
;e3e|jJ@6vT_pa NOVEL METHOD TO MINIMIZE ISO-DENSE CONTACT OR VIA GAP
FILLING VARIATION OF POLYMERIC MATERIALS IN THE SPIN COAT PROCESS FIELD OF
THE INVENTION The present invention relates generally to fabrication of
integrated circuit devices, and more particularly, to a method of creating
small geometry dual damascene structures while avoiding problems of surface
coating Iike gap-fill.  1   BACKGROUND OF THE INVENTION It has always L~een
challenging to fill poll=meric materials in the iso df'IZSC COntaCt or via
with less filling variation. It was also challenging to etch the dual
c.~iamascene structures on top of via with various pitches of via hole
present in the chip. As shown in Figs. 1A, 1B and 1C, BARC 114; 124; 134
always unevenly fills via openings 116; 126; 136 of different pitches like
1:1 of Fig. 1A, 1:3 of Fig 1B and 1:5 of Fig. 1C on the same wafer. It is
noted that the via opening d~nsltiea of Fibs. 1A, 16 and 1C mw be on
differing portions of the same wafer 111. BARC has a tendency to fill to a
greater degree in the iso-dense pattern vial 136 of Fig. 1C compar ed to
dense pattern via openings 116 of Fig. 1 A with the moderate density
pattern vias 126 of Fig. 1B having BARC 124 filled via openings 126 falling
between Figs. 1C and 1A as shown. During the subsequent trench etching step
of the dual damascene process, it is difficult to optimize the trench etch
recipe due to uneven Filling of the via openings 116; 126; 136 within the 



differing via opening densities Figs. 1A, 1B and 1C of the wafer 111.
Uneven BARC 114; 124; 134 filling always cause either over etch of the
substrate 112; 122; 132 due to less BARC fill 114 1J1 dense Vla OpenlngS
116 as shown in Fig. 1A or fence 7   formation because of more BARC filling
134 in iso-dense via openings 136 as shown in Fig. 1C during trench
etching. Both are undesirable for the ideal dual damascene pr ocess. In the
clevclopment of semiconductor industry, an improvement in open ation speed
of the dev ice has always been a technology that all semiconductor manuf
actur ers ar a competing. With a rapid development of an integrated circuit
pr ocess, a resistance of a conductive line and a parasitic capacitance
between the conductive lines are determined as two key factors among all
factors for influencing the operation speed of the device. Accordingly, a
metal lay er having a low resistance, such as a copper layer can substitute
for an aluminum layer used in tile COIl~'e11t1011a1 method for reducing the
resistance of the conductive line. A lo~n,~ dielectric constant (k)
material, such as a low-k organic dielectric layer can substitute for a
silicon oxide layer used in the conventional method for reducing the
parasitic capacitance between the conductive lines. Generally, a dual
damascene technique is a metal interconnect process with a high reliability
and love cost, while a material selection for the metal interconnect is not
limited by etching process for the metal. Therefore, this technique is
widely applied to the manufacture of the copper line to reduce the
resistance of the conductive line, and to further improve the operation
speed and   



quality of the IC device. As there is a demand for a high operation speed
of the device, fabricating the dual damascene with the lo~n~-k material
layer has been practiced in the metal interconnect process of the
semiconductor industry. Dual damascene is a multi-level interconnection
process in which, in addition to forming the grooves of single damascene,
conductive via openings are also formed. As shown in Figs. 2A and 2B, the
dual damascene process requires two masking steps. Fig. 2A illustrates that
first, the via 144 pattern within a low-k material layer 142 formed over a
substrate 140 is etched. Fig. 2B that second, the trench 146 pattern for
the conductive lines are formed above the respective etched via 144'
pattern. In the current practice of semiconductor manufacturing the liquid
materials are most often deposited using either spin or spray coating
methods employing a coater cup of a spin coater 150 as shown in Fig 3
having a resist arm 152 and a supply nozzle (RRC nozzle) 154. In a
conventional .spin coating process the semiconductor wafer to be processed
is placed on a rotatable chuck and held in place by vacuum. The chuck is
referrccl to by a variety of names, including spin chuck and vacuum chuck.
The spin chuck has a diameter slightly less than that of the semiconductor
wafer. The   wafer is positionec.~ on the chuck such that it is resting in
a level horizontal plane with the inactive surface, designated as the
bottom, in contact with the chuck and the opposite top sur face is coated
with the desired solution. In standard systems the chuck is powered alld
rotated by a motor. In the spin coating process, the solution of specific
quantity can be dispensed onto the wafer from a supply nozzle prior to
spinning the wafer, which is referred to as static dispense or after the
semiconductor wafer has been set in 



motion, which is terme~-1 dynamic dispense. In either case after the
solution has been c-lispensec-1 onto the top surface, the wafer is spun at
a constant speed to establish a desired relatively uniform thickness of the
solution across the wafer. Once the liquid layer acquires the relatuely
uniform and symmetrical profile, the remainder of the spin cycle allo~n~s
the solvent in the solution to evaporate to produce a solid film on the
wafer top surface. After the solution is dispensed onto the wafer it is
distributed uniformly over the surface largely as a result of the radial
distribution of the liquid due to centrifugal and dr ag Forces created by
the spinning of the wafer. The solution deposited on the wafer goes through
a number of stages during the spin process, primarily due to the fluid
dynamics created by the spinning substrate. 5   In the conventional dual
damascene process, to protect the via bottom during the trench etch (Fig.
2B), the most commonly used method is to completely fill the via opening
144 of Fig. 2A with BARC and than etch back BARC to give the equally height
filled v ias 144. This leads to extra steps and complexity in the pr ocess.
The resist coater shown in Fig 3 may be used in the conventional coating
method for coating a BARC film on semiconductor ~Tafer. Ftg 4 is a graph
illustrating rotating speed (the y-axis) versus time (the x-axis) for a
v~~afer in each step in the conventional coating method to fill the vias
~.vith BARC prior to the trench proress to form the dual damascene
structure opening. BARC having, for example, a relatively Iow viscosity on
the order of 6 cp. is usec.~l for a BARC film coating. The wafer is held on
the wafer chuck and the BARC is first dr ipped on a wafer fr om the resist
supply nozzle, while rotating the 



~n.~afer at a low rotational speed of about 650 rpm as at 162. The BARC is
spread on the whole coating surface of the wafer for 2.5 seconds as at 162.
Next, the drlppltlg of BARC is suspended, and the wafer is rotated for 20
seconds at a rotational speed of aboLlt 5500 rpm as at 164, so that a BARC
film having ~ desired thickness, i.e c.g., of 600A is formed.   Then, a
rinse agent is Sprayed 1-rom the cleaning nozzle for 10 to 20 seconds at a
rotational speed of about 2000 as at 166, and the back surface edge of the
wafer is cleaned Thus, the coating step is terminated. Subsequently, the
process proceeds to the baking steps, when a the residual solution in the
BARC is completely removed. U.S. Patent No. 6,251,487 B1 to Yonaha
describes a method for coating a resist film. U.S. Patent No 4,7=t1,926 to
White et al. describes a spin-coating pr oceclure. U.S. Patent No. 6g19,821
B1 to Liu et al. describes a dual damascene process with BARC and via fill.
U.S. Patent No. 6,042,999 to Lin et al. also describes a dual damascene
process with BARC anc~ via fill.   SUMMARY OF THE INVENTION Accordingly, it
is an object of the present invention to provide a method to spin coat a
polymeric film on a wafer while minimizing the gap fill ~'arla tl O11
4V1t11111 a Sel'les (7f wafer openings having varying pitch densities.
Other objects will appear hereinafter. 



It has now= been discovered that the above and other objects of the present
invention may be accomplished in the following manner. Specifically, a
polymeric material film is spin coated upon ~ wafer rotatably mounted
within a spin coater using the following Four steps. A first step of
rotating the wafer on an axis perpendicular to the wafer surface while
applying a predetermined amount of polymeric material Whlle rotating the
wafer at a rotational speed of from about 300 to 1200 1'pnl f or f r om
abou t 2.5 t0 ;~ SE'COllc.~lS to spr ead the polymer is material on the
whole surface of the ~~afcr. A second step of increasing the rotational
speed of the wafer to about 5500 rpm for about 2.5 seconds. A third step of
decreasing the rotational speed of the wsafer to about 300 to 1200 rpm for
about 2.5 seconds. A fourth step of increasing the rotational speed of the
wafer to about 5500 rpm for about 20 seconds to form the polymeric material
film having a predetermined thickness over the whole surface of the wafer 8
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C)   Figs. 6A, 6B and 6C schematically illustrate varying via opening
filled densities on a wafer after the splash-out step of the present in v
ention. Figs. i A, 7B and 7C schematically illustrate var ying via opening
filled densities on a w~afcr after the stabilization step of the present
invention. Figs. 8A and 8B schematically illustrate the inventor's proposed
mechanism of the splash-out and stabilization steps of the present
invention. 10   DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT The method
of the present invention has been developed specially for bottom
anti-reflective coating (BARC) filling within via openings although one
skilled in the art ~nrill recognizes that other materials may be used to
fill the via openings, as noted below, and that other structure may also be
filled with such materials. The present invention relates to a coating
method for coating a BARC film on a wafer having a diameter of eight (8)
inches by a spin coating process, wherein the B.~~RC film rs fillec~l
wrthio via openings with less filling d~ffercnces bet~n,Teen different
pitches of the via openings. One skilled in the art will also recognize
that the novel method of the present invention may be applied to wafers 



having other diameters. The BARC (film) in this specification refers to a
wide concept including all kinds of polymeric materials in spin-coat
processes and may preferably be a top anti-reflective coating (TARC),
flowable dielectrics in spin-on glass process, conformal BARC (AR3) or a
planar izing BARC (DUV 32-6 or NCA 32-6 av ailable from Nissan Chemicals),
i.s more preferably a top anti-reflective coating (TARC) or a con formal
BARC and is most preferably a planarizing BARC (DUV 32-6 or NC A 32-6
available from Nissan Chemicals). 11   In the present invention, a novel
method of polymeric materials coating has been c.~iscovered. The present
invention provides a novel technique to minimize the polymeric material
filling variations in via openings and contact holes through all the
pitches. As shown in Fig. 5, a graph of wafer rotational speed versus time,
a novel high rpm splash-out step in combination with a novel stabilization
step are incorporated to minimize iso-dense contact or via gap filling
variations. It is noted that all references to BARC include all kinds of
polymeric materials used in spin-coat processes as noted above. The First
Step 72 In the first step 72 as shown in Fig. 5, a predetermined amount of
the PARC is dripped on a wafer 11 while allowing the wafer 11 to be rotated
at a low rotational speed of about 650 rpm (variable from about 300 to 1200
rpm depending upon the polymer viscosity, density and amount of filling
required 1I1 Vla openings/holes). BARC is spread on to the whole surface of
the wafer 11 for about 2.5 SCCOIIds (variable from about 2.5 to 5 seconds
also depending upon the pol5nner 12 



viscosity and density). The dripping of the BARC is suspended at the time
when the BARC is evenly spreac~i on the whole surface of the wafer 11. The
BARC fills the varying pitches of via openings/holes in a manner slrTlllar
to that shown in Figs. 1A, 1B and 1C. The Second, Splash-Out Stet. 7'4 In
the sccon~j step 74 as shown in Fig. 5, the novel splash-out step 74, the
rotational speed of the wafer 11 is increased from the 650 rprn rotational
speed of the first step 72 to aL~out 5500 rpm for about 2.5 seconds with
higher acceleration. The second, splash-out, step 74 is used to remove the
BARC filling the via Opl'n111gs~holes. The splash-out step 74 time is
critical. More time will give adverse effects by drying out the BARC inside
the via openings; holes before stabilization. As shown in Figs. 6A, 6B and
6C the second splash-out step 74 causes BARC to be expelled from the
respective via openings/holes 16, 26, 36 and resting as at 14", 24", 34'~,
respectively, upon the etched substrate 12, 22, 32 adjacent the respective
via openings/holes 16, 26, 36. T his reduces the amount of BARC 14', 24',
34' remaining within the respective via openings/holes 16, 26, 36. 73   The
Third, Stabilization Step 76 In the novel third, stabilization step 76 as
shown 111 Fig. 5, the rotational speed ~s lowered from the second
splash-out step 74 rotational speed of about 5500 rpm to the Elrst step 72
rotational speed of about 650 rpln (variable from about 300 to 7 200 rpm
ciepelldlllg upon the polymer viscosity, density and amount of filling
required in via openings/holes) for about 2.5 seconds. 



AS sllowIl 1I1 Figs. 7 A, 7B and 7C, the stabilization step 7G serves to
resettle an amount of respective expellec.~ BARC 14", 24", 34" of Figs. 6A,
6B and 6C back within the respective vIa openings/ holes 16, 26, 36, with a
greater amount of f3ARC re-filling in the denser pitches as in Flg. 7A,
less in the less dense pitches as in Fig. 7B and essentially none i11 the
iso-dense pitches as in Fig. 7C, thus serving to greatly equalise the level
of BARC filling across the range of pitches of the via openings/ holes. The
Four th Ste~78 In the fourth step the rotational speed of the third,
stabilization step 76 is increased to a predetermined rotational speed of
the wafer 11 wh lch 1S detel'mlned 11'(lln a Corl'elatloll Ol the ~1.'~fel'
11 W111c11 legUlates the thlCkness Of the l -1   BARC film. For example,
the -safer 11 is rotated for about 20 seconds at a rotational speed of
about 5500 rpm, so that a BARC film 18, 28, 38 having a desired thickness,
i.e. e.g., of about 600A is formed. The Fifth Step 80 In a fifth step 80, a
rinse agent is sprayed from the cleaning nozzle for about 10 to 20 seconds,
and the back surface edge of the wafer 11 is cleaned. Thus, the coating
step is terminated. Su'usequently, the process proceeds to the baking
steps, where the residual solution in the BARC is completely removed. In
the present invention, during the first step, the BARC is spread on the
~.vholc surface of the wafer 11 by allov~~ing the wafer 11 to be rotated at
a low rotational speed ~Nhilc dripping the BARC on the ~afer 11 in the same
manner as the convention method. The novel steps are the second, splash-out
step 74 combined with the 



novel third, stabilization step 76. Figs. 8A and 8B explains the
principle/mechanism the inventor believes to be behind this method. Due to
the novel high-rpm splash out step 74 the amount of BARC removed from dense
pitch via openings/holes 16 (Fig. 8A) or iso-dense pitch via openings/
holes 36 (Fig. 8B) is same but in the case 17   of the dense pitch the
cxpelled/removect BARC refills the via openings/holes 16 again. In the case
of the iso-dense pitch, the excessive amount of the BARC is spun off from
the ~-vafer 11 because of no nearby via openings/holes 36 to fill back
into. he splash-Ollt step 74 is followed by the stabilization step 76 to
fine tune the re-filling of the via openings/holes 16, 26, 36. The
splash-out step 74 time is critical. More time will give adverse effect by
dry ing out the BARC inside the via openings/holes 16, 26, 36 before the
stabilization step 76. The first and forth steps 72, 78 control the height
of Filling of the BARC/polymcric materials in the via openings/contact
holes 76, 26, 36. A higher spin speed in the first step 72 during
dispensing of the BARC on the wafer 11 will allow for less filling of the
via openings/contact holes 16, 26, 36. The novel second splash-out step 74
and the third stabilization step 76 control the gap filling height
variation across different pitches of the via openings/contact holes 16,
26, 36. Further processing may then proceed to form small-dimension dual
damascene structures that provide anti-reflective coating advantages when
using BARC, while at the same time avoiding conventional problems of poor
anti reflective coating on the surface of the openings of the dual
damascene structures. 1 C   



Exnerimental Results ACT 8 TEL TRACK was used to coat planarizing BARC on
via Opt_'rllIlgS/ contact holes on Bla ck DiamondT"' ~Nafers. The depth of
the via opcnings/contact lulus ucptli in this experiment ~n,as 10,000.A.
The following experimental data gives the height/performance of the BARC
fill in the via openings/contact holes. A11 the measurements are in
Angstroms (A) for the 1:1, 1:3 and 1:5 via pitches for the new coating
method (Table 1 A) and for the conventional BARC coating method (Table 1B).
Table 1A - Novel BARC coating method of the present invention. Pitch
ofW1:31:5Difference ofDifference of 1:5Difference of 1:5Vias1:3
tol:1tol:1tol:3BARC30004300480013001800500heightA 17   Table 1B -
Conventional BARC coating Method Pitch of1:11. ~1 vDifference ofDifference
of 1:5Difference of 1:5Vias1:3
tol:1tol:1tol:3BARC463067607920213032901260height~\ As demonstrated in the
above tzbles, the via gap filling difference by using the methocl of the
present invention between the 1:3 to 1:1 pitches ~n,~as reduced by about
850A; the via gap filling difference between the 1:5 to 1:1 pitches was
reduced by aL~out 1490A and the via gap filling difference bet~Teen the 1:5
to M3 pitches ~n~as reduced by about 660A. Advantages of the Present
Invention The method of the present invention provides a unique method to
minimize iso-dense contact or v is gap filling variation of polymeric
materials in the spin coat process anc.~l minimizes the via BARC filling
variation in the dual damascene process. The conventional methods for full
via filling need an additional BARC etch back and cleaning steps that
increases the processing time and complexity. Further, the etching steps
are more challenging for the conventional 



methods and ideal results cannot be obtained. The method of the present
invention reduces the complexity of BARC etching and reduces the additional
process steps. 1~   For dual damascene openings smaller than 0.35ym, a
conventional bottom anti-rcflectme coating (BAPC) coating may be applied in
accordance with the 111ethOd of the present invention to protect the bottom
stop layer 10, 20, 30 and preventing punch-through of the bottom stop layer
10, 20, 30 during the trench etch process. While particular embodiments of
the present invention have been illustratec.~ and descr ibed, it is not
intended to limit the invention, except as defined by the following claims.
17   CLAIMS 1. A method for spin coating a polymeric material film upon a
~n%afer rotatably mounted within a spin coa ter; the `wafer having a
surface, including the steps of: a first step of rotating the wafer on an
axis perpendicular to the wafer surface while applying a predetermined
amount of polymeric material while rOtatlIlg the wafer at a rotational
speed of from about 300 to 1200 rpm for from abou t 2.5 to 5 seconds to spr
ead the polymeric material on the whole sur face of the V1%ater; a second
step of increasing the rotational speed of the wafer to about 5500 rpm for
about 2.5 seconds; a third step of decreasing the rotational speed of the
wafer to about 300 to 



1200 rpm for about 2.5 seconds; and a fourth step of increasing the
rotational speed of the wafer to about 5500 rpm for about 20 seconds to
form the polymeric material film having a predetermined thickness over the
whole surface of the wafer. 20   2 The method of claim 1. ~n~herein the
polymeric material is a material selected from the group consisting of a
top anti-reflective coating (TARC), flowable d~electrics in spin-oi;-glass
process, conformal BARC (AR3), a planarizing BARC such as DUV 32-6
available from Nissan Chemicals and a planarizing BARC such as NCA 32-6
available from Nissan Chemicals. 3. The method of claim 1, when ein the
polymeric material is a top anti-reflective coating (TARC) or a coiiformal
BARC. 4. The method of claim 1, wherein the polymeric material is a
planarizing BARC such as DUV 32-6 available from Nissan Chemicals or a
planarizing BARC such as NCA 32-6 available from Nissan Chemicals. 5. The
method of claim 1, wherein the polymeric material film is an
anti-reflective coating or a bottom anti-reflective coating. 6 The methoel
of claim 1, wherein the predetermined thickness of the polymeric material
film is about 600A. 7 The method of claim l , wherein the ~n~afer is
rotated at a rotational speed of about 650 rpm for about 2.5 SecOnCis In
the first step. 21   ~. The method of claim 1, wherein the wafer is rapidly
accelerated from the 



rotational speed ~f the first step to the rotational speed of the second
step. 9. The method of claim 2, ~n.herein the rotational speed of tile
third step is about 6~0 rpm. 10. The method of claim 1, inclucling a fifth
step of applying a rinse agent to the ~-vafcr. 11. The method of claim 1,
including a fifth step of applying a rinse agent to the wafer for from
about 70 to 20 seconds. 12. The method of clmm 1, including the steps of: a
fifth step of applying a rinse agent to the wafer; and a sixth step of
baking the wafer . 1~. The method of claim 1, wherein the ~n~afer includes
a series of openings that are partially filled with the polymeric material.
22   14. The method of claim 1, w-herein the wafer includes a series of
openings leaving varying pitches; the series of openings having varying
pitches being par tially filled ~n~ith polymeric matcrial 15. The method of
claim 1, wherein the wafer includes a series of openings having varying
pitches; the series of openings having varying pitches being partially
filled with a substantially equal depth of polymeric material in each of
the varying pitch openings. 16. The method of claim l, ~~herein the wafer
includes a seines of openings having var ving pitches; the series of
openings having varying pitches being partially filled with a substantially
equal depth of polymeric material in each of the varying pitch openings;
the series of openings having a width of less than about 0.35m. 1 i . The
method of claim 1, wherein the polymeric material ha.s a viscosity of about



6cp. 18. A method for spin coating a polymeric material film upon a wafer
rotatably mounted within a spin coater; the v~ afer having a surface,
including the steps of: a first step of rotating the ~~afer on an axis
perpendicular to the wafer surface while applying a f~c~edetc~r~nincd
amount of polymeric material while 23   rotating the wafer at a rotational
speed of from about 300 to 1200 rpm for from about 2.5 to 5 seconds to
spread the polymeric material on the whole surface of the ~-vafer; a second
step of increasing the rotational speed of the ~n~afer to abou t 5500 rpm
for about 2.5 seconds; a third step of decreasing the rotational speed of
the wafer to about 300 to 1200 rpm for about 2.5 seconds; a fourth step of
incr easing the r otational speed of the wafer to about 5500 rpm for about
20 seconds to form the polymeric material film having a predeterminec~l
thickness aver the whole surface of the wafer; and a fifth step of applying
a r inse agent to the wafer for from about 10 to 20 sPCOndS. 19. The method
of claim 18, wherein the polymeric material is a material selected from the
group consisting of a top anti-reflective coating (TARC), flowable
dielectrics in spin-on-glass process, conformal BARC (AR3), a planarizing
BARC such as DUV 32-6 available from Nissan Chemicals and a planarizing
BARC such as NCA 32-6 available from Nissan Chemicals. 20. The method of
claim 18, wherein the polymeric material is a top anti-reflective coating
(TARC) or a conformal BARC. 



2_~   21. The method of claim 18, wherein the polymeric material is a
planarizing BARC such as DUV 32-C~ available from Nissan Che111ICa15 Or a
planarizing BARC such as NCA 32-f~ available from Nissan CJ1C11l1Cals. 22.
The method of claim 18, wherein the polymeric material film is an
anti-reflective coating or a bottom anti-reflective coating. 23. The method
of claim 18, ~nherein the predetermined thickness of the polymeric material
film is aL~out 600A. 24. The method of Clalnl 18, tn~herein tile ~'dter is
rotated at a rotational speed of about 650 rpm for about 2 5 seconds in the
first step. 25. The method of claim 18, ~~herein the wafer is rapidly
accelerated from the rotational speed of the first step to the rotational
speed of the second .step. 26. The methoci of claim 18, wherein the
rotational speed of the third step is about 650 rpm. 25   27. The method of
claim 18, including a fifth step of applying a rinse agent to the wafer.
28. The method of claim 18, including a sixth step of baking the wafer. 29.
The method of claim 18, wherein the wafer includes a series of openings
that are partially filled t-vith the polymeric material. 30. The method of
claim 7 8, wherein the wafer includes a series of openings having varying
pitches; the series of openings having varying pitches being partially
filled with polymeric material. 



31. The method of claim 18, wherein the wafer includes a series of openings
having varying pitches; the series of openings having varying pitches being
partially filled with a substantially equal depth of polymeric material in
each of the v arying pitch openings. 32. The method of claim 18, ~n.~herein
the wafer includes a series of openings having varying pitches; the series
of openings having varying pitches being partially filled with a
substantially equal depth of polymeric material in each of the varying
pitch openings; the Sel'Les C~f openings having a width of less than about
0.35pm. 2O   33. A methoc.~ For spin routing a polymeric material film upon
a wafer rotatably mounted Vv'lthlll a sp111 water; the wafer having a
surface with a series of open lugs having varying pitches, including the
steps of: a first step of rotating the wafer on an axis perpendicular to
the wafer su rface while applying a predeter mined amount of polymeric
material while rotating the wafer at a rotational speec.~ of from about 300
to 1200 rpm for from about 2.5 to 5 seconds to spread the polymeric
material on the whole surface of the ~.vafer and partially filling the
series of openings having varying pitches with the polymeric material; a
second step of increasing the rotational speed of the wafer to about 5500
rpm for about 2.5 seconds to expel a portion of the polymeric material with
the series of openings having varying pitches; a third step of
c.-lecreasing the rotational speed of the wafer to about 300 to 1200 rpm
for about 2 5 seconds to return some of the expelled portion of the
polymeric material back to some of the series of openings; and a Fourth
step of increasing the rotational speed of the wafer to about 5500 



rpm for about 20 seconds to form the polymeric material film having a
prc~~ieterlnined t111C1<lleSS ovel' the whole surface of the wafer. 27
34. The method of claim ;~3, wherein the polymeric material is a material
selected from the group consisting of a top anti-reflective coating (TARC),
flow~able dielectrics in spin-on-glass process, conformal BARC (AR3), a
planarizing BARC such as DUV 32-6 available from Nissan Chemicals and a
planarizing BARC such as NCA 32-6 available from Nissan Chemicals. 35. The
method of claim 33, wherein the polymeric material is a top anti-reflective
coating (TARC) or a conformal BARC. 36 The method of claim 33, wherein the
polymeric material is a planarizing BARC SLICK aS DUV 32-6 available trom
Nissan Chemicals or a planarizing BARC such as NCA :~2-6 availaL~le from
Nissan Chemicals. 37. The method of claim 33, wherein the polymeric
material film is an anti-reflective coating or a bottom anti-reflective
coating. 38, The method of claim 33, w~h~rein the predetermined thickness
of the polymeric material film is about 600A. 39. The method of claim 33,
wherein the wafer is rotated at a rotational speed of about 650 rpm for
about 2 5 seCCllOs 1I1 the first step. 78   40. The method of claim 33,
wherein the wafer is rapidly accelerated from the rotational speed of the
first step to the rotational speed of the second step. 41. The method of
claim ~ ~, wherein the rotational speed of the third step is about 



650 r pm. 42. Tlle method of claim ~3, including a fifth step of applying a
rinse agent to the wafer . 43. The method of claim ,3, including a fifth
step of applying a rinse agent to the wafer for from about 10 to 20
seconds. 44. The method of claim 33, 1I1c1ud1l1g the s~eps of: a fifth step
of applying a rinse agent to the ~lafer; and a sixth step of baking the
wafer. 45. Tlle 111CthOc,~ of claim 33, wherein the varying pitches of the
series of openings range from iso-dense to dense z:~   46. The method of
claim 33, ~n~hel-ein the varying pitches of the series of openings range
from iso-dense to dense and wherein substantially none of the polymeric
material expelled from the dense pitch openings during the second step is
returned to the dense pltCh OpCI1111gS during the fourth step. 47. The
method of claim 33, ~n~her ein the wafer includes a series of openings
leaving varying pitches; varying pitches including a series of about 1:1
pitch dense openings, a series of about 1:3 pitch dense openings and a
series of about 1:5 pitch iso-dense openings. 48. The method of Cldlrrl 33,
wherein the ~-wafer includes a series of openings having varying pitches;
varying pltChcS 111c1LIdlng a series of about 1:1 pitch dense openings, a
series of about 1:3 pitch dense openings and a series of about 1:5 pitch
iso-dense openings and wherein substantially none of the polymeric material
expelled from the about 1:5 iso-dense pitch openings during the second step
is returned to the about 1:5 iso-dense pitch openings during the fourth
step. 



49. The method of claim 3 3, wherein the series of openings have a ~nlidth
of less than about 0 35ym. '~ 0   50. The method of claim 33, wherein the
polymeric material has a viscosity of about 6cp. :~1 .As
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