0 2 NOV 2006 NOVEL METHOD TO M NI M ZE | SO- DENSE CONTACT OR VI A GAP o
FI LLI'NG VARI ATI ON OF POLYMERI C VATERI ALS IN THE SPIN COAT PROCESS FI ELD OF
- THE | NVENTI ON The present invention relates generally to fabrication of
integrated. <circuit devices, and nore particularly, to a nethod of
creating small geonetry dual - damascene structures whil e avoi di ng probl ens

of surface coating like gap-fill. 1 0 2 NOV 2006 BACKGROUND OF THE
| NVENTION It has al ways been challenging to fill polynmericlodlér?288s in the
" iso- dense contact or via with less filling variation. It was al so

challenging to etch the - dual damascene structures on top of via with
various pitches of via hole present in the chip. As showmn in Figs. 1A 1B
and 1C, bottom anti-reflective coating XBARCI 114; 124; 134 al ways
unevenly fills via openings 116; 126; 136 of different pitches like 1:1 of
Fig. IA 1:3 of Fig. 1B and 1:5 of Fig. 1C on the same wafer. It is noted
that the via opening densities of Figs. 1A 113 and 1C may be on differing

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 like gap-fill.



portions of the sane wafer 111. BARC has a tendency to fill to a greater
“degree in the iso-dense pattern vias 136 of Fig. |IC-conpared to dense
pattern via openings 116 of Fig. 1A wth the noderate density. pattern
vias 126 of Fig. 113 having BARC 124 filled via openi ngs 126 falling
between Figs. 1C and 1A as shown. During the subsequent %%r%@é\/ ?Wﬁh'

step of the dual danmascene process, it is difficult to opti e trench

etch recipe due to uneﬁ%rﬂmf< ﬁbfﬂﬂ f }\:11 6 116; 126; 136 within

the differing via ope d 1C of the wafer 111.
Uneven BARC 114; 124; 134 filling al ways cause either over etch of the
substrate 112; 122 132 due to less BARC fill 114 in dense via openings

116 as shown in Fi g. 1A or fence 7 02 NOV 2006 fornmation because of nore

BARC filling 1341 has sbralenbeevthaldpgih$gs fﬂlB@oRﬁn%@\fﬁateths FinGihe i dur i ng
trench etching. Both are undesirable for the idéal dual damascene process.

[ L e RYELORIEN: ofa SRA FOOTHRLONLIGUS! 1Y 8L ROV SRRt ) 1, ofierati on

speed of the device way's n & technol
manuf a tu tlng Wth a rapid devel opnment of an |ntegrated

rs are co
circui Lﬁaﬁ@é%enea‘?“f PSS AN oPE BacHHBuEriars pitdes @i dia hphr peistiicin
capaci tance between the
the chip.

| As shown in Figs. 1A, 1B and 1C, bottom anti-reflective coating
(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 densities of Figs. 1A, 1B and 1C may be on differing

portions of the same wafer 111.

BARC has a tendency to fill to a greater degree in the iso-dense
pattern vias 136 of Fig. 1C compared to dense pattern via openingé i16 of Fig. 1A
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 subs‘eqﬁent
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. 14, 1B and 1C of the wafer 111. Uneven BARC
114; 124; 134 filling always cause eithgr over etch of the substrate 112; 122; 132 due

to less BARC fill 114 in dense via openings 116 as shown in Fig. 1A or fence
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conductive lines are determned as two key factors anong all factors for
i'nfluencing the operation speed of the device. Accordingly; a netal |ayer
having a | ow resistance, such as a copper |ayer can substitute for an
-alum num | ayer used in the conventional nethod for reducing th% gd@. t ance
of the conductive line. Alow dielectric constant (k) mat er i &f N as a
| ow-k organic dielectric |layer can substitute for a silicon oxrde | ayer

used in fdm&m%h@@@fﬁé@@ﬁ%@?ﬂhﬁ dyrw c{i@xég%gaggé gﬁ@?ﬁ%}ﬁﬂgea

bet ween the conductive |ines. Genera
while a

metal inte ces relabllt andlowcost

mat eri al h F%g?’fﬁ 1”5%? elnﬁi eﬁﬁl B?l(i)ttrq]t%re Iresfoﬁélﬁe 1desi dual dymestaehieng
process for the netal. Therefore, this technl gque is widely applied to the
manuf act B¥&<8%. t he copper line to reduce the resistance of the conductive
line, and to further inprove the operation speed and 02 NOV 2006 quality
of the I1C device. As there is a demand for a high operation speed of the
device, fabricating the dual damascene with the lowk material |ayer has
been practiced inIthle r]iet all i nt erconnect process of the sem conductor
industry. Dual dafh$deHE'FEPHIEHAI ¢ s RYENdpficE B HAEEL POMIrOResent in
which, in addition to formng the grooves of single damascene, conductive
via’ open??@ﬁ@ﬁép&t@@fﬁw dedice Ass sihwans beerth gschrdfo@neh2Bll daGcBctor

damascene process requires
manufacturers are competing. With a rapid development of an integrated circuit

process, a resistance of a conductive line and a parasitic capacitance between the
conductive lines are determined ae two key factors among all factors for influencing
the operation speed of the deviee._ Accordingly, a metal layer having a low
- resistance, such as a copper layer can substitute for an aluminum layer used in the
conventional method for reducing the resistance of the conductive line. A low
 dielectric constant (k) material, such as a low-k organic dielectric layer can
substitute for a silicorr oxide layer used in the conventional method for reducing the

parasitic capacitance between the conductive lines.

Generelly, a dual damascene technique is a metal interconnect process
with a high reliability aﬁdllow 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
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two masking steps. Fig. 2Aillustrates that first, the via 144 pattern
within a lowk material layer 142 fornmed 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 curr?/rr;épg
practice of sem conductor manufacturing the liquid material s0ahy B
of ten deposited using either spin or spray coating nethods enploying a

coater c )] -cpater ,15Q as .sho in.Fig 3 having a resist arm 152
and a su g?@fv ngfzz e[?ﬁ%%]%oi%‘ gjeriéﬁ.a %a’&%rﬁ?gﬁt% PrEpipcRsefmy theocess
the sem conductor wafer to be processed is placed on a rotatable chuck and

hel d in prace HpricabneantheTHeak Haglesiene pdflethedowek byaicaial deiet haofbeaanes,
i ncl udi ng spin chuck and vacuum chuck. The spin chuck has a di aneter

sl i ght | ypteesised Hanthiehak0f intdieosedt: Gaadest of BE&hicohiBictd ; 096
waf er is positioned on the chuck sug}%{%t hat it is rfacsogll né()lnmgi%lsggglguaq

hori zont W Eth,the inactive surface, designated as the bottom in
cont act é/}\nértnﬁljriae%g 2 %15%1%“5%& el Pﬁ%l SPPESIEPIYUSSS i VR 18 addifiemtadorminge
desired solution. In standard systens the chuck is powered and rotated by
a not or . 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
referred 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
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In the spin coating process, the solution of specific quantity can be

di spensed onto the wafer froma supply nozzle prior to spinning the wafer,
which is referred to as static dispense or after the sem conductor wafer
has been set in notion, which is terned dynam c di spense. In either case
“after the solution has been dispensed onto the top surface,Gﬁh%ﬂVéW@r IS
spun at a constant speed to establish a desired relatively uniform

t hi ckness_of. .t he sol uti on,across th fer. _Once the.liquid. |ayer acquires
the r ol arrbery Palis SRaRELRRG: iR 1 e < Tt i ARG  opi
cycle allows the solvent in the solution to evaporate to produce a solid
fil mon wHe thafieprctispswideadesignpiast ag He Beftemi oncostadi spEndedctondkoande
wafer it is distributed uniformy over the surface largely as a result of

the raditab opipebitt el k@fa@f islcbardd Githdhe dueirt@ sElaplbhi fugahdantsdiads ks ces
created by the spinning of the wafer. The solution deposited on the wafer

goes thr . st Jduri the spin process, primarily due to
the fl ui%‘%ggﬁ"gﬁl&g’rsép% %a{i é%tag‘%?ﬁhé‘ I?Blpc%hi ng substrate. 5 02 NOV 2006 In the

conventional dual damascene process, to protect the via bottom during the
trench etch (Fig. 2B), the nost commonly used nethod is to conpletely fill
the via opening 144 of Fig. 2A wth BARC and than etch back BARC to gi ve

the - - 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 termed dynamic dispense. In either case after the solution has

been dispensed onto the top surface, the wafer is spun at aAconstant speed to

establish a desired relatively uniform thickness of the solution across the wafer.

Once the liquid layer acquires the relatively uniform and syﬁmetrical profile, the
remainder of the spin cycle allows the solvent in the solution to evaporate to

produce a solid film on the wafer top surface.

After the sblution 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 drag 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.



equally height filled vias 144. This |leads to extra steps and conplexity in
the process. The resist coater shown in Fig 3 nay be used in the
conventional, coating nethod for coating a BARC fil mon sem conduct or
wafer. Fig. 4 is a graph illustrating rotating speed (the y-aﬁEs%\y?@ﬁus
time (the x-axis) for a wafer in each step in the conventi onadl Ha g
nmethod to fill the vias with BARC prior to the trench process to formthe
dual damascene str cHure openi ng, BARC having, for exanple, a relatively

| ow vi scosity on tﬁﬂef Yrgaweptiopalgial dagnassere Popcess BaREotack thecviattiotigem The
wafer is held on the wafer chuck and the BARC is first dripped on a wafer

f rom t hedugspshe stuepphyetctozipe2Byhh¢ endsvicatimontyhgseM@bEio®ls @ dotMplete]
rotational speed of about 650 rpmas at 162. The BARC i s spread on the

whol e coafi : it he: o] S nds,k as, a ~ Next, 1he

dri ppi ngﬁ%ftﬂgx%éégﬁgﬁgfg%r%%ﬁéﬁ&lpﬁg‘ﬂ‘\%/a é?gictgla{’l&tc s %gﬁcﬂ? ZEEINRBs at
a rotational SE‘e%i otf_ acgout 5500 rpmas at 164, so that a BARC film having
~a desi r etyalivc Rty filleqt vigs 444, Thisghmdsi & furaedeps a0d2cnopladg6iThbe, a
rinse agent is sprayed fromthe cleaning nozzle for 10 to 20 seconds at a
rot ati onptocsgeed of about 2000 as at 166, and the back surface edge of

The resist coater shown'in Fig 3 may be used in the conventional

coating method for coating a BARC film on semiconductor wafer.

Fig. 4 is a graph illustrating rotating speed (the y-axis) versus time

(the x-axis) for a wafer in each step in the conventional coating method to fill the
vias with BARC prior to the trench process to form the dual damascene structure
opening. BARC having, for example, a relatively low viscosity on the order of 6 cp.

' is used for a BARC film coating. The wafer is held on the Wafer chuck and the
BARC is first dripped on a wafer from the resist supply nozzle, while rotating the
wafer at a low rotational speed of about 650 rpm as at 162. The BARC is spread oﬁ

the whole coating surface of the wafer for 2.5 seconds as at 162.

Next, the dripping of BARC is suspended, and the wafer is rotated for
20 seconds at a rotational speed of about 5500 rpm as at 164, so that a BARC film

having a desired thickness, i.e. e.g., of 600A is formed.

e



the wafer is cleaned. Thus, the coating step is term nated. Subsequently,
the process proceeds to the baking steps, where the residual solution in
the BARC is conpletely renoved. U S. Patent No. 6,251,487 Bl to Yonaha
describes a nethod for coating a resist film U S. Patent No. 4,741,926 to
‘White et al. describes a spin-coating procedure. U S. Patent No. 6,319, 821
Bl to Liu et al. describes a dual damascene process W th BARCyaRdy a
fill. - US. Patent No. 6,042,999 to Lin et al. also describes a dual
damascene process with BARC and via fill. 0 2 NOv 2006 SUMVARY OF THE

| NVENTI ON Accordingly, it is an object of the present invention to provide

a method to spin Ethat, Aripetywent & &hdayea Trémwadedcibinkendd M m.2iNg, &Ee gap
fill wvariation within a series of wafer openings having varying pitc

densi ti es.coibar 19RLARN S W . inafter. It.has pow been
di scovered that fhe agove@%%%jgfﬁggﬁbgﬁgﬁé%gk#éafﬁgdthe%mc surface edge of
the wafer is cleaned. Thus, the coating step is terminated. Subsequently, the process

proceeds to the baking steps, where 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. 4,741,926 to White et al. describes a spin-coating

procedure.

U.S. Patent No. 6,319,821 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 and via fill.
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present invention may be acconplished in the follow ng manner.
Specifically, a polyneric material filmis spin coated upon a wafer
rotatably nmounted within a spin coater using the follow ng four steps. A
first step of rotating the wafer on an axis perpendicular to the wafer
surface while applying a predeterm ned anmount of polyneric quﬁg%ghmyhile
rotating the wafer at a rotational speed of fromabout 300 to 1 rpm for
fromabout 2.5 to 5 seconds to spread the polyneric naterial on the whole
surface of the wafer. A s&ldMiM&adey QI THICINYMENTIQNe rot ati onal 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. A fourth step of increasing the rotational speed of the
waf er to about 550 -.aho ec s toformth ol ynmeric
mat eri al fiIn1haviga&gg%ﬁggéyg?hgﬁeége hP§§H%§§e% ﬁnyﬁggﬁﬁo%%Pgﬁﬁﬁﬁc% of
the wafer. 8 02 NOV 2006 BRI EF. DESCRI PTI ON OF THE DRAW NGS The present
i nvent i dReiqd t &Pk caalda RPYmemigetiin ov af wefart while foiniowizing desgap pfli on
taken in conjunction with the acconpanying drawi ngs in

variation within a series of 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
polymer.ic material film is spin coated upon a wafer rotatably mounted within a
spin coater using the féllowing 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 while 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 wafer. 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. 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.



which like reference nunerals designate simlar or corresponding el enents,
regions’ and portions and in which: Figs. 1A, 1B and 1C schematically
illustrate varying via opening filled densities on a wafer. Figs. 2A and
2B schematically illustrate the sequential formation of a dual danmascene
opening. Fig. 3 schematically illustrates a resist coater. Fig. 4 is a
graph of wafer rotational speed versus tine of a conventionha? NO&f 2886
coating nethod. Fig. 5 is a graph of wafer rotational speed versus tine of
the wafer ..coati.ng net hod of the present invention. 9 0 2 NOV 2006 Figs.

6A, 6B and 6C schematically illustrate varying via opening filled
densities on a wafer after the splash-out step of the present invention.

Figs. 7A, 7B and 7C s GREFERDESCRIPTIONSOF ISR THE X {&ia opening filled
densities on a wafer after the stabilrzaftion st‘e%p e present invention.
Figs. 8A and 8B schematically illustrate the inventor's proposed nechanism
of the splash-out and stabilization steps of the present invention.

The present invention will be more clearly understood from the
following description taken in conjunction with the accompanying drawings in
which like reference numerals designate similar or corresponding elements, regions-

and portions and in which:

Figs. 1A, 1B and 1C schematically illustrate varying via opening filled

densities on a wafer.

Figs. 2A and 2B schematically illustrate the sequential formation of a

dual damasceﬁe opening.
Fig. 3 schematically illustrates a resist coater.

Fig. 4 is a graph of wafer rotational speed versus time of a

conventional wafer coating method. -

. Fig. 5 is a graph of wafer rotational speed versus time of the wafer

 coating method of the present invention.



10 0 2 NOV 2006 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The

met hod of the present invention has been devel oped specially for bottom
anti-reflective coating (BARC) filling within via openings although one
skilled in the art will recognizes that other nmaterials may be used to fill
the via openings, as noted below, and that other structure nfly MI6dWbe
filled wwth such materials. The present invention relates to a coating
met hod for coati ngg; BARG i n.a waf er. having a dianeter of eight (8)
i nches by a spin gf)lgf"i ng ﬁ%%%gst?&hﬁﬁﬁa?gﬁhygﬂgﬁ REFTIA Y8 OfHePVQdfgiWCi hin
via openings. with less filling differences between different pitches of
the via HiSTga 2 trpdersadian th Splnshrutater of the plesent inecogoize that the
novel method of the present invention may be applied to wafers having

ot her diameters. The BARC (film in this specification refers to a w de
concept including all kinds of polymeric materials in spin-coat processes
and may preferabl i-reflective.cqating (TARC), flowable
dielectrics in spipr/%-g%ﬁiﬁegﬁé;%%&grklosggggfa%%au¥ ahﬂr%at%l(%@gl(lﬂﬁﬁﬁi opFnipg filled

pl anari zi ng. BARC (DUV 32-6 or NCA 32-6 available from N ssan Chenmical s),
i s mor e GEEitigsant ywatergpteribe stebilizadianatep o6 shd pes¢MAREEntiona conf or mal
BARC and is nost preferably a planarizi ng BARC

Figs. 8A and 8B schematically illustrate the inventor's proposed

mechanism of the splash-out and stabilization steps of the present invention.

10




(DUV 32-6 or NCA 32-6 available from N ssan Chem cals). 11 02 NOV 2006 In

tthe present invention, a novel nethod of polyneric materials coating has

been discovered. The present invention provides a novel technique to

m nimze the polymeric material - filling variations in via openln %

contact holes through all the pitches. As shown in Fig. 5,

waf er .rotational speed versus tinme, a novel high rpm spl ash out step in

conmbi nation wi th a novel stabilization step are incorporated to mnimze

i so-dense contHeARLER RESCRIPITON, QK FHFRPREFERRAD EMBOIRIMEN  al |

references to BARC include all kinds of polyneric materials used in

spi n-coat processes as noted above. The First Step 72 In the first step 72

as shown in Fig. 5 a predeterm ned amount of the BARC is dripped on a

~wafer 11 while all erotat dat a rot at i onal
speed of about 650?%%% bggloabﬂf]g%f%rr#a nthoé"OlE?S h%?ﬁdo%’ﬁé g™ upon

the pol yrrer Vi scos[ﬂﬁé density and _anount of filli ng reqw red in via

openi ngsPHLIBsyntiEakkstive sprtaal (BARCO fiHmavdtlinsvief apeniofs taithongherndl for

about 2.5 seconds (variable fromabout 2.5 to 5 seconds al so dependi ng

upon t heskpldédyierthe art will recognizes that other materials may be used to {ill 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 BARC film is filled within via openings with less filling differences
between diffefent 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
pl."eferablylbe a top anti-reflective coating (TARC), flowable dielectrics in spin-on-
glass process, conformal BARC (AR3) or a planarizing BARC (DUV 32-6 or NCA
32-6 available from Nissan Chemicals), is more preferably a top anti-reﬂéctive
coatipg (TARC) or a conformal BARC and is most preferably a planarizing BARC

(DUV 32-6 or NCA 32-6 available from Nissan Chemicals).

11




12 0 2 NOV 2006 viscosity and density). The dripping of the BARC is
suspended at the tine whén the BARC is evenly spread on the whol e surface
of the wafer 11. The BARC fills the varying pitches of via openings/holes
in a manner simlar to that shown in Figs. 1A 1B and 1C. The Second,

Spl ash-Qut Step 74 In the second step 74 as shown in Fig. 5, OReNGOIEP

spl ash-out step 74, the rotational speed of the wafer 11 is increased from
the 650 rpmrotati .Speec Lhe first ste 2 to.about 5500 rpm for
about 2.5 seconds &F?htﬂggﬁg?tg%ﬁéﬂg?ht?dH?mﬁfﬁgﬁgﬁkéﬁd?O Pica¥himterialst ep
74 is used to renpve the BARC filling the via openings/holes. The

spl ash- otRatiigehasheen giscpeered; thheapresamiriaventien Wrbvidgswenadsergenigabftect s
by drying out the BARC inside the via openings/holes before stabilization.

As showngriifinfizg $he §61wﬁ&i@ﬂfﬁt@1€altflﬂﬁn§Q%?ﬁ@ioﬁ@ ln?? E%ﬁgésniégg Ba%%o%%%\;ﬁéles BARC

to be expelled fromthe respective via openi ngs
respectively, upon the etched substrate 12,

resting ,,as._a v 4", 34",
22, 32 a%Fgggh@ﬁﬁhgp%Fggbective vi a openi ngs/ holes 16, 26, 36. This reduces
the amount of BARC IT, 24", 34' remaining within the respective via
openi ngs/ holes 16, 26, 36. 13
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

- BARC 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 in via
openings/holes). BARC is spread on to the whole surface of the wafer 11 for about

2.5 seconds (variable from about 2.5 to 5 seconds also depending upon the polymer

12



02 NOV 2006 The Third, Stabilization Step 76 In the novel third,
stabilization step 76 as shown in Fig. 5 the rotational speed is | owered
fromthe second splash-out step 74 rotational speed of about 5500 rpmto
the first step 72 rotational speed of about 650 rpm (variable f %%]nﬁ out
300 to 1200 rpm dependi ng upon the pol yner viscosity, density

of filling required in via openings/holes) for about 2.5 seconds. As shown

in Figs. vy 76 _ser,ves to resettle an
anount of Ys'r%gsslgfggit%?sigﬁgf%)thﬁ gﬁgﬂ%&%ﬁ hggﬁéé% USBF“§F§§ teaimg v henitise
back wi t% r]gi\he re ectl ve via ogenl ngs/ hol es 16, 26, 36, with a greater
~anmount o A F?Ce‘f‘é‘ PP’FEiaﬁIQOI} ey Om&femfﬁhhwfasﬂl n Fig. 7A, less in the
"l ess dense pitches as in Fig. 7B and essentially none in the iso-dense
pitches as in Fig. 7C, thus serving to greatly equalize the |evel of BARC
filling across the range of pitches of the via openings/holes. The Fourth
Step 78 In the fou rotatlonal p d.of the third, stabilization
step 76 is increa;ﬁelg stiﬁ@ fﬂﬂ (}Jlgté"‘rur’T’inrge}Ell Vé%ape%%éz heles ima marier 11
which is . determ ned froma correl ation of the wafer 11 which regul ates the
t hi cknesé&giartpdhayshown in Figs. 1A, 1B and 1C.

The Second, Splash-Qut Step 74

In the second 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 rpm rotational speed
~of the first step 72 to about 5500 rpm for about 2.5 seconds with higher acceleration.
T_he second, splash-out, step 74 is used to remove the BARC filling the via
openings/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. This reduces the amount of. BARC 14", 24",

34" remaining within the respéctive via openings/holes 16, 26, 36.



02 NOV 2006 BARC film For exanple, the wafer 11 is rotated for about 20
seconds at a rotational speed of about 5500 rpm so that a BARC fil m 18,
28, 38 having a desired thickness,  i.e. e.g., of about 600A is fornmed. The
Fifth Step 80 In a fifth step 80, a rinse agent is sprayed fromthe

cl eani ng nozzle for about 10 to 20 seconds, and the back surf 80¥ 2gbige of
the wafer 11 is cleaned. Thus, the coating step is term nated.
Subse_queﬂtléyhl‘rah%%i 105858 RLOS eds to the baking steps, where the residual
sol ut i o1 the—BARCt+s—¢tot ely renmoved. In the present invention,
during the first step, the BARC is spread on the whole surface of the
wafer 11 by allowing the wafer 11 to be rotated at a low rotational speed
whil e dripping the BARC on the wafer 11 in the same nanner as the
conventi on nethod.inThe nexel Bt S p oyt

conbi ned W|th the novel third, lﬁgtssat%llsﬁﬁé{a?ﬁlosﬁ tepa% L}?@D H‘ @PB
expl ai ns nci Q] _ ism_the inventor believes to be beh| nd this
net hod. rBu?s ‘E Fﬁ‘éetﬁb%/ W‘Hﬁgﬁn?%’rﬁb@pftea% d spipshspptem 7€ netadimsahspefd BARC
renmoved from dense pitch via openings/holes 16 (Fig. 8A) or iso-dense

pi t ch viaoop&hdhysitoltbs f36 ((&p §2 r8B)idmal sprel dutbdul 66bepeagriable from

about 300 to 1200 rpm depending upon the polymer viscosity, density and amount

of filling required in via openings/holes) for about 2.5 seconds.

As shown in Figs. 7A, 7B and 7C, the stabilization step 76 serves to
resettle an amount of respe;tive expelled 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
BARC re- flllmg in the denser pitches as in Fig. 7A, less in the less dense pitches as
in Fig. 7B and essentially none in the iso-dense pitches as in Fig. 7C, thus serving to
greatly equalize the level of BARlC filling across the range of pitches of the via

openings/holes.

‘The Fourth Step 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 which is

- determined from a correlation of the wafer 11 which regulates the thickness of the

14
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15 02 NOV 2006 of the dense pitch the expelled/ removed BARC refills the
~via openings/holes 16 again. In the case of the iso-dense pitch, the
excessi ve anmount of the BARC is spun- off fromthe wafer 11 because of no
~nearby via openings/ holes 36 to fill back into. The splash-out step 74 is
followed by the stabilization step 76 to fine tune the re-fill2N®g 286 t he
vi a openi ngs/ holes 16, 26, 36. The splash-out step 74 tine is critical.

- More ti 2Pl i ve adver effect_by drying out the BARC inside the via
openi ngaMerddm &'of GBI BBe SR L Recibind Saebont €1 epores atneoritiosel and
fourth steps 72, 78 control the height of filling of the BARC polyneric
mat er i alpepd of hbovt B5Wpgmngsthiat e ABC filoh €8, 2% 3826vi36a Rshb@RBiknsei n
speed in the first step 72 during dispensing of the BARC on the wafer 11
wll  aljlowgf jA bd the via openings/ contact holes 16, 26, 36.
The novel_glégﬁgbgggﬁggk?gggngﬁép 74 and the third stabilization step 76
control the gap filling height wvariation across different pitches of the
vi a openi ngs/ contact holes 16, 26, 36. Further processing may then proceed
to formsmal | -di mensi on dual damascene structures that provide '
ant i - r efThechiftheStep80i ng advant ages when using BARC, while at the sane tine
avoi di ng conventional problens of poor anti- reflective coating on the
surface of the openings of the dual damascene structures-

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. Subsequently, the process proceeds to the baking

steps, where the residual solution in the BARC is completely removed.

In the presentrinvention, during the first sfcep, the BARC is spread on
the whole surface of the wafer 11 by allowing the wafer 11 to be rotated at a low
rotational speed while dripping the BARC on the wafer 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 amounf 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



16 02 NOV 2006 Experinmental Results ACT 8 TEL TRACK was used to coat

‘pl anari zi ng BARC on via openings/ contact holes on Black D anondTM waf ers.
The depth of the via openings/contact holes depth in this experinent was
10, 0O00A. The foll owi ng experinental data gives the height/performnce of
“the BARC fill in the via openings/ contact holes. Al the nepzHognBm s are
in Angstronms (A) for the 1:1, 1:3 and 1:5 via pitches for the new coating
met hod (Table [1A) and for the conventional BARC coating method (Table 1B).
Tabl e | Af thingpase BRRT the sxpaliedvitehoey aof BARC pelietite viv epthions/Rbleghsof 1: 1
1:3 1:5 Difference of Difference of 1.5 Difference of 1:5 Vias 1:3 toll

to-11 takaid. 11BARG-B00R H300-AER0 piaA0HEEAR B0 AhRISHoANd B 2 QY 2006

off from the wafer 11 because of no nearby via openings/holes 36 to fill back into.

The splash-out 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 drying out the BARC inside the via-

openings/holes 16, 26, 36 before the stabilization step 76.

The first and fourth steps 72, 78 éontrol the height of filling of the |
| BARC/polymeric materials in the via openings/contact holes 16, 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 poér anti-

. reflective coating on the surface of the openings of the dual damascene structures.

16



Table 1B - Conventional BARC coating Method Pitch of 1:1 1:3 1:5 Difference
of Difference of 1:5 Difference of 1:5 Vias 1:3 toll to 1:1 to 1:3 BARC
4630 6760 7920 2130 3290 1160 height A As denonstrated in the above
tables, the via gap filling difference by wusing the nethod of the present
invention between the 1:3 to 1;1 pitches was reduced by about 850A; the
via gap filling difference between the 1:5 to 1:1 pitches wd< Kedatléd by
about 1490A and the via gap filling difference between the 1:5 to 1:3

pi t ches HepgenimdutedRebylimbout 660A. Advant ages of the Present |nvention The
met hod of the present invention provides a unique nmethod to mnimze

i so-dense contact or via gap filling variation of polyneric materials in
the spin coat process and mnimzes the via BARC filling variation in the
dual damascene pr . e. o ntional methods for full via filling need
an addi ti onal BAR%‘&gf%th?rcwﬁé)%ﬁcWéén‘i‘ﬁ?& & €198t t lanatininge B4R tare via
processing time and conplexity. Further, the etching steps are nore

chal | engbpgnifigs/ qoméaat ohvkent bon&lackmidihogsdiMd wLdeal TReUléSthednnNAle ke,

obt ai ned. The met hod of the present invention :

openings/ contact holes depth in this experiment was 10,000A.

The following experimental data gives the height/ performance of the
BARC fill in the via openings/contact holes. All the measurements ére in
Angstroms (A) for the 1:1, 1:3 and 15 via pitches for the new coating method (Table

1A) and for the conventional BARC coating method (Table 1B).

Table 1A - Novel BARC coating method of the present invention.

Pitchof| 1:1 | 1:3 | 1:5 | Difference of |Difference of 1:5] Difference of 1.5
Vias 1:3 tol:1 tol:1 “tol:3
BARC |[3000 | 4300 | 4800 1300 1800 500
height '
A

17



the conplexity of BARC etching and reduces the additional process
;tegggtas 18 02 ﬁg\/ 200% For- dual damascene openings smaller-than 0.35Eim a
conventional bottomanti-reflective coating (BARC) coating nmay be appl i ed
in accordance with the method of the present invention to pqé)ﬁvﬁ&t
bot t om stop |ayer 10, 20, 30 and preventing punch-through o tom
stop layer 10, 20, 30 during the trench etch process. Wile particular

enbodi ments of the pre tion have been illustrated and descri bed,
it is not intended to Isf?ﬁ?t]‘fig gf]l’ﬁ\?gﬂppaﬁ A@Qc%ﬁﬁmgsl\/lﬂﬂwdled by the

follow ng clains. 19 _02 NOV 200 Clainms 1. A nethod for spin coating a
pol yneri c matishicdl] 1ill mubonls |viafferenas off pblferemandreds Vﬂ)ffﬁh’éh c?ﬁlé‘
coater; thg Wiker (havihg a| 5 SLlrchgatollpcl idi ngtotlﬁs st eps of irdt step

H £ £ b f o .—.. V\h| | e
of rotating gReahesy Pry & A%hHS Per dicurar—t he—wafer—sdiface
applying a plgggé?rrsﬁ)na ann??t of pﬂ%grrerl 3290 1160

T

As demonstrated in the above tables, the via gap filling difference by
using the method of the present invention between the 1.3 to 11 pitches was
reduced by about 850A; the via gap fllhng difference between the 1:5 to 1:1 pitches
was reduced by about 1490A and the via gap filling difference between the 1:5 to

1:3 pitches was 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 via gap fﬂﬁng variation of polymeric materials in the
spilj coat process énd 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 preseﬂt invention

reduces the complexity of BARC etching and reduces the additional process steps.
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material while rotating the wafer at a rotational speed of from300 to

1200 rpmfor from2.5 to 5 seconds to spread the polyneric material on 10
t he whol e surface of the wafer; a second step of increasing the rotational
speed of the wafer to 5500 rpmfor 2.5 seconds; a third step of decreasing
‘the rotational speed of the wafer to 300 to 1200 rpm for 2.k-5gR08gs; and
15 a fourth step of increasing the rotational speed of the ma?er to 5500
rpmfor 20 seconds to formthe polyneric material filmhaving a

predet ermi ned t hi dionedunl odamastepewbptrengsshadler chah E3MBHER; coMieRE0RA] t he
waf er includes a series of openings that are partially filled with the

pol ymer ket @ntiadefled@ve BoAiNOMB i | wherein the
polynmeric material is a top anti3?2?fgéFpggﬁggg%Fﬁgﬂ%%%ﬁi§%ﬂ%%%&%ﬁﬂ%§%

di el ectryj ' i-nron- glass process, confornal bottom anti-reflective
coati ng d(‘ézfﬁlf)ﬂg‘? %5 th% Pé%‘%}i?il?‘ﬁ%tg%\  protect t e%%ttom 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
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.
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3. The method of claim1l1l, wherein the polynmeric material is a top
anti-reflective coating (TARC) or a conformal BARC. 4. The nethod of claim
1, wherein the polyneric material is a planarizing BARC. 5. The net hod of
claiml1, wherein the polyneric material filmis an anti-reflective coating
or a bottomanti-reflective coating. 6. The nmethod of claim1, wherein the
predeterm ned thickness of the polyneric material filmis 600A. 7. The

met hod of claim 1, wherein the wafer is rotated at a rotati®aaN0spied of
650 rpmfor 2.5 seconds in the first step. 8 The nmethod of claiml,
wherein the rotational speed of the third step is 650 rpm 21 02 NOV 2006
9. The method of claim1, includindlifi$th step of applying a rinse agent
to the wafer. 10. The nmethod of claim1, including a fifth step of applying
a rinse agent to the wafer for from 10 to 20 seconds.

1. A method for spin coating a polymeric material film upon a

wafer rotatably mounted within a spin coater; the wafer having a
5 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 rotating the wafer at a rotational speed of from 300 to
1200 rpm for from 2.5 to 5 seconds to spread the polymeric material on

10 the whole surface of the wafer;

a second step of increasing the rotational speed of the wafer to
5500 rpm for 2.5 seconds;

a third step of decreasing the rotational speed of the wafer to 300
to 1200 rpm for 2.5 seconds; and

15 a fourth step of increasing the rotational speed of the wafer to
5500 rpm for 20 seconds to form the polymeric material film having a

- predetermined thickness over the whole surface of the wafer; wherein
the wafer includes a series of openings that are partially filled with the

pol_ymeric material.

20



11. The nmethod of claim1l1, including the steps of: a fifth step of applying
a rinse agent to the wafer; and a sixth step of baking the wafer. 12. The
met hod of claim1, wherein the wafer includes a series of openings having
varying pitches; the series of openings having varying pitches being
partially filled with polynmeric material. 13. The nmethod of claim1l
wherein the wafer includes a series of openings having varyOgNBY 2bes:
the series of openings having varying pitches being partially filled with
a substantially equal depth of polyneric material in each of the varying
pitch openii2gs. The Methoet bbdlaiin d, avheteintier poliytrieeicvataterialdsudes a
series of openings having varying pitches; the series of openings having
varyi ng @téphastiheflegtiver toatihy (TARC), MdWable ulislanticalinyspagor® 2 NOV
2006 equal” depth of polyneric material in each of the varyi'ng pitch

openi ”gsglagé“i)r%%ékésc@ﬁf&?ﬁﬁi BAIRY hAG-A e G %Baltﬁﬁ (B?ﬁf’CQ-O?ISQm
planarizing BARC.

3. The method of claim 1, wherein the polymeric material is

a top anti-reflective coating (TARC) or a conformal BARC.

4.  The method of claim 1, wherein the polymeric material is
a planarizing BARC.
5. The method of claim 1, wherein the polymeric material

film is an anti-reflective coating or a bottom anti-reflective coating.

6. The method of claim 1, wherein the predetermined

thickness of the polymeric material film is 600A.

7. The method of claim 1, wherein the wafer is rotated at a

rotational speed of 650 rpm for 2.5 seconds in the first step.

8. The method of claim 1, wherein the rotational speed of

the third step is 650 rpm.
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15. The nmethod of claim1l, wherein the polynmeric material has a viscosity
of 6¢cp. 16. A nethod for spin coating a polyneric material filmupon a
waf er rotatably nmounted within a spin coater; the wafer having a surface,
including the steps of: a first step of rotating the wafer on an axis

perpendi cular to the wafer surface while applying a predet .iﬂﬁ’d unt
of polynmeric material while rotating the wafer at a rotatiggg} sp%@@oof

from300 to 1200 rpmfor from2.5 to 5 seconds to spread the polyneric
material on the whole surface of the wafer; a second step of increasing
the rotationd. spdéw oiethioel ohtkrim d, isdoclingm fitth 2tep ebappdgingat hi rd
step of decreasing the rotational speed of the wafer to 300 to 1200 rpm

for 2.5 isaseadent dofthert/bfat ep of increasing the rotational speed of the
wafer to 5500 rpmfor 20 seconds to formthe polymeric material film
having a predeterm ned thickness over the whole surface of the wafer; and

10.  The method of claim 1, including a fifth step of applying a

rinse agent to the wafer for from 10 to 20 seconds.

11.  The method of claim 1, including the steps of:
~ a fifth step of applying a rinse agent to the wafer; and

a sixth step of baking the wafer.

12. 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 polymeric material.

13. The method of claim 1, wherein the wafer includes a
series of openings having varying pitches; the series of openings
having varying pitches being parﬁally filled with a substantially
equal depth of polymeric material in each of the varying pitch

openings.

14. 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
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02 NOV 2006 a fifth step of applying a rinse agent to the wafer for from
10 to 20 seconds; wherein the wafer includes a series of openings that are
partially filled with the polynmeric material. 17. The nethod of claim 16,
wherein the polyneric material is a top anti-reflective coating (TARC),
flowabl e dielectrics in spin-on- glass process, confornal Bﬁ%ﬂ@{/ '2@06

pl anari zing BARC. 18. The nethod of claim 16, wherein the p i
material is a top anti-reflective coating (TARC) or a conformal BARC. 19.
The met hod of claim 16, wherein the polynmeric material 1is a planarizing
BARD. 2@quile degtthodfopolymianid nathdabi in tdaehpaify tkei vanpirey ipitchfil mis
an anti-reflective coating or a bottomanti-reflective coating. 21. The
met hod @fpaiiaien; Uee s@h@sejfrb?éteiﬂgseldﬁﬁfgrhnmﬂﬂhbﬂ@s@&ha@ﬁ 0BBemol yneric
material filmis 600A. 22. The nethod of claim 16, wherein the wafer is
rotated at a rotational speed of 650 rpmfor 2.5 seconds in the first
step. 24 0 2 NOV 2006

15.  The method of claim 1, wherein the polymeric material |

has a viscosity of 6cp.

16. A method for spin coating a polymeric material film upon
a wafer rotatably mounted within a spin coater; 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 rotating the wafer at a rotational speed of from 300 to
1200 rpm for from 2.5 to 5 seconds to spread the polymeric material

~on the whole surface of the wafer;

a second step of increasing the rotational speed of the wafer to
5500 rpm for 2.5 seconds;

a third step of decreasing the rotational speed of the wafer to

| 300 to 1200 rpm for 2.5 seconds;

a fourth step of increasing the rotational speed of the wafer to
5500 rpm for 20 seconds to form the polymeric material film having a

predetermined thickness over the whole surface of the wafer; and
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23. The nethod of claim 16, wherein the rotational speed of the third step
is 650 rpm 24. The nethod of claim 16, including a sixth step of baking
the wafer. 25. The nmethod of claim 16, wherein the wafer includes a series
of openings having varying pitches; the series of openings having varying
pitches being partially filled with polymeric material. 26. The nethod of
claim 16, wherein the wafer includes a series of openings Hawmo@ryi ng
pitches; the series of openings having varying pitches being partially
filled wwth a substantially equal depth of polyneric nmaterial in each of
the varying pififth stepeof applylvg aTtinseretgeod tof thel wiafet 6or whemel® tohe waf er
includes a series of openings having varying pitches; the series of

openi ngL( Seatrids;vahtrath fheclaseddidladesr d isakley o bpeaimis that are
substantially equal depth of polyneric material in each of the varying

pi t025 WW%‘%WQHW@@WE%&M[ ng a width of |less than 0.35p

m

17.  The method of claim 16, wherein the polymeric material
is a top anti-reflective coating (TARC), flowable dielectrics in spin-on-

- glass process, conformal BARC or a planarizing BARC.

18. The method of claim 16, wherein the polymeric material

is a top anti-reflective coating (TARC) or a conformal BARC.

19.  The method of claim 16, wherein the polymeric material

~ is a planarizing BARC.

20. The method of claim 16, wherein the polymeric material

- film is an anti-reflective coating or a bottom anti-reflective coating.

21. The method of claim 16, wherein the predetermined

thickness of the polymeric material film is 600A.

22. The method of claim 16, wherein the wafer is rotated at a

rotational speed of 650 rpm for 2.5 seconds in the first step.
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28. A.nmethod for spin coating a polyneric material filmupon a wafer
rotatably nmounted within a spin coater; the wafer having a surface with a
~series of openings having varying pitches, including the steps of: a first
step of rotating the wafer on an axis perpendicular to the wafer surface
whi | e appl ying a predeterm ned anmount of polynmeric materi al I |l Ot ati ng
the wafer at a rotational speed of from300 to 1200 rpmf@rﬂ“ .5to 5
seconds to spread the polyneric material on the whole surface of the wafer
and partially filling the series of openings having varying pitches with

t he pol ymeri @3mat diheatnethosk obmdaineld,ovhereirdbenptabonadtspiecshaf speed of
the wafer to 5500 rpmfor 2.5 seconds to expel a portion of the polyneric

mat er i althewhifd tgmp 55365@313@5_ openi ngs having varying pitches; a third step
of decreasing the rotational speed of the wafer to 300 to 1200 rpmfor 2.5

seconds to return sone of the expelled portion of the polyneric material
back to sone of the series of openings; and a fourth step of increasing the

ol orort e o el PRt he ' Saird X ERRls X niEERED BRI nhol o
surface pof the wafer.
the water.

25. The method of claim 16, wherein the wafer includes a
series of openings having varying pitches; the series of openings

having varying pitches being partially filled with polymeric material.

26. The method of claim 16, 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.

27. The method of claim 16, 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; the series of openings having a width of less than 0.35um.
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29. The nethod of claim 28, wherein the polynmeric material is a top
anti-reflective coating (TARC), flowable dielectrics in spin-on- glass
process, conformal BARC or a planarizing BARC. 26 0 2 NOV 2006 30. The
nmet hod of claim 28, wherein the polyneric material is a top
anti-reflective coating (TARC) or a conformal BARC. 31. The neth of claim
28, wherein the polyneric material 1is a planarizing BARC. 0 3 N0V et hod

of claim 28, wherein the polyneric material filmis an anti-reflective
coating or a bottomanti-reflective coating. 33. The nmethod of claim 28,
wher ei n t he pSedet’ernethed for spitesoabihg apqlyhyene neatexialrfibin Wpdm i s 600A.
34. The nethod of claim 28, wherein the wafer is rotated at a rotational
speed ofa Godferprothtably. meeckrb svithit kespin soaségthe3tvaféhehadiniod of claim

28, wherein the rotational speed of the third step is 650 rpm 36. The
met hod Qfurfadd WHE, a I5e¢ddop DrbrlinsMhat i Afarg@REYpitehes, 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 rotating the wafer at a rotational speed of from 300 to
- 1200 rpm for from 2.5 to 5 seconds to spread the polymeric material
on the whole surface of the wafer 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
5500 rpm for 2.5 seconds to expel a portion of the polymeric material
with the series of openings having varying pitches;
a third step of decreasing the rotational speed of the watfer to
300 to 1200 rpm for 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

5500 rpm for 20 seconds to form the polymeric material film having a

predetermined _thickness over the whole surface of the wafer.

29.  The method of claim 28, wherein the polymeric material
is a top anti-reflective coating (TARC), flowable dielectrics in spin-on-

glass process, conformal BARC or a planarizing BARC.
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arinse agent to the wafer. 37. The nethod of claim28, including a fifth
step of applying a rinse agent to the wafer for from 10 to 20 seconds. 27
02 NOV 2006 38. The nethod of claim 28, including the steps of: a fifth
step of applying a rinse agent to the wafer; and a sixth step of baking
the wafer. 39. The nethod of claim 28, wherein the varying pitches of the
series of openings range fromiso-dense to dense. 40. The QetNOWI2006 cl ai m
28, wherein the varying pitches of the series of openings range from

i so-dense to dense and wherein substantially none of the polyneric

- material expdll ed Theomaethodl efisdaimi 28 hwipaeimdhedpolymgetrivensdeciad step is
returned to the dense pitch openings during the fourth step. 41. The

met hod @f _acﬂo%j ahSrefldelwt foating@TARA)NGH adenfermesdBARQS openi ngs having
varying pitches; varying pitches including a series of 1:1 pitch dense

openings, a series of 1:3 pitch dense openings and a series of 1:5 pitch
i so-dense openi ngs.

31. The method of claim 28, wherein the polymeric material

is a planarizing BARC.

32. The method of claim 28, wherein the polymeric material

film is an anti-reflective coating or a bottom anti-reflective coating.

33. The method of claim 28, wherein the predetermined

thickness of the polymeric material film is 600A.

34. The method of claim 28, wherein the wafer is rotated at a

rotational speed of 650 rpm for 2.5 seconds in the first step.

35. The method of claim 28, wherein the rotational speed of

the third step is 650 rpm.

36. The method of claim 28, including a fifth step of applying

“arinse agent fo the wafer.

37. The method of claim 28, including a fifth step of applying

a rinse agent to the wafer for from 10 to 20 seconds.
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42. The nethod of claim 28, wherein the wafer includes a series of

openi ngs havi ng varying pitches; varying pitches including a series of 1:1
pitch dense openings, a series of 1:3 pitch dense openings and a series of
1:5 pitch iso-dense openings and wherein substantially none of the
polynmeric material expelled fromthe 1:5 28 02 Nov 2006 iso-dense pitch
openi ngs during the second step is returned to the 1:5 isgfmngeggm tch
openings during the fourth step. 43. The nethod of claim 28, wherein the
series of openings have a width of |ess than 0.35pm 44. The method of
clai m 28, wh&8ei n Theenrmihyaeof claiat 28j alclubdisgdheistepsiofy of 6cp. 29

a fifth step of applying a rinse agent to the wafer; and

a sixth step of baking the wafer.

39. The method of claim 28, wherein the varying pitches of

the series of openings range from iso-dense to dense.

40. The method of claim 28, wherein 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 pitch

openings during the fourth step.

41. The method of claim 28, wherein the wafer includes a
series of openings having varying pitches; varying pitches including
a series of 1:1 pitch dense openings, a series of 1:3 pitch dense

openings and a series of 1:5 pitch iso-dense openings.

42.  The method of claim 28, wherein the wafer includes a
series of openings having varying pitches; varying pitches including
a series of 1:1 pitch dense openings, a series of 1:3 pitch dense

- openings and a series of 1:5 pitch iso-dense openings and wherein

- substantially none of the polymeric material expelled from the 1:5
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02 NOV 2006

iso-dense pitch openings during the second step is returned to the 1:5

iso-dense pitch openings during the fourth step.

43. The method of claim 28, wherein the series of openings

have a width of less than 0.35um.

44. The method of claim 28, wherein the polymeric material

has a viscosity of 6cp.
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