;e3e|jJ@vT_pa NOVEL METHOD TO M NI M ZE | SO DENSE CONTACT OR VI A GAP

FI LLI NG VARI ATI ON OF POLYMERI C MATERI ALS I N THE SPI N COAT PROCESS FI ELD OF
THE | NVENTI ON The present invention relates generally to fabrication of
integrated circuit devices, and nore particularly, to a nmethod of creating
smal | geonetry dual damascene structures while avoiding problens of surface
coating like gap-fill. 1 BACKGROUND OF THE I NVENTION It has al ways L~een
challenging to fill poll=neric materials in the iso df ML or via
with less filling variation. It was also challenging t memmm

c.~l amascene structures on top of via with various pitches %szla hol e
present in the chip. As shown in Figs. 1A, 1B and 1C, BARC 13 124; 134

al ways 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 sane wafer. It is
noted that the via opening d~nsltiea of Fibs. 1A, 16 and 1C nw be on
differing portions of the sanme wafer 111. BARC has a tendency to fill to a
greater degree in the iso-dense pattern vial 136 of Fig. 1C conpar ed to
dense pattern via openings 116 of Fig. 1 Awith the noderate 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 danascene process, it is difficult to optimze the trench etch
reci pe due to uneven Filling of the via openings 116; 126; 136 within the

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.
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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 Qpenl ngS
116 as shown in Fig. 1A or fence 7 formati on because of nore 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

cl evcl opnent of sem congug, i i in open ation speed
of the dev ice has al vva%% RGR ofuddies j em conduct or manuf
actur ers ar a conpeting. Wth a rapid devel opnent of an integrated circuit
pr ocess, a resistance of a conductive line and a parasitic capacitance

bet ween the conductive lines are determi ned as two key factors anong al
factors for infludnbnglwhes oper ahbbamg@pgead fill pohendevimeteriAtcor tiengby, a
netal lay er having a | ow resi stance, such as a copper |ayer can substitute
for an unj r; L tdhe L <t for r ing the
rosi ot anserer oS aT s iiRe Hrsudi Rl PR b e Y e
material, such as a lowk organic dielectric |ayer can substitute for a

si | i con il demasgene siseeiures PhOR GhVENTIIEnERTIRet REEhesH! Yiadirle Reesens in
parasitic capacitance between the conductive lines. Generally, a dual
damascenfetchihni que is a netal interconnect process with a high reliability
and | ove cost, while a material selection for the netal interconnect is not
limted by etching process for the netal. Therefore, this technique is

w dely applied to the manufacture of the copper line to reduce the

resi stance of the conductive line, and_to further inprove the operation
speed and 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

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 openings 116 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 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 densitics 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 in dense via openings 116 as shown in Fig. 1A or fence
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quality of the I1C device. As there is a demand for a high operation speed
of the device, fabricating the dual damascene with the | o~n~-k materi al
ayer has been practiced in the nmetal interconnect process of the

sem conductor industry. Dual damascene is a nmulti-Ilevel interconnection
‘process in which, in addition to form ng the grooves of single damascene,
conductive via openings are also formed. As shown in Figs. 2A and 2B, the

dual da scene ocess u ng. st 2A | strates that
first e U RET bR P PR T Rk hiabeFge vibar T0ab 1 PE Rk Goer o
substrate 140 is etched. Fig. 2B that second, the trench 146 pattern for

t he condinckigyvéClduresg &reech etanedg dbaherre hmd;eespleletfoveheetdﬂaédua darbagiene
pattern. In the current practice of sem conductor manufacturing the liquid
mat eri al §,f%6; Nost often deposited using either spin or spray coating

met hods enpl oying 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 sem conductor wafer to be processed
is placed on a rotatable chuck and held in place by vacuum The chuck is
referrccl to by a lathetdevolfopmaergsof berolaridngtos pindustiye knaimap searetnemt dhuck
The spin chuck has a dianeter slightly less than that of the sem conductor

waf er . ngetat%fsgfeeﬂ%ﬂ:tﬁ@'drek%%s alQRyk ek BUSKSAIEEy thAL all Eerh?coh@%%id}g in
a |l evel rizont plane wth the inactive surface, deS|gnate as

bottom in contact with the chu nd t he site sur_fac s coated
¢ he SR &SI e SHPaL e (s d B fERGOPHENE R PueRtie SHea d
rotated by a notor. In the spin coating process, the solution of specific

quant i t ypcameshen despensedi entomduics vedirer afid anparasitisptapanisaudeebgimicen the
spinning the wafer, which is referred to as static dispense or after the

sem Condugh @hctWa 1BRes 88 RREGHRREY akBwo key factors among all factors for influencing

the operation speed of the device. 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 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 low 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



notion, which is terme~-1 dynam c di spense. In either case after the

sol ution has been c-lispensec-1 onto the top surface, the wafer i s spun at
a constant speed to establish a desired relatively uniformthickness of the
solution across the wafer. Once the liquid |ayer acquires the rel atuely

uni formand symretrical profile, the remainder of the spin cycle allo~n~s
the solvent in the solution to evaporate to produce a solid filmon the
wafer to rf . ter.the s I ' i nse nto. t fer. it,is
distribuﬁ%%ﬂﬁﬁgganﬁ;C§%5¥htfﬁﬁgﬁ%fggé%%ggﬁéﬁ§rgg%ggﬁégﬂﬁpggpﬁFﬁg(#Jﬁﬁa
distribution of the liquid due to centrifugal and dr ag Forces created by

t he spi nd¢vigeofabeisatingf e, dapk daglagesmn widpdbe tlew-snmetrsialdpeer doebashr ough
a nunber of stages during the spin process, primarily due to the fluid

dynani cspfdcgiab@dnbihet et Pinkiic B8nsUbsiocadLof Bhe sbihiddiRluees altisenalDGmal
damascene process, to protect the via bottomduring the trench etch (Fig.

2B), the_ nmost conmonly. used thod is.to conpletely fi.ll the via.opening
144 of FRETOK R A EARG Ah C RS SECTDRLR AR LB Y08 AL TR Kot ght
filled v ias 144. This leads to extra steps and conplexity in the pr ocess.
The resi the givaves oksiogte dampsagns, eray uséivased openinge acoaBenei™medl coati ng
nmet hod for coating a BARC filmon sem conductor ~Tafer. Ftg 4 is a graph
illustrating rotating speed (the y-axis) versus tinme (the x-axis) for a
v~~afer in each step in the conventional coating nmethod to fill the vias
~.vith BARC prior

t.0 the trench prpres o, formihe dual damascene .
structure opening. “BARE AT Q‘E}%’S-fég @?2%%1 the QUF‘LH%}%‘W PBEE 588y on
the order of 6 cp. is usec.~l for a BARC filmcoating. The wafer is held on
t he waf etwohueikingdtapse FBARR ildudtiates thiat finspdbe ome 2ddvphberd withintehwdsi st
supply nozzle, while rotating the

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 varietv of names, including spin chuck and vacuum chuck. The

spin chuck has a diamcter slightly less than that of the semiconductor wafer. The



~n.~afer at a low rotational speed of about 650 rpmas at 162. The BARC is
spread on the whol e 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 rpmas at 164, so that a BARC
filmhaving ~ desired thickness, i.e c.g., of 600A is forned. Then, a
rinse agent is Sprayed 1l-romthe cleaning nozzle for 10 to 20 seconds at a

rotational .speed qf t 0 : e ha rif ae of the
wafor 1+ onl Gonar- B Phare st TR st 2 LI d R AR P
process proceeds to the baking steps, when a the residual solution in the
BARC i s waitpthetishgtiyefeifaee, dgssnated eptthpgottenpsn cogaggvitly teghnek and

describes a nethod for coating a resist film U S. Patent No 4,7=t1,926 to

Wiite et Gp]ﬁ%&%rtbp%&r@céw drat@aiifgtRy desed sehetiot IR sthatedtisyNem©HBgt9, 821
Bl to Liu et al. describes a dual damascene process with BARC and via fill.

U. S. Pat ent . 6.042, 999. WD e al so descri bes a dual danmascene
process vﬁmp‘%%‘l\{%m%eéﬁéf‘%@i‘é’r%h‘? Fhtin, RY OF THE | NVENTI ON Accordingly, it
is an object of the present invention to provide a nethod to spin coat a
polyneric filmon a wafer while mnimzing the gap fill ~arla tl OL1

4V1t 11111 a Sel'les (7f wafer openings having varying pitch densities.
Gt her objects w || IapReapirhesgiin@firetess, 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 a constant speed to
establish a desired relativelv uniform thickness of the solution across the wafer.
Once the liquid layer acquires the relatively uniform and symmetrical profile, the
remainder of the spin cvcle allows 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 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 dvnamics created by the spinning substrate.



It has now= been discovered that the above and ot her objects of the present
i nvention may be acconplished in the follow ng manner. Specifically, a
polymeric material filmis spin coated upon ~ wafer rotatably nounted
wWithin 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

appl ying a predeterm ned am)unt of polyneric material Whlle rotati ng t he
wafer at a rotatio aI speed of m.apout 300 to 1200 1' f or f om
abou t 2.5 t0 ;~ bebarengong G ’&ﬂ%cﬁﬁeﬁb?%Fﬁ%rwlPsmFFéf&l?‘i 2P b5
whol e surface of the ~~afcr. A second step of increasing the rotational
speed of diliagwhé erenich eatto(lig5BB)) thpmdsbroaboohly2uedseednssis # ddmpldtdyep of
decreasing the rotational speed of the vvsafer to about 300 to 1200 rpm for

about 2 t he
e CoBBER LA ko S PSSO AP BARS S o

c material
film havin r edet ned t ess over the whol e surface. of the fer 8
2 701 - reauniBhembpUilied nss 634 ﬂﬁs TqadistongircaoRE Al cpmplety s the
N\ ~~i-"t:c)l; v.wl ! n?c):c c:e ~rl\'" un(lcrstooa fromtl?c __,
t A ~(9% Speocess:~ | W [':~)::~1l; u,.v:"i? it CN. ~LI:?2CtI (1112 \ V' It~I
tI?I' i 20021 | 2~WL?\ |11~ ~~1"dVdli~l~S 11?2 \\' 111C11 11W W "1'""; 0 W
1-: 'I~~"C,,SCI'.S! ~1?2° 0t (0 SIhilldl o0 cO'1'1'SyQ~. (.jli:~
Cl~ o~ Ziv, 11 ‘117115~;">~~~~c)rt|cls~~.,,,1|| \~Tl~, "..,. o
: ~112t aC CllC' ’>’>ntICC’>|~\LIu51CItC' VuI\II|~‘\/oI
0 yC L1V tr TITd §1e|1]esmt cgater .showm in Figz3 may | beqysgd [ $Be cppyentional
~elil:l" -1 'w., 1" " ;" ~*" ~ the s~ychaI 0: matlc)l’7 of a ~~:~=~s
" cbaﬂngNnethod 5. doahhg,asBAR(}f;lm bnlsediiconddictodwhfe] ' i 1C i~~.!;;:
"~ Fl~~ ~ nui? :~.~~lv ITluatr ?tus ~t mslst cc)atcr

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 on

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

Next, the dripping of BARC is suspended, and the water 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 c.g., of 600A is formed.

G



l=.~. ~ is :, ";'.?2t~h ;0 v; ~1~.~ ~ c)tatlc)nal spnme’7 v~'rsi;~~ (irrp'
cf CCIIN"~2i1(71?2,1: b\'""~L"" C>~11:1".t" :?? ~u7()l. | "~ ~ T~
C?2r.?2 a0 ",V T~~~ 101 <lil;)1? I~ 51, ~ ~1 1"~ \"CISUS tIlIIN" C)~
tl?2" \\'"?2tC 1 WIli. ,~ 1?7?L!: 11 C o~ tlt ~or _oom i 112A\WI Rt (L0 L
@) Figs. 6A, 6B and 6C schematically illustrate varylng vi a openi ng
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

mechani sm of the sphesh vuse agdnisisatirhyedtiion dreepearohgtrimgzpy fget to 20
i nvention. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT The net hod

of the pleesgAt at AVBRItIRMAI Qﬁ@ecb@?ﬁb&@“@d(}m%dats%c 'aﬁH'%efl%rckQﬁfthéned e of
anti-reflective coating (BARC) filling within via openings although one

skilled |n th art ~nrd ognl s hat ot her e used to

P Cnetrp S gt ddudsol B BEn R kd ST RA R ol CaREET Lr D Ry o be
filled wwth such materials. The present invention relates to a coating

met hod fproceeds indreadbaBARCs ek mvbareathgafeid upbsdlntjon iditherBretC of camnplately 8)

i nches by a spin coating process, wherein the B.~~RC filmrs fillec~l
wthio vignoRenings 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 nethod of the present invention may be applied to wafers

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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havi ng ot her dianeters. The BARC (film in this specification refers to a
w de concept including all kinds of polyneric materials in spin-coat
processes and may preferably be a top anti-reflective coating (TARC),

fl owabl e dielectrics in spin-on glass process, conforrmal BARC (AR3) or a
pl anar izing BARC (DUV 32-6 or NCA 32-6 av ailable from N ssan Chem cal s),
i.s nore preferably a top anti-reflective coating (TARC) or a con fornal
BARC and i s nost preferabl rizin 2-6 or NC A 32-6
avai l abl e from Ni ssan Cheéé%gﬁg@fﬁgébﬁlf' 5§§E%§g§§§f i nvention, a novel
met hod of polyneric materials coating has been c.~i scovered. The present

i nvention provides a novel technique to mnimze the polyneric materi al
filling variations in via openings and contact holes through all the
pitches. As shown Aachidingly, iaigraapbbpett wafiae potati anantipees prekrsls at i e,
a novel high rpmsplash-out step in conbination with a novel stabilization

step are_j r at: i . ze . icso- . . via-: i1l

var a1 ot ROCHAETCh® RIS (RS BRGES S MR RllbBafERhtdan oy
polymeric materials used in _spin-coat processes as noted above. The First
Step 72 Variphen pifep asiesiss ph vadespRMANEN hEY i§e By Rgpisdedersitifed amount of
the PARC is dripped on a wafer 11 while allowing the wafer 11 to be rotated
at a lowrotational speed of about 650 rpm (variable fromabout 300 to 1200
rpm dependi ng upon the pol yner viscosity, density and anount of filling
required 111 M a o I Lhol es). BARC | s read on to the whol e surface of
the wafer 11 for aggﬁ§p§@Ea%&%gfwﬁgaﬁggﬁ?%%ﬁg'fron1about 2.5 to 5 seconds
al so dependi ng upon the pol 5nner 12

[t has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
polvmeric material film is spin coated upon a 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 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 spced 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

oc



viscosity and density). The dripping of the BARC is suspended at the tine
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 slrTlIlar
to that shown in Figs. 1A, 1B and 1C. The Second, Splash-Qut Stet. 7'4 In
the sccon~] step 74 as shown in Fig. 5, the novel splash-out step 74, the
rotational speed of the wafer 11 is increased fromthe 650 rprn rotational
speed of the first step 72 to aL~out 5500 rpm for about 2.5 seconds with
hi gher accel erati omRIEeDEECHIE, T SYV a3hY ol DisA®iN4Si s used to renove the
BARC filling the via Opl'nlllgs~holes. The splash-out step 74 tinme is
critical. Mre tine will give adverse effects by drying out the BARC inside
t he via openings; holes before stabilization. As shown in Figs. 6A, 6B and
6C the second spl ash-out step 74 caysgs BARC to be pxpe[leq ﬁronybbe
respective via openi hgsindl'ést1E, 28, "36 8Hd et A UEE AP 147 ™M 24% 34 ~,
respectively, upon the etched substrate 12, 22, 32 adjacent the respective
vi a dpénings/hobest 06,2260 B6coTuhigon edubedet heoanpuntngfiBARTI14h, 24"
34" remaining within the respective via openings/holes 16, 26, 36. 73 The
Thi r dyh2babid Fzat-hen ShepaLeidsn:ihe eVl ot Nirkdpostiabt Liczati9resten 76 as
shown 111 Fig. 5, the rot ati onal speed ~s lowered fromthe second
splash-ﬁqtr§ggp1jg_fqpagional speed of about 5500 rpmto the Elrst step 72
rot atd 6nkf’ Speet of " About 650 rpln (variable from about 300 to 7 200 rpm
ciepelldlllg upon the polynmer viscosity, density and anount of filling
required in via openings/holes) for about 2.5 seconds.

b

Fogs A, 1D and 1C schematically dlustrate varyimg via opening filled

Jensiues on a wafer

Fros 28 w0 20 schocnaticaliv diustrate the sequential formation of a
Juar caarascene opunioyg

Fio 3 scnen accally illustrates a resist coater

Fioo d s a raph of wates iotational speed versus dme of a

conveautonad waler coatmny, medhod

Fig 55 o graph o waler rolational speed versus time ol the wafer

coali. g methoo of the poosent mventon

9



AS sllowm!l 111 Figs. 7 A, 7B and 7C, the stabilization step 7G serves to
resettle an anount of respective expellec.~ BARC 14", 24", 34" of Figs. 6A,
6B and 6C back within the respective vla openings/ holes 16, 26, 36, with a
greater amount of f3ARC re-filling in the denser pitches as in Flg. 7A

| ess in the | ess dense pitches as in Fig. 7B and essentially none i1l the

i so-dense pitches as in Fig. 7C, thus serving to greatly equalise the | eve
of BARC filling acrigsssAhes hange afhephdichas inhsthe vHrg lr%?@ Aesindolies. The
Four th Ste~78 In the fourth step the rotaflona speed of the thitd
stabilization step 7 Gl.ea er m ned rot.ational speed of
the wat e of B’ e Fb O enPiEa-40: PR R e PP T he PE - —fe
11 WL11cl1l legU ates the thlCkness O the | -1 BARC film For exanple,
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 aboufis80PA 7B ah@resehehifid a'llfvtlhu&tr@ﬂ% By l: {}%alafdﬁ 2%¥1ﬁ@d80 a
rinse agent is sprayed fromthe cleanlng nozzl e for abo seconds,
and the hack .surface ed of th er 11 is cleaned, Thus, the coating
STep 15 TeiTaTeA vaET Qosp eIy P hen S debe SO I he  baki ng
steps, where the residual solutlon in the BARC is conpletely renoved. In
the present invention, during the first step, the BARC is spread on the
~.vhol ¢ surface of the wafer 11 by allov~~ing the wafer 11 to be rotated at
a | ow rotational spped sANAE s I RERGHEE BABSLOR the inabiordLpidhdidg same
manner as the convention method. The novel” steps are the second, splash-out

step 74 conpi ned e
P mechanism o tthe sppash-out and stabilization steps of the present invention.

10



novel third, stabilization step 76. Figs. 8A and 8B explains the

princi pl e/ mechani smthe i nventor believes to be behind this nethod. Due to
t he novel high-rpm splash out step 74 the anount of BARC renoved from dense
pitch via openings/holes 16 (Fig. 8A) or iso-dense pitch via openings/
holes 36 (Fig. 8B) is sanme but in the case 17 of the dense pitch the
cxpel l ed/ renovect BARC refills the via openings/holes 16 again. In the case

01 11 | 20- Aoty Rl bR RSHTEOR| U5 PRI pPEe ) BARECHSRARNR OL [ 7o

LILL gys MUT"CS JU 1

into. he splash-Alt step 74 is follomed by the stabilization step 76 to
fine tune the re-filling of the via openings/holes 16, 26, 36. The
spl ash-out step 74 tine is critical. Mirre time will give adverse effect by

dry ing out the BARGe hitgh8 ol ik YidcaPaRicheidhNdlsaseh@ievfoplbs hetorerdhe
stabilization step 76. The first and forth steps 72, 78 control t hé hei ght

of FLI 1 f,et, She BARCLROL YIELL SeTRer s, LohRey M BogRagl iRl on ast

di spensi ng of the BARC on the wafer 11 will allow for |ess f||||ng of the
vi a open$lnfed donthactrt holllesecognizzs, thgdt othirematarells segohd wetaishiiBuhestiep 74
and the third stabilization step 76 control the gap filling height

variatiop é%g§ Sadhbicer 88lowRi drikh % tog)tﬂep%tl\(ic%@p%%nﬂ% qRNtAed LohesicAb,
26, 36. processing may then proceed to for | - di mensi on dual

danascene ?Hwﬂctures that provide anti-reflective coating advantages when
usi ng BARE Ple at the same tinme avoiding conventional problens of poor
anti reflective coating on the surface of the openings of the dual
damascene structures. 1 C

The present invention relates to a coating method for coating a BARC
film on a wafer having a diamcter of eight (8) inches by a spin coating process,
wherein the BARC film 1s filled within via openings with less filling differences
between 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 planarizing BARC (DUV 32-6 or NCA
32-6 available from Nissan Chemicals), is more preferably a top anti-reflective
coating (TARC) or a conformal BARC and is most preferably a planarizing BARC

(DUV 32-6 or NCA 32-6 available from Nissan Chemicals).
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Exnerinmental Results ACT 8 TEL TRACK was used to coat planarizing BARC on
via Opt_'rll11gS/ contact holes on Bla ck D anondT"' ~Nafers. The depth of

the via opcnings/contact lulus ucptli in this experinent ~n,as 10, 000. A
The foll owi ng experinental data gives the height/performance of the BARC
fill in the via openings/contact holes. All the neasurenents are in

Angstronms (A) for the 1:1, 1:3 and 1:5 via pitches for the new coating

net hod (Table 1 A)janfefpresbhe ig@nuant, i #nady BARCHERAIf NFolRtdiad lﬁaTt@ﬁLa% 1B).
Tabl e 1A - Novel BARC coating nethod of the present inventfion. Pltc

of WL: 31: SD'ffe en e ofDiffere 5D fference of  1: 5V',1

Dol * 1t oi CHUGHS SRAREDHO 0000000 SB0REH R RoL K5 THBTE fpahaique to
Convent i onal BARC coating Method Pitch ofl:11. ~1 vDifference of Difference
of 1:5Di fdieteiveghefpolyraviiasdat8rial filling variations in via openings and contact holes
tol:1tol: 1tol : 3BARCA63067607920213032901260hei ght ~\ As denonstrated in the

above tzhl ndeme A gap filling difference by using the methocl of the
pr esent m@? |o§hbe}ﬁween 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 alL~out 1490A and the via gap filling difference bet~Teen the 1:5
to MB pitches ~n~as reduced by about 660A. Advantages of the Present

I nvention The net hdg gdfowhen Higssn graplent maiferprauiidesl spaedi vpreusrenhch t o

m nimze i so-dense contact or v is gap filling variation of polyneric

mat eri al i gﬁ@g j
vari a![ : 0?110:\/21 H@\ g;ghr%pggfﬂ‘\t ol Qt%ﬁslsl c%?ﬁblnatﬁhrlkﬁzaeﬁo%aesté@nﬁz 1 stéfﬂoélf'epul |

anmascene” process. The conventi onal net

via filling need an additional BARC etch back an | eani ng steps that
er eased M HBORIERAS SRR SRE-COMPNEsATL g5 SRR BF P A HACgtoh ng steps

are nore challenging for the conventi onal

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



met hods and ideal results cannot be obtained. The nethod of the present

i nvention reduces the conplexity of BARC etching and reduces the additional
process steps. 1~ For dual danascene openings smaller than 0.35ym a
conventional bottomanti-rcflectne coating (BAPC) coating may be applied in
accordance with the 111ethCQd of the present invention to protect the bottom
stop layer 10, 20, 30 and preventing punch-through of the bottom stop |ayer
10, 20, 30 during,the_trench etch proces ile iecul ar .e i ments of
the presthe /AR Fofe havEED B P G RER AR aPRLF Y Bl PR PR
intended to limt the invention, except as defined by the follow ng clains.
17  CLAPRBQis oxembt pigatlom siwhelsstirtrge of ot wakild. material fil m upon a
~n%afer rotatably nmounted within a spin coa ter; the wafer having a
surface, including the steps of: a first step of rotating the wafer on an
axi s perpendicular to the wafer surface while applying a predeterm ned

anount of polyneri i.al ile rCxatlll he wafer at, a rotational
speed of from aboutcrhg%ﬁgg%]f%er‘ﬁw %pq%%og%%oipe@}gs% Boles X8 SR spr
ead the polyneric material on the whole sur face of the Vi%ater; a second
step of pimcitadsithgt slivevr ot HigsobAl 18peddGf 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

The Second, Splash-Out 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 fror.n the 650 rpm rotational speed
of the tirst step 72 to about 5500 rpm for about 2.5 seconds with higher acceleration.
The scecond, 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 bv 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 respective via openings/holes 16, 26, 36.



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
formthe polynmeric material film having a predeterm ned thickness over the
whol e surface of the wafer. 20 2 The nmethod of claim1l. ~n~herein the
polymeric material is a material selected fromthe group consisting of a
top anti-reflective coating (TARC), flowable d~electrics in spin-oi;-glass

pr ocess,COnf.aL nal ; a planari zi ng BARC such as DUV 32-6
avai | ablﬁﬂ%%&@%ggﬂég@% and a planari zi ng BARC such as NCA 32-6
avai l able from Ni ssan Chemicals. 3. The nethod of claim1, when ein the

polynmeric material is a top anti-reflective coating (TARC) or a coiiforml
BARC. 4. The nethod of claim1l1l, wherein the polyneric material is a

planari zi ng BARC suchhas,dMdV 320 aysi; 7@@?&1’% Jtéﬁmd\"ﬁsﬁ'{b@:lem S50Mth&
pl anari zi ng BARC such as NCA 32-6 avail able from Ni ssan Chem caf's.” 5. The

nmet hod of cl ai ein the polyneric material, fil

At 1 eTOESR “Ebe Iy BreH R BIf Sh0T BB 1B GAU D08 PRESHSE hoel
of claim1l, wherein the predeterm ned thickness of the polyneric materi al
filmis zd:bmhtb%@)@@m t0 thhéunb$thpﬁ7obtaﬂcandnspeqd oharaitroS0hpm - (vaiahle from
rotated at a rotational speed of about 650 rpm for about 2.5 SecOnCis In

the firsipatreno t4d 900 Tpml AEpdRERR A RIn Fledbdly der WIRLSH P, ddriMadRT aldui@pi dl Y
accelerated fromth

ot 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 respective 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-filling 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 BARC 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



rotational speed ~f the first step to the rotational speed of the second
step. 9. The nethod of claim2, ~n.herein the rotational speed of tile
third step is about 6~0 rpm 10. The nethod of claim1, inclucling a fifth
step of applying a rinse agent to the ~-vafcr. 11. The method of claiml,
iincluding a fifth step of applying a rinse agent to the wafer for from
about 70 to 20 seconds. 12. The nethod of clmm 1, including the steps of: a
fifth st . ( i . - fer: sixth .s of

baki ng: ¢ HRGef B 0F Sl BRI 1 bl 18 gl A0SedrRlo A BhERYE
a series of openings that are partially filled with the polyneric material.
22 14.spred afedbood 5690 epai s hatve Eéﬁé%/ AlmHE, WafSrhd ing adissiredgbidkeesf
openi ngs | eaving varying pitches; the series of openings having varying

pi tches feieng bkt 8bh X if Fdhedy ~n~ith polynmeric matcrial 15. The method of
claim1, wheftein 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 polynmeric material in each of
the varying pitch openings. 16. The nmethod of claiml|, ~~herein the wafer

i ncl udesThe EdilnBepdi0 openi ngs havi ng var ving pitches; the series of

openi ngs having varying pitches being partially filled with a substantially
equal depth of polyneric nmaterial in each of the varying pitch openings;
the series of openings having a wwdth of |ess than about 0.35m 1 i . The

method of claim 1, Mk Deb B, HANIBELS TBLELH £8i Pt SRIHdH1or 00U

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 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 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 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



6cp. 18. A method for spin coating a polyneric material filmupon a wafer
rotatably nmounted within a spin coater; the v~ afer having a surface,
including the steps of: a first step of rotating the ~~afer on an axis
per pendi cular to the wafer surface while applying a f~c~edetc~r~nincd
anount of polyneric 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 e ROLNIRY G eLL Bl D ENBUORA RULIARE ARl VNG, a AL A a8 g econd

step of i'ncreasing rotation rpm
for about 2.5 seconds; a third step of decreasing the rotational speed of
the waf e?gaib Ebdetcasoo! thy soalyrnep miirhr hepouesay & aneson @ the BARG: istspstrep of
incr easing the r otational speed of the wafer to about 5500 rpm for about
20 secong ficim it Matdiel PEdATBE bCnaRb&IUyaYiafd ety ihioges® ciosd e beddingsC ~|

t hi ckness aver the whole surface of the wafer; and a fifth step of applying
ar inse agent to the wafer for fromabout 10 to 20 sPCOndS. 19. The net hod
of claim 18, wherein the polyneric material is a naterial selected fromthe
group consisting of a top anti-reflective coating (TARC), flowable
dielectrics in splﬁ‘%ﬁpbﬁéé%ﬂﬁﬂatgéég“@8ﬁﬂ©¢ﬁﬁl“@ WWB?nqﬁﬁbY%hhﬁhzlng

BARC such as DUV 32-6 available from N ssan Chem cals and a pl anari zi ng
BARC sucturasthNGA-BBng @\tak vadbeehinggy hbksans, Che3s. ddlespl@dh-odhstepoithaee of

claim 18, wherein the polynerlc material is a top antl-reflectlve coating
(TARC) ofs @i An bR BARE give adverse effect by drying 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/ 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 poor anti-

reflective coating on the surface of the openings of the dual damascene structures.
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2 _~ 21. The nethod of claim 18, wherein the polynmeric material is a

pl anari zi ng BARC such as DUV 32-C~ available from N ssan Chellll Cal5 O a
pl anari zi ng BARC such as NCA 32-f~ available from N ssan CJ1Cl1ll 1Cal s. 22.
The met hod of claim 18, wherein the polyneric material filmis an
anti-reflective coating or a bottomanti-reflective coating. 23. The net hod
of claim 18, ~nherein the predeterm ned thickness of the polyneric nmateri al
filmis alL~out 600A. 24. The nethod of Calnl 18, tn~herein tile ~"dter is
rotatedf%ﬂﬂﬁnﬂﬁﬂﬁiﬁﬁﬁ%msspeed of about 650 rpmfor about 2 5 seconds in the
first step. 25. The nethod of claim 18, ~~herein the wafer is rapidly
accelerated fromthe rotational speed of the first step to the rotational
speed of the second .step. 26. The nmethoci of claim 18, wherein the
rotational speed o t-hi r dosit i out 650 tp . 2fhaRe nmet.hod of
claim 18, incl udi néc’ghgi fr?% gt@p@gf “ﬁ‘agﬁ%ﬁ%‘négacora? né%“%g%‘ﬁ‘tg t%é“%(geor\‘/va‘f‘%r.

28. The method of claim 18, including a sixth step of baking the wafer. 29.
The net herrrengel wntrctgholghepai Fladke [armd e wafes. aTber ferthofof openi vigs
that are partially filled t-vith the polyneric material. 30. The method of
claim7 8penvihgs Adomtidveodaf @rpthing libides parigeiit @sasof0,@eni ngs havi ng varyi ng
pitches; the series of openings having varying pitches being partially
filled with polymeric material.

The following experimental data gives the height/performance of the
BARC fill in the via openings/contact holes. All the measurements are in
Angstroms (A) for the 1:1, 1:3 and 1:5 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




31. The nethod of claim 18, wherein the wafer includes a series of openings
havi ng 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 nethod 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 de Rt RGNS i I t he varying
pitch openings; the Seﬁﬁﬂggﬁ%%?iopeﬁpﬁagp §§$%%R%R§§2%Hm%¥ | ess than about
0.35pm 20 —33-—A-pet-hoc ~ For—spi-i—routing—a—pel-yreric-raterial—fi
a vaf er ot &EBISY | mblint e Wi i PHlerespral Refarnce welagpreria 9
surface witlh \daseni es of open | ugs IWatding varyi ntplpl t ches, i nsilddi ng t he
steps of : g BARSt |968P | 6760 O1@0i|ng tBOnaf er on apo(axi s per pemth(cul ar| to
t he waf er suhékﬁpe whi e appl ying a predeter m ned anount of polynerig

mat eri al mkilqérotating thel wafgr at a rotational speec.r of from about 300
to 1200 rp 1fe? from-about—2-5-tlo5—secondsto—spread—the—poelyreric
material on the whole surface of the ~ vafer and partially filling the
series of openings having varying pitches with the polyneric material; a
second step of inchealinmondtiased on ah¢ ehave spve thd vichgamdifileng doffeeoot b$500
rpmfor about 2.5 seconds to expel a portion of the polyneric material with
the serigsingf tHRPAMAGS SrAMINGraRnY i iRgeRtibe RSwvedn tthe rd3 stoep:10hitches was
c.-lecreasing the rotational speed of the wafer to about 300 to 1200 rpm

f or about 5.,secand sreturn sone. of the expelled portion, of th
polynerif‘fEL Fgﬁ%@ﬁb%iéﬁﬁfb%g%ﬁéﬂS?B?%%“%gmﬁggng? %ﬁ%ﬁ?ﬁ%@?fgﬁaﬁélﬁgﬁFPh
step of increasing the rotatignal speed of the wafer to about 5500

was reduced by about 1490A and the via gap filling difference between the 1:5 to

m upon

13 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 filling variation of polymeric materials in the
spin coat process and 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.



rpmfor about 20 seconds to formthe polyneric material filmhaving a
prc~~ieterlnined t111Cl<| | eSS ovel' the whole surface of the wafer. 27

34. The nethod of claim;~3, wherein the polyneric material is a material
selected fromthe group consisting of a top anti-reflective coating (TARC),
fl ow~abl e dielectrics in spin-on-glass process, conformal BARC (AR3), a

pl anari zi ng BARC such as DUV 32-6 avail abl e fron1Nissan Chem cal s and a

pl anari zi ng BARC ch a i I .S The
met hod of ¢l aim 33% "unta§c2e116‘ ?ﬁljyglllm Qs?n{l[e? la Ié%@pu%%”%&ﬂt?\c—‘_nrhe x]aé ot
coating (TARC) or a conf or mal BARC 36 The met hod of clai m33 wherein the
pol ymer i Rotirae enitiatefiestrae spaiag i(BARG)BARGNSLINEK esapphed 0 gcenrairnad veith r om
Ni ssan Chem cals or a planarizing BARC such as NCA :~2-6 availalL~le from
Ni ssan Ghemhetabs.of3Re pibentehhodciol t€pabterSthe bétesaistop heygpally p@ritcand
material filmis an anti-reflective coating or a bottomanti-reflective
coati ng. } ess
i A e e o S MR iRl
wherein the wafer is rotated at a rotational speed of about 650 rpmfor
about 2 HOS8ECI 1 Os 111 the first step. 78 40. The nethod of claim 33,
wherein the wafer is rapidly accelerated fromthe rotational speed of the
first step to the rotational speed of the second step. 41. The nethod of
claim~ ~, wherein the rotational speed of the third step is about

While particular embodiments of the present invention have been

ve

illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.



650 r pm 42. Tlle method of claim~3, including a fifth step of applying a
rinse agent to the wafer . 43. The nethod of claim,3, including a fifth
'step of applying a rinse agent to the wafer for fromabout 10 to 20
seconds. 44. The nethod of claim 33, 111cludll1g 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 111CthCc, ~ of claim 33, wherein the varying pitches of the
series of openings range fromiso-dense to dense z:~ 46. The nethod of
claim 33, ~n~hel-ein the varying pitches of the series of openings range
fromiso-dense to dense and wherein substantially none of the polyneric

mat eri al expelled fromthe dense pitch openings during the second step is
returned to the dense pltCh OpCl 1998 during the fourth step. 47. The

met hod of claim 33, ~n~her ein the wafer includes a series of openings

| eavi ng varying pitches; varying pitches including a series of about 1:1

pi tch dense openings, a series of about 1:3 pitch dense openings and a
series of about 1:5 pitch iso-dense openings. 48. The nethod of ddlrrl 33,
wherein the ~-wafer includes a series of openings having varying pitches;
varyi ng pl AGieShdd ¥edlspal ngatinger bes mériabesteridl Lilpl tpbn deRsgeOpSAINIS, a
series of about 1:3 pitch dense openings and a series of about 1:5 pitch

i so-dens ' : L[ teant i al Ly o} Lc.materia
expel | oaPrai RamiR e ERREE SR RRHEr A s AR Ak Oty FBPLE6 TR st op

is returned to the about 1:5 iso-dense pitch openings during the fourth
st ep. 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
walfer;

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.



49. The nethod of claim3 3, wherein the series of openings have a ~nlidth
of less than about 0 35ym '~ O 50. The nethod of claim 33, wherein the
polyneric material has a viscosity of about 6¢cp. :~1 .As

. AhE. A9. ALE. ALI E. AL. AQUE. AL. A. A9AFI . AL. . A’

Y. AL. AA. A9. . AQAE. A&A. ALYY. AhE. ALU . A&AY. AhF

. AU. A9. . AGA. A&UI | . Ah2. AA. AU. A9. r. Ah7qy*yz<3j [ Zpzupkfa\ W ca] ca] ca] ca] ca]ca]c
g} c ?L]C 2%?@%?1&%{5@] SPhsh Rl GREGA R sad salealsalealis Talelcal galgeql cal e
RE6k#e}xsnid_Z]c]ca]ca]ca]qa]caica]ca]ca}ca%ca]ca]ca}ca]cq%ca ca) calca]calc
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he method of claim 1, wherein the predetermined thickness of the polymeric

material film is about 600A.

7 The method of claim 1, wherein the wafer is rotated at a rotational speed of about

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

9. The method of claim 1, wherein the rotational speed of the third step is about 650

rpm.

10. The method of claim 1, including a fifth step of applying a rinse agent to the

wafer.

11. The method of claim 1, including a fifth step of applying a rinse agent to the

wafer for from about 10 to 20 seconds.

12. 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.

13. The method of claim 1, wherein the wafer includes a series of openings that are

partially filled with the polvmeric material.
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15. The method of claim 1, wherein the wafer includes a series of openings having
varymng pitches; the scries 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 1, wherein the wafer includes a series of openings having
varying pitches; the scries 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 0.35um.

17. The method of claim 1, wherein the polymeric material has a viscosity of about

6ep.

18. 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
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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; and

a fifth step of applying a rinse agent to the wafer for from about 10 to 20

seconds.

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.
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such as DUV 32-6 available from Nissan Chemicals or a planarizing BARC such as

NCA 32-6 available from Nissan Chemicals.

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, wherein the predetermined thickness of the polymeric

material {ilm is about 600A.

24. The method of claim 18, wherein the wafer 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, wherein the wafer is rapidly accelerated from the

rotational speed of the first step to the rotational speed of the second step.

26. The method of claim 18, wherein the rotational speed of the third step is about

650 rpm.
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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 with the polymeric material.

30. 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 polymeric material.

31. The method of claim 18, wherein the wafer includes a series of openings having
varymg 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.

32. 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 varying pitch

openings; the series ot openings having a width of less than about 0.35pm.
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. A method for spin coating a polymeric material film upon a wafer rotatably

mounted 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 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 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 decreasing the rotational speed of the wafer to about 300 to
1200 rpm for about 25 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

predetermined thickness over the whole surface of the wafer.
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NCA 32-6 available 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, wherein 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

abeut 650 rpm for about 2 5 seconds in the first step.
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43. The method of claim 33, 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, including the steps of:
a fifth step of applying a rinse agent to the wafer; and

a sixth step of baking the wafer.

45. The method of claim 33, whercin the varying pitches of the series of openings

range from iso-dense to dense
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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 claim 33, wherein the wafer includes a series of openings having
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 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 33, wherein the series of openings have a width of less than

about 0 35pm.
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