 600.8 111.I 
10 60 582.6 29.2 5.004 21.1% 656.3 533.6 122.7 

10 600 639.9 25.9 4.0% 20.2% 724.3 595.1 129.2 

10 1200 606.3 30.7 S.lo/o 42.0% 690.4 435.9 254.5 
10 2500 639.8 32.7 5.1% 46.7% 712.4 413A 299.0 
20 60 601.9 63.8 10.5% 112.9% 686.8 0.7 686.1 
20 600 593.8 60.0 10.1% 113.4% 612.5 -1.0 673A 

20 1200 629.4 66.6 10.6% 114.9% 723.l -0.3 123A 

20 2500 639.0 64.9 10.2% 112.0% 717.l 1.2 716.0 

row.s below gNRlp pmlOllS data 6y ellltu lll'm po11tlon or spin sped 

All 60 602.8 42.4 7.0% 113.8% 686.8 0.7 686.1 
All 600 623.9 42.l 6.'rlo 116.2% 724.3 -1.0 725.2 
All 1200 618.9 39.5 6.4% 116.9% 723.1. -03 723.4 

All 2500 643.3 40.4 6.3% 113.0"A. 728.3 1.2 1212 
0 all 623.4 29.8 4.8% 27.9% 728.3 554.6 173.7 
5 au 629.8 30.7 4.9% 24.1% 711.9 560.3 ISl.6 

10 all 617.2 18.3 6.2% 50.4% 724.3 413.4 ll0.9 

20 all 617.S 66.1 10.7% 117.2% 723.1 -1.0 724.J 
Rows below are grouped tu In prelllous sttdon, but with ettntD t/"111 point removed 

All 60 604.1 32.4 5.4% 30.1% 686.6 505.0 181.8 
All 600 625.J 30.8 4.9% 37.8% 724.3 487.7 236.6 
All 1200 620.3 29.6 4.8% 33.7% 723.J 513.9 209.2 
All 2500 645.J 26.0 4.0% 33.2% 728.3 514.0 214.3 

0 all 623.4 29.9 4.8% 27.90,f, 728.3 554.6 173.7 
5 all 629.9 30.8 4.9% 24.1% 711.9 560.3 151.6 

JO all 617.9 35.9 5.SOA. 30.9% 724.3 533.6 190.7 
20 all 622.7 34.6 5.6% 37.8% 723.1 487.7 235.4 
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Overall, the clear.break in the data is between 5 and 10 mm offset. Five 

may be slightly better than O; 20 is the worst. ·The primary effect is the arm 

position, but the spill speed cluririg dispense can be seen, particularly for the 10 

mm offset. Predictably, ·the single point at the center is responsible for much of 
. . . . . ' 

5 the non-uniformity especia11y for lO ~d 20 mm . .To capture the variation 

between the center and the rest of the wafer, the range is a more useful measure 

of uniformity here than is standard deviation, where the other 120 points tend to 

dilute the center. 

A third order polynomial line is :fitted through the data to ease 

10 comparison between the different spin speeds, as th.ere is quite a bit of scatter in 

the data. Figures 15-18 confirm the trends seen in the tables: the primary non­

uniformity is between the. center and the rest of the data for the higher speeds, 0 

and 5 mm are clearly more uniform than the higher offsets, and at 10 mm there 

is an interaction between offset and speed. 

lS 

20 

Figures l9A•22D show the IPEC maps for all the wafers, except for one 

repetition. (The maps look much better on a monitor that a printout. The 

monitor also has the advantage of being able to zoom in.). The rate range 

spanning the different colors is.held constant so that relative uniformity can be 

compared between wafers. The: gray and white areas are off the scale. It can be 

see here, as was apparent visually on.tqe wafers as well, that starting with 10 

mm offset, a "hole'' forms in th~ center where little or no develop fluid contacts 

the wafer, and which has a much lower develop rate. 

The test confirmed that ~rune ~ffset from the center is tolerable for 

developer dispense, at least up to 5 mm. At some point between 5 and 10 mm 

25 offset from the center and the nearC$t develop stream, fluid ceases to contact the 

center of the wafer, resulting in an area with greatly suppressed develop rate, 

and no doubt catastrophic yield loss on a customer wafer. Larger offsets 

exacerbate the effect. There is a mild interaction with the spin speed used as the 

fluid first touches the wafer, showing up mainly at the apparently marginal 

30 condition of a 1 Omm offset. The uniformities measured were actually slightly 
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better for the 5 mrii offset than for 0, but it is probably 'not 'a significant 

difference in this test. 

These results indicate that said nozzle design should not cause develop 

rate non-uniformities at the center of the wafer so long as the centermost stream 

5 is not more than 5 mm from the center. 

Advantages of the Invention 

A process and/or nozzle, representing an embodiment of the invention, 

can be cost effective and advantageous for at least the following reasons. This 

invention improves the CD control capability of the developer fluid module. 

10 This invention reduces defects and particles during the develop process thereby 

improving the yield of the final devices. This invention combines low 

impingement force nozzle for both develop and rinse parts of the process and 

minimizes the impinging force on the features which are being developed, 

which in tum, minimizes the pattern collapsing, thus improving device yields. 

15 This invention has wide process latitude and reduced sensitivity to process 

variables. This invention includes improved rinsing action which reduces the 

total devefop process time, thus increasing the throughput. The advantages of 

the· nozzle include the enablement of an all-in-one design: three rows of holes 

for two developer chemistries and one row of holes for deionized water 

20 chemistry in a single head, if needed. The advantages of the nozzle include a 

compact design, for example, a nozzle width of only 1-112 inches for a triple 

head. The advantages of the nozzle include low cost. The advantages of the 

nozzle include a one piece body design that is easy to manufacture. The 

advantages of the nozzle include tube inserts with smooth inner surfaces for 

25 improved particle performance. 

All the disclosed embodiments of the invention described herein can be 

realized and practiced without undue experimentation. Although the best mode 

of carrying out the invention contemplated by the inventors is disclosed above, 

practice of the invention is not limited thereto. Accordingly, it will be 

30 appreciated by those skilled in the art that the invention may be practiced 

otherwise than as specifically described herein. 
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. For example, the individual components nee~ not be formed in the 

disclosed shapes, or assembled in the disclosed config~tion, but "could be 
. . 

provided in virtually any shape, and. assembled in virtually any configuration. 

Further, the indivi(,iual components need not be fabricated from the disclosed 

5 materials, but could be fabricated from virtually any suitable materials. Further, 

although the multiport no7.Zle described herein can be a physically separate 

module, it will qe manifest that the multiport no7.Zle may be integrated into the 

apparatus with which it is associated. Furthermore, all the disclosed elements 

and. features of each disclosed embodime:qt can be combined with, or substituted 

10 for, the. disclos~ elements and features of every other disclosed embodiment 

except where such elements or features are mutually exclusive. 

.15 

It will be IJlanifest that various additions, modifications and 

. rearrangements of the. fe!ltures of the. inventio~ may be made without deviating 

from the spirit and scope of th.e ~erlying biyentive concept. It is intended that 

the scope of the inyenti,op as defined by the Eq>pended 9laims and their 

equivalents cov.~r all such addiµons, modificatio;n.s, !Dld rearrangements •. The 

appended claims.are ll()t to be interprc;ted as;including ~eans-plus".'function 

limitations, unless ·such a limitation is explicitly recited in a given claim using 
. r·.· . .. . . . ·.· . . . .. ; . . . 

the phrase. "me~-for." Expedient embodiments of the invention are 
' . . . . 

20 differentiated by the appended subclaims. 



WO 00/16163 PCTIUS99/20115 

: ' \11\11\ "'"' '"" ""' '"'" 
* c L M S * 23 

CLAIMS 

What is claimed is: 

1. A method for minimizing precipitation of deV'eloping reactant by 

lowering a sudden change in pH, said method comprising: 

5 developing at least a portion of a polymer layer on a substrate with a 

10 

charge of developer fluid; then 

permitting at least a portion of said charge of developer fluid to dwell on 

said polymer so as to controllably minimize a subsequent sudden change in pH; 

and then 

rinsing said polymer with a charge of another fluid. 

2. The method of claim I, further comprising spinning said 

substrate at an angular velocity sufficient to remove a portion of said developer 

fluid from said substrate. 

3. The method of claim 2, wherein spinning said substrate includes 

15 : spinning said substrate at an angul~r velocity, and for a duration, sufficient to 

remove a· majority of said developer fluid. 

4. The method of claim 1, wherein developing at least said portion 

of said polymer-on said substrate includes developing at least a portion of an 

exposed photoresist polymer on said substrate. 

20 5. The method of claim 1, wherein developing at least said portion 

of said polymer on said substrate includes developing said at least a portion of 

said polymer on a semiconductor wafer substrate. 

6. The method of claim 1, wherein rinsing said polymer with said 

charge of another fluid includes rinsing said polymer with deionized water. 

25 7. The method of claim 1, further comprising providing a laminar 

airflow field in a developer fluid module in which said substrate is located. 

8. A method for minimizing precipitation of developing reactant by 

lowering a sudden change in pH, said method comprising: 

developing at least a portion of a polymer layer on a substrate with an 

30 initial charge of a developer fluid; then 
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rinsing said polymer with rui ad<Utlonal charge of said developer fluid so 

as to.controllably minimize a subsequen~ sudden change in pH; and then 

rinsing said polymer with a charge of another fluid. 

9. The m~thod of cbtjm .8, vvbereip. developing ~t least said portion 

5 of said polymer on ~~d substrate inclu4es developing at least a portion of an 

exposed photoresist polymer on said substrate; 

l 0. The method of clajin 8, wl:ierein developing at least said portion 

of said polymer on said substrate includ~s developing said at least a portion of 

said polymer on a semiconductor wafer substrate. 

10 11. The Dl~hod of clai:qi 8, wherein rinsing said polymer with said 

charge of another fluid includes rinsing Saic;l polymer with deionized water. 
. . 

12. The m~od of clai~ 8, further comprising providing a laminar 

airflow field in a developer fluid module in which said substrate is located. 

13. A. met)i~d for mii:i~111izing .precipitation of developing reactant by 

15 lowering a sudden c~e in pH, said ~etliod comprising: 

developing at least a portion· ~fa polymer layer on a substrate with a 

charge of developer :tl.¢d; then 

contacting said substrate with a clJ.arge of :I>uffer, thereby mixing at least 
. ' . 

a portion of said developer fluid ~ith at least a portion of said charge of buffer,·. · 

20 so. as to controllably riiinimize a ~ubs~qµent sudden change in pH; and then 
,.· . .· . 

rinsing said .pc>lymer :wi$ a Charge of mother fluid. 

14. The method of claim 13, wherein developing at least said portion 
. . . . ' . . . . 

of said polymer on ~4 substratC! i11~lu~es developing at least a portion of an 

exposed photoresist :pplymer on ~aid substnlte. 

25 15. The J1lethod of cl~Jfl 13, wherein develpping at least said portion 

of said polymer on s.aid substrate incl~4es developing said at least a portion of 

said polymer on a semiconductor w&fer i;ub$1te. 

16. The J:Il~od of c. q, wherein rinsing said polymer with said 

charge of another :n~d includes riti~iµg s8.id polymer with deionized water. 

30 17. The method of cl~:m 13; ~er comprising providing a laminar 

airflow field in a developer fluid module iil which said substrate is located. 



7"·if-'··::!~·~".T~r ·:· .... · }i~·::4·}f::·;· 
I· . .. ·f;··:·(<:· 

WO 00/16163 PCT/US99/20115 

111111111111111111111111111111 25. 
* C L M S * 

18. An apparatus for minimizing fluid impingement force on a 

polymer layer to be developed on a substrate, thereby improving yield and line 

width control performance, said apparatus comprising: 

a nozzle including: 

5 a manifold adapted to supply a fluid; 

a plurality of fluid conduits coupled to said manifold; and 

a plurality of tubular inserts located within said plurality of fluid 

conduits. 

19. ·The apparatus of claim 18, wherein said plurality of tubular 

I 0 inserts are externally extended beyond a bottom of said nozzle. 

20. ·The apparatus of claim 18, wherein said plurality of tubular 

inserts are internally extended into said fluid manifold so as to define a reservoir 

adapted to maintain a substantially equivalent static pressure with regard to· said 

plurality of fluid conduits. 

15 21. The apparatus of claim 18, wherein said plurality of fluid 

conduits are aligned to define an a:icis. 

22. The apparatus of claim 21, wherein said nozzle is connected to a·· 

bracket adapted to raise and lower mUltiport nozzle with regard to said substrate 

and reposition said axis so as to be substantially coplanar with a nonnal to a 

20 center of said substrate. 

23. The apparatus of claim 21, wherein said rinse axis is as long as a 

radius of said substrate. 

24. The apparatus of claim 18, further comprising a chamber coupled 

to said nozzle, and said chamber adapted to provide a laminar airflow field. 

25 25. The apparatus of claim 18, wherein said nozzle includes another 

manifold. 

26. The apparatus of claim 25, wherein said fluid manifolds and said 

another manifold are staggered so as to reduce an externaJ width of said nozzle 

compared to a nominal external width of said nozzle achievable without either 

30 intersecting said fluid manifold and said another manifold or staggering said 

fluid manifold and said another manifold. 
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27. An apparatus for Jnin4nizing fluid impingement force on a 

polymer layer to be d~veloped ()~ a substrate, thereby imprQving yield and line 

width control performance, said apparatus comprising: 

a nozzle including: 

a developer manifold adapted to supply .a developer fluid; 

a plurality of developer fluid conduits coupled ~ said developer 

manifold; 

a rinse manifold adapted to supply a rinse fluid; and 

a plurality of rinse fluid conduits coupled to said developer manifold, 

10 wherein said ~evel()per manifold ~d said rinse, manifold are staggered . 

15 

so as to reduce an ~~al width of said no,zzle .compared to a nominal external 

width of said n~zz1e achievable wi~out ei~er intersecting said fluid manifold 

and said another m~fold or staggering said fluid manifold and said another 

manifold. 

28. . The apparatus of claim 27; further comprising a plurality of 

tubular inserts located within at least one of i) said plurality of developer fluid 

conduits and ii) said J)lurality of rinse fluid conduits. 

29. The apparatus of claim 28,- wherein ~d plurality of tubular 

inserts are externally extended beyond ~ ~ottom of said nozzle. 

20 30. The apparatus of claim 28 wherein said plurality of tubular 

inserts.are internally extended into said fluid manifold so as to define a reservoir 

adapted to maintain a substantially equivalent static pressure with regard to said 

plurality of fluid condlJits. 

31. The apparatus of claiin 2,7, wherein said plurality of fluid 

25 conduits are aligned to define an axis. 
. . . 

32. The apparatus of claim 27, wherein said nozzle is connected to a 

bracket adapted to raise and lowef multiport nozzle with regard to said .substrate 

and reposition said ~s so as to be Sllbstantially coplanar with a normal to a 

center of said substrat~. 

30 33. The apparatus of claim 27, wherein said rinse axis is as long as a 

radius of said substrate. 

.=· . 
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34. The apparatus of claim 27, further comptl~ing a chamber coupled 

to said nozzle, and said chamber adapted to provide a laminar airflow field. 

35. An apparatus for minimizing fluid impingement force on a 

polymer layer to be developed on a substrate, thereby improving yield and line 

5 width control performance, said apparatus ·comprising: 

10 

a nozzle including: 

a developer manifold adapted to supply a developer fluid; 

a plurality of developer fluid orifices coupled to said developer 

manifold; 

a rinse manifold adapted to supply a rinse fluid; 

a plurality of rinse fluid orifices coupled to said rinse manifold, and said 

plurality of rinse fluid orifices arranged to define a rinse fluid axis, 

wherein said nozzle is connected to a bracket adapted to raise and lower 

said nozzle with regard to said substrate and reposition said at least one rinse 

15 axis so as to be substantially coplanar with a normal to a center of said 

substrate. 

20 

36. The apparatus of claim 35, wherein said developer manifold and 

said rinse manifold are staggered so as to reduce an external width of said 

nozzle compared to a nominal external width of said nozzle achievable without 

either intersecting said fluid manifold and said another manifold or staggering 

said fluid manifold and said another manifold 

37. The apparatus of claim 35, further comprising a plurality of 

tubular inserts located within at least one of i) said plurality of developer fluid 

conduits and ii) said plurality of rinse fluid conduits. 

25 38. The apparatus of claim 37, wherein said plurality of tubular 

inserts are externally extended beyond a bottom of said nozzle. 

39. The apparatus of claim 37, wherein said plurality of tubular 

inserts are internally extended into said fluid manifold so as to define a reservoir 

adapted to maintain a substantially equivalent static pressure with regard to said 

30 plurality of fluid conduits. 
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40. The apparatus of claim 35, wherein said rinse axis is as long as a 

radius of said substrate. 

41. The apparatus of claim 35, further comprising a chamber coupled 

to said nozzle, and sai~ chamber adapted to provide a laminar airflow field. 

5 42. The apparatus of claim 35, wherein said plurality of developer 

fluid orifices define a developer fluid axis and said deveJoper fluid axis is 

substantially coplanar with smd rinse axis. 
43. The applU'Stus of claim 42, wherein said at least one developer 

fluid axis is substantially parallel to said at least one rinse axis. 


