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| NTERCONNECTS BACKGROUND OF THE | NVENTI ON 5 Rel ated Applications This
application clains the priority benefit ofaprovisional application entitled
METHOD OF FILLI NG STRUCTURES FOR FORM NG VI A- FI RST DUAL DAMASCENE

| NTERCONNECTS, Serial No. 60/504, 368, filed Septenber 19, 2003, incorporated
by reference herein, 10 Field of the Invention The present invention is

concerned with new d¥YETHRHOICEREINGSHEMCTIVRES FORSF Gal curing step,
a sol vent etching st K | ﬂ%!ﬂ. t &)ﬁﬁ@E hods result in
very thin, cured | a%%?%’f?féj%@\/ [ a%gg{qﬁé@gﬁl{on [ ggfél t opogr aphi c

surfaces. 15 Description of the Prior Art As integrated circuit devices grow
smaller, there is an increasi ng need for nulti-Ilevel interconnects of

smal | er size and i nproved PASKHROVUND-QFTHE IN\ENH& hscene i ntegrati on

sche i 0 allow for increasing chip densities on a substrate as
desi g% ru e(—:l-gs}g(goA ?{cna}fgns?o shrink 20 integrated circuit devices. The damascene

process el i m ritiespplibation elaiing the pisrity bénefitaflaptovisionarapplicition gitioid NEBSTHOP

the. neetOF oF Ladice TRUCHHRER: IFOR P ORMING. YHEFORSH oDLIAL GRAMASCENEocos

of damascRAGHFGNRERSS: Seiialieh S0OARTS Gi& s}g%gﬁ&g@s» 2008 BE e AR ERR! ©

damascene process fabricates iInterconnect f'orni ng conducting 25

pl ug thr chegdina di el ectric |ayer to connect to the underlying conducting

| ayer. Another dielectric layer is then formed, wth the actual interconnect
W i n]é) nmetallization being patterned in the second |ayer. The dual
danasceneg; it asSmeaRshr ucts mul ti-level interconnects of smaller size than
the single gamascene process. The via and trench patterns are patterned into
a single dielHetpresentlimweatiomisdondeenediwith red dual danessihe mettiodbutdlizingalpartialng

mat eri al such as a tal .. Dual cesses i nvol ve fewer steps,

resul ti nFYRESIER) # YenﬁﬁFE‘“ééFFB?g}gdqag‘?aig\?‘g‘&e&éi methgdg resplt In Yagy, dhin,
| overi ng GROHEAGE HEVifEo G UTRE SV LY ot RighI§A8ographic surfaces.
15
Description of the Prior Art
As integrated circuit devices grow smaller, there is an increasing need for multi-level
interconnects of smaller size and improved feature integrity. The damascene integration scheme
is one way to allow for increasing chip densities on a substrate as design rules continue to shrink
20 integrated circuit devices. The damascene process eliminates the need to etch the metal layer that
provides the interconnections, permits more densely spaced interconnects, and eliminates the
need for dielectric gap-fill materials.
There are two general classes of damascene processes: single damascene and dual
damascene. The single damascene process fabricates interconnections by forming a conducting
25  plugthrough a dielectric layer to connect to the underlying conducting 1
layer is then formed, with the actual interconnect wiring metallization being patterned in the
second layer. The dual damascene process constructs multi-level interconnects of smaller size
than the single damascene process. The via and trench patterns are patterned into a single
dielectric layer and then filled in one step with a conducting material such as a metal. Dual
30 damascene processes involve fewer steps, resulting in smaller, more complex integrated circuit
devices, thus lowering manufacturing complexity and cost.
Despite the advantages of dual damascene processes, patterning and etch processes are

made more difficult because of feature topography and more complex stack layers. Several



Despite the advantages of dual danmascene processes, patterning and etch
processes are nade nore difficult because of feature topography and nore
conpl ex stack | ayers. Several 2 techniques have been devel oped to address
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sel f-aligned dual damascene is limted,,because it requires a thick
internediate | ayer to act as an anti-r&flective | ayer, nearly perfect

trench and via alignment,. and ver i,gh etch selectivity 5 between the
i ol ect r NETRRten HE Jp degleped” o el Frehoproblemts detidios i gous 989
i nvol ve fdahSteenORekEmaraichl 84rfiidcEHE, dlAQid fiRMM dAEcdnb c&kés??lrxés"%pygzgio\ﬁ' a

pattern with the newy etched trenches. Successful trench-
danmascenefselfebgredduabdamaseeneah limitedydpeoasisy it merjuires arthicle mubrawdatallayerdo attai ni ng
critical dinensi

trol of vi whj ch, i.n t i . hi tch.
el ect vithgh BraBee et pea et et i iR algrigeol S0 Y Riehethseggviey
et ch- sf oppehpdeltive dB¥ctAik 8fd ét&GEtFﬁFﬁg&.h?ren&Qﬁﬁgt 8 Qhrhhscerd8deatts ifolVe TRst

dielectric material, possibly leading to device failure.” Via-first dual
damas c e nemasking and atehingthesrenpl,and then hingringshe via pattese with¢heriewly eicted trenched.  on

t f the full. stack | . The Vi tched, follawed b
| P hogr aptiorebh BeRsaRt D e Hodhieh rOuite SHSTIRaY APPST Wet s cene
requi res @aihiakding ARG i ditheHidhPRARLE 0P Viall Whiek tih Ben rbfiBrl MidlPBcRselebBvity @

during the trench etch step, and of planarizing the surface to allow éasier
15 t r enchbepatengherdiglectripond etehistdrolaysrs. atlee wsewfwichystopdayers may also inarease theal

damasgene,.processes: rtial fill and full fill. | artjal fill processes,
t he gg(g fqlﬁle"%f‘ﬂs?aé‘lt OB&lStdgiletcglcorRﬁ?n?r’]h%osﬁhlYtIS#én%)tP ‘{‘1’?{‘)‘(8 f‘\‘)‘ {hol es, requiring
consi stent COWpadHR& cﬁx@ﬂd@h%&éﬁe@@@id‘n(&whai sﬂr_nfalék {ecﬁxkihthe, BESCHASEIRE Bias H&%f_«fhe’ﬂs are
conpletely filled and the |layer is planarized. The etching process is

per f or medoriap pfibe fidbstackpé layers k¢ vigs ap efchade flloweg by lithogtapky proegsses tp foring
necessary,.to control reflecti.ons from under] yi 20 materials through use of
o anc Vo et halSims., St G5 B Rap AR P IR M APl ism chiiols P e, o
I f the gafie bbitdm SRRV AHurindGkStrénsh lefbl sepl ArddfpRddanzing e RFFARAL hilew eadisench
patterning usually requires _incorporating an anti-reflective coating into

t he stackirensh gattemingadivo tashmiques aresommanty used imvip-firstedupbdamagecne pyegesseyer t he

Compl | cat BvRE T AELBT AR Ot N R B e BFREen it R R GA T ot

vi a- fi r st thdwialholts ) fegEifiAg ctsRiptSoverage hlddehthadoattol. Mn fullgfill frodessds, theiRBatd i C
| ayer (10) is deposited onto a substrate (12) with_ a conductive |layer (14).
A gap- f i | ompietelyifidled and thedayer s plaranzeds dheetelyng prosess s Resformerd omths toplaygry

filled t hﬁur\{xilgaﬁhcgtgfge)si'st éa&%iqg§$s,l ftuf rneéel'ga}y 8 %offrol reflections from underlying

20  materials through use of an anti-reflective coating to prevent distortion of the photoresist pattern.
If the gap-fill material lacks suitable light-absorbing properties, trench patterning usually requires
incorporating an anti-reflective coating into the stack as a hardmask layer, or coating an anti-
reflective layer over the gap-fill material before applying the photoresist. These extra layers
compiicate the process and increase manufacturing costs.

25 A typical via-first dual damascene process is illustrated in Figure 1. A dielectric layer
(10) is deposited onto a substrate (12) with a conductive layer (14). A gap-fill material without
light-absorbing properties (16) has mostly filled the vias (17). A hardmask layer (18) and a
bottom anti-reflective coating (20) are applied for reflection control for the patterned photoresist
(22) to permit the trench to be etched into the dielectric layer (10).

30 Using a gap-fill material with good light-absorption and planarizing properties would

simplify the process, but conventional organic bottom anti-reflective coatings do not display



bottomanti-reflective coating (20) are applied for reflection control for
the patterned photoresist (22) to permt the trench to be etched into the
dielectric layer (10). 30 Using a gap-fill material wth good

| i ght -absorption and planari zing properties would sinplify the process, but
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dielectrit materr al ergo a chemca I on I'n contact w tth one
another, @6y.m ng a thin residue inside the vias. The residue can cause
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greatly n%%g?nq Th%ci bottom anti-reflective coatings can also result in a fence problem in trenches and
vias. The bottom anti-reflective coating and the dielectric material undergo a chemical reaction
20  when in contact with one another, forming a thin residue inside the vias. The residue can cause
incomplete trench etch, leading to poor device feature integrity. In view of the difficulties in the
via-first dual damascene process, a method of using bottom anti-reflective coatings that would
reduce the number of steps required in fabrication, eliminate the debris and the fence problems,
and result in a more consistent fill of dense and isolated device features is greatiy needed.

25

SUMMARY OF THE INVENTION
The present invention is broadly concemed with a new method for forming dual
damascene structures. The inventive methods comprise applying (e.g., by spin coating) a
30  composition to a substrate so as to form a layer of that composition on the substrate surface. The

composition layer is then partially cured, and a solvent is puddled on the partially cured layer.
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SUMMARY CF THE | NVENTI ON The present invention is broadly concerned with a
new nmet hod for form ng dual damascene structures. The inventive nethods

conprise applying (e.g., by spin coating) a 30 conposition to a substrate
so as to forma layer of that conposition on the substrate surface. The

conposition |layer is then partially cured, and a solvent is puddled on the
partially cured layer. 4 The solvent is renoved (e.g., by spinning) from
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many currently available conpositions, this tenperature will be from about

140- 180C, depgrdipg wicaythe figal uss, Siy wiblgvnicallyche 1wtally appiied sdbicknegses o Fomsabout
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After application to the substrate, the composition is partially cured. That is, the

composition is less than about 90% cured, and preferably from about 40-60% cured. This is

typically carried out by heating the composition. The most preferred curing method involves
20  heating the composition at a temperature of from about 65-95%, preferably from about 70-90%,

and more preferably from about 78-88% of the composition's curing temperature. With many

currently available compositions, this temperature will be from about 140-180°C, and preferably

from about 150-165°C. This heating step is preferably carried out for a time period of from about

15-90 seconds, more preferabiy from about 30-80 seconds, and even more preferably from about
25  50-70 seconds.

After the composition layer has been partially cured, it is preferred that the layer be
cooled or chilled. This is preferably accomplished by simply exposing the layer to room
temperature (e.g., 20-25°C), preferably for a time period of from about 20-40 seconds, and more
preferably from about 25-35 seconds.

30 Next, a solvent is puddled onto the layer. Preferred solvents include those selected from

the group consisting of ethyl lactate, propylene glycol monomethyl ether (PGME), propylene



25 50-70 seconds. After the conposition |ayer has been partially cured, it
is preferred that the | ayer be cooled or chilled. This is preferably
acconpl i shed by sinply exposing the |ayer to room tenperature (e.g.,
20-25C), preferably fora tinme period of from about 20-40 seconds, and nore
preferably from about 25-35 seconds. 30 Next, a solvent is puddled onto the
| ayer. Preferred solvents include those5 sel ect ed from the group consisting
of ethyl |actate, propylene glycol nononethyl ether (PGVE), propylene 5
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The inventive process can be used in both partial fill (i.e., where about 35-65% of the

hole's depth is filled with the composition) and full-fill (i.e., where at least about 95%, and

20 preferably about 100% of the hole's depth is filled with the composition) applications.
Furthermore, it will be appreciated that the inventive methods can be used to form dual
damascene structures possessing properties not previously achieved. For example, the structures
prepared according to the inventive methods will have low biases, even with very thin layers of

the composition. Specificaily, the inventive methods will resuit in iayers having biases of iess

25 than about 80 nm, preferably less than about 65 nm, more preferably less than about 50 nm, and
even more preferably from about 0-35 nm. Furthermore, the layers will have average thicknesses

of less than about 100 nm, preferably less than about 80 nm, and more preferably less than about

70 nm. Unlike prior art methods, these properties can be achieved using the same composition.

That is, the same composition can be used to fill the contact and via holes as is used to form a

30 layer on the surface of the substrate. This dramatically improves processing conditions.



prepared according to the inventive nethods will have | ow biases, even with
very thin layers of the conposition. Specificaiiy, the inventive nethods
will result in |ayers having biases of |ess 25 than about 80 nm preferably
| ess than about 65 nm nore preferably | ess than about 50 run, and even
nore preferably from about 0-35 run. Furthernore, the layers wll have

aver age thicknesses of |less than about 100 nm preferably |ess than about
80 nm and nore preferably | ess than abBut 70 nm Unli ke prior art nethods,
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t hi ckness of a, la ._As.used. herei.n, .t he Di i.,s determ ned by subtracting
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schenat i CayduenyoRof B 06 ares fifled @ith viatiodesf | r st, dual danascene |ayers using
a 15 gap-fill material w thout |ight-absorbing properties; Fig. 2 is a

schematic drawing illustrating the gap-fill properties of prior art organic
successi ve steps in a duBrRARESCRIEAEN SRHERRAIREE | Luent Ve met hods: -
20 Fig. 4 is aFigaasaisci@niatie atdwang dotimssianart (ViEHrsthial @ahabéhe 3Ry ithgd
cross-sectional view of the sanples of Exanple 1, before and after the
et ch- backgaprigtmaterialyighout lig@t—%@@mmr aph showi ng a cross-sectional
view of a co ntlfig.|2 i?ﬂmgﬁéﬁc drawing illustrating the gap-fill properties of prior art organic bottom
anti-reflective coatings;
Figs. 3a-i are schematic drawings showing successive steps in a dual damascene process
using the inventive methods;
20 Fig. 4 is a Scanning Electron Microscope (SEM) photograph showing a cross-sectional
view of the samples of Example 1, before and after the etch-back process;
Fig. 5 is an SEM photograph showing a cross-sectional view of a control sample;
Fig. 6 is a graph comparing different solvents used in the inventive methods;
Fig. 7is a graph showing via fiil data in an inventive process where ethyi lactate was used
25  in the solvent etch-back step; and

Fig. 8 is a graph showing thickness data in an inventive process where ethyl lactate was

used in the solvent etch-back step.
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Fig. 6 is a graph conparing different solvents used in the inventive
nmethods; Fig. 7 is a graph showing via fill data in an inventive process
where ethyl lactate was used 25 in the solvent etch-back step; and Fig. 8
is a graph showi ng thickness data in an inventive process where ethyl

| actate was wused in the solvent etch-back step. 7 DETAILED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The present |nventive nmet hods can be used to both
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har dmask Rfer@ingdy eﬁdhog@oﬁlayerm)mraicduf@suﬁthm& maRphl (63!, siPosn mhﬂlef"ﬂmee@hstc? _
patterned photoresist (52) formed on the opti onal cap |l ayer (50) hi s

pat t er nedlapid#®irsepies to 5(@2? trdnqhi atels Theedi¢lpetae layera muyehei fogngdsagm apy switablehe vi a
54 f t.h 50 | ect 46
he" et on BaGEAR 458 s idah” AreR apbiimbd b pih oR vet fan ol

transfer §hediviesrio PSRt RU¥ofrRél on tHeQubdifatd @8 {)ﬁxcﬁ/hﬁtl? tHePhRI SariideXRRRAre Re cap
| ayer (42), as shown in Fig. 3c. The cap layer (42) may then be etched to

exposb t hisrmedighnofhangptianatiaptayee(50) 139@0fe ngjerial Shmdﬁfdp ﬁ@rﬁrembwéﬁ@ mayhe vi a
R e
appl i cat i 'DKi§ layer may also serve as a hardmask or etch stop for partial via fill applications.
In Fig. 3b, a patterned photoresist (52) is formed on the optional cap layer (50). This
patterned photoresist (52) defines the first via opening (54). After the via opening (54) is formed,
20  the cap layer (50), the dielectric layer (46), the etch stop layer (48), and the dielectric layer (44)
are etched to transfer the via opening (54) into the respective layers and expose the cap layer (42),
as shown in Fig. 3c. The cap layer (42) may then be etched to expose the underlying conductive
layer (40). In another embodiment, the via is etched through the cap layer (50) and the dielectric
layer (46) and stops at the etch stop (48). The etch stop may also be etched in some applications.
25 A thick, gap-fill, bottom anti-reflective coating (56) is applied to the top cap layer (50)
and fills the vias. The gap-fill, bottom anti-reflective coating (56) should be thick enough to
completely planarize the topography, which occurs when the bottom anti-reflective coating (56)
thickness is greater than about 150 nm, as shown in Fig. 3d. The bottom anti-reflective coating
(56) is then partially cured and a solvent (e.g., PGMEA, ethyl lactate, PGME) is applied to the
30 bottom anti-reflective coating (56). The solvent removes a portion of the film determined by

both the time the solvent is in contact with the bottom anti-reflective coating (56) and the partial



25 A thick, gap-fill, bottomanti-reflective coating (56) is applied to the
top cap layer (50) and fills the vias. The gap-fill, bottomanti-reflective
coating (56) should be thick enough to conpletely planarize the topography,
whi ch occurs when the bottomanti-reflective coating (56) thickness is
greater than about 150 nm as shown in Fig. 3d. The bottom anti-reflective
coating (56) is then partially cured and a solvent (e.g., PGQVEA ethyl

| actate, PGQVE) is applied to the 30 botgom anti-reflective coating (56). The
solvent renoves a portion of the filmdetermned by both the tine the

sol vent igirihPpoestsarie §M\I€Bt1§hﬂn%?&&v@&aﬂd‘ﬂiebb%rh@ﬁﬁ#é&cﬁ%ﬁﬂ%&?lﬁ lycand the
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t ransf er riegich (609, gshgommhgym (50) and the dielectric |ayer (46) by etch,
ending at the etch sto The gap-fill, bottomanti-reflective coating

(56b) will 10Nexs the tmgh pamm (D Fﬁdmm‘féﬁ?d ipto therepptlawer (590 aodtheisleatae layen | vg
i The
ohot or a1 /sty endiy acthd alalbeb(he) ! Phebab B, bolfed AEDRACENEDoaUSREN VT D0

depend ngbelepchizd aWgy edmhrrahmrmai thy botidie mﬁﬁﬁbﬂe&Wcoéﬁi@(Saﬁ)tﬁlllaﬁ 166 inghe sk  or
etch stop, as shown in Fig The renmini ng patterned photoresist (58b)

and bot t cafien e trengh etedt ﬂ‘b@ %S@Fﬁ@h?‘sﬁé'ft @8B) wilkbe partiglbyremaved.cbut sRaYe i onal
hi
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The etch c&temhstd;ﬁyesho@viﬂhnmygbe rermved at the sane time, as shown in Fig.

3h. A conductiyve .g., net aI% | ayer, % n_the dual damascene interconnect
structure is tﬂ&fcmﬁlé‘%%“ﬂﬁ'e HEOtB‘ieé‘F%fég Jiand baitem apugsileckye e9ptingi(3099 3&hi ng

in the di C | ayer
(52 "B AR i R s Oy 20l sl SO iR
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A conductive (e.g., metal) layer (62) in the dual damascene interconnect structure is then

formed in the dielectric layer (46) and the via opening in the dielectric layer (44), as shown in
20  Fig. 3i. The conductive layer (62) is made by forming a layer that is electrically continuous with
the conductive layer (40). The conductive layer (62) is planarized with the cap layer (50), or with
the dielectric layer (46) if the cap layer (50) is removed. An optional barrier layer (not shown)
may be deposited on the sidewalls of the via to serve as a diffusion barrier before the conductive
layer (62) is deposited.
25
EXAMPLES
The following examples set forth preferred methods in accordance with the invention.
It is to be understood, however, that these examples are provided by way of illustration and

nothing therein should be taken as a limitation upon the overall scope of the invention.
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maybe deposited on the sidewalls of the via to serve as a diffusion barrier
before the conductive layer (62) is deposited. 25 EXAMPLES The fol |l ow ng
exanpl es set forth preferred methods in accordance with the invention. It
is to be understood, however, that these exanples are provided by way of
illustration and nothing therein should be taken as a limtation upon the
overall scope of the invention. 30 9 EXAMPLE 1 Full-Fill Application Using
PGVEA as a Sol vent DUV52N (avail able fr®m Brewer Science Inc., Rolla, M)
was coated on a wafer with etched via arrays having various pitches and

di anmeters. The coated wafer was t heBXAMBIE &t 5 140C for 130 seconds,

partially curing the la X A fear, h cooled at 21 C for
30 seconds. PQVEA was pﬁEIPg@Agﬁ{%%%gz@\gfﬁé@w ‘(I)\réls\%?oiveeggnds, and the wafer
was then spurDEV52N(ilkabiefioar BRWesSHiete Ind, RAIRPIG vdicosted veaixafed withnal

bake at 205C for 60 seconds conpletely cured the |ayer of DUV52N. An SEM
phot ogr ap$ichedivig amays haviag|vadoustpichestand diameterne Jhe gpatpdyater grapthenrakpdalor e
the sa vepinopt S ,Qm.f - ﬁ\tf\” t ; ' y, and
180 rioémt |Oc§ fl&jr}l?sgg%%ﬁh?%é%{ at elag Sﬁ@px‘}?a ars?g:’;,%ei,vé%fgf Jnva‘(’l %l\é‘%?%@% 60

nm  Aft e21°Chor 3®beceids. HEGMEAves3 putidied biftb chavesfer firS S lsesbuas; And theGBafBiwisn t he
dense array, and 125 nm in the isoglated array, resulting in a bias of 57

run. EXAMBEESspumat 380G ram for PO socepds toemene s spivertvA Salabaks ay 26 Oifivs 2N
t i 6 kal l
v heth AP R B udl bR ARy o D0ESER B0 BEARRR S Ry BRL 4R )

cure the omanti-re ctiv then cool ed at
21C for 3fhegedmasiof layB @D WS Nohedate € solvent etchatepafae 1 2G on il aan dikeeteFhe
waf er was_then spun at 2, 000 rpmfaor 30 seconds.to renove the solvent, and

t hen %dﬁ}wﬁ argays e} B0HR fHEK 1B adp Vs Eahereeg’lt?b viagsieys Yelding spaseihrs.
gefore thaasohy Sillet e shhee thilidel WAL DRRS1 B d8-in APlc WBe by ahlb8 ol

dense via array an Imin e 1solated via array, re cting a bias of
16 mm. Af inehe isbiated alrap,resudtinginladdds of SRdmt i nal cure steps, the bottom
anti-reflective coating was found only at the bottom of the vias.
EXAMPLE 2
15 Partial-Fill Application Using PGME as a Solvent
DUVS52N was coated onto a via array and baked at 160°C for 60 seconds to partially cure
the bottom anti-reflective coating layer. The wafer was then cooled at 21°C for 30 seconds.
PGME was puddled onto the wafer for 15 seconds. The wafer was then spun at 2,000 rpm for
30 seconds to remove the solvent, and then underwent a final curing step by baking at 205°C for
20 60 seconds. Before the solvent etch step, the thickness of DUV 52N was 174 nm in the dense via
array and 190 nm in the isolated via array, reflecting a bias of 16 nm. After the solvent etch-back
and final cure steps, the bottom anti-reflective coating was found only at the bottom of the vias.
The thickness of the bottom anti-reflective coating remaining in the vias was 52 nm in the dense
via array, and 120 nm in the isolated via array, a bias of 78 nm.
25
EXAMPLE 3
Partial-Fill Application Using PGME as a Solvent
DUVS52N was coated onto a via array and baked at 160°C for 60 seconds. The wafer was
then cooled at 21°C for 30 seconds. PGME was puddled onto the wafer for 45 seconds. The

30  wafer was then spun at 2,000 rpm for 30 seconds to remove the solvent, and underwent a final

cure step by baking at 205°C for 60 seconds. Before solvent etch, the thickness of the DUV52N



The thickness of the bottomanti-reflective coating remaining in the vias
was 52 rimin the dense via array, and 120 rimin the isolated via array, a
bias of 78 rim 25 EXAMPLE 3 Partial-Fill Application Using PGQVE as a

Sol vent DUV52N was coated onto a via array and baked at 160C for 60 seconds.
The wafer was then cooled at 21C for 30 seconds. PGQVE was puddl ed onto the
waf er for 45 seconds. The 30 wafer was then spun at 2,000 rpmfor 30
seconds to renove the solvent, and unddfwent a final cure step by baking at
205C for 60 seconds. Before solvent etch, the thickness of the DUV52N 10
was 174 rivesilf4npendeedeasevia agpy. 49d 130 amin iolated, vinarayep hiag af 16 amaddigythes bi as
of 16 ri - : I om
ant i -1 of 1 DRl EbatR and Bpile FhE maRERof U WAy ElinF i gl 4B 3Pk

t hi cknes boatbm3dT tiewiagattahBickhesss ef 30 mmah thr\densenda &€ayind 90 hrhén thedsaitediviai a
array. This resulted in a bias of 60 nm 5 EXAMPLE 4 Conparative Via-Fill
Mat eri al 3v8ys Fhisaesultedim abips f 0@ wer Science Inc., Rolla, M) was applied
to avia array, resulting in a layer of the sanme thickness (140 nm) as
DUV52N after the solvent etch-back step. 10 In a full-fill process, the

t hi ckness of DUV52 was 128 mm in i SEXAMRLBE/4a arrays, and 12 rimin dense

via arrays. This resulted in bias of 116.nm nuch |arger than 57 m, the
bias of the full- fill solven °§%P@Fﬁtlb’ﬁélka'5‘r1&gé'§§a’descri bed in Exanple 1. The

sol vent etch- Wﬁ? Fﬁﬁﬁﬁﬂ? ;ﬁ?ﬁ'ygfeq/cr SRRnLdInEKRBAS M l%v_a?i%h‘ﬂ?e?i ¥l Lvidhay S by

at least 50%in VI a- rocesses. In a parti process, the DWW
52 i sol atresiHtiienis e layer afithdxaae thiakne84 (140 mm) as DUJY S@N dfterthe xoldent atotl-tA¢K stepin
inside 15 the vjas. As co red w adi tjonal baottomanti-reflective
Coat 1 1y I it 46 IoRaes ob DS LY Sk it tns Sl it ao 15 90p i
reduct i ongenfe ¥i8 Ak e #nid ARed/in% HAsHT116hid, 'émg Fihdn $TRLNGE i.ve
sanpl e where ﬁNS%;ls\l was theecorrposi tion ufrinlci:ze .e No§so \’/entb&g!tggﬁ{eg%ck step
was car r i idisawint etchrbbaakaupcdsh desotibEPiN Examplrak eTheatohv2fibdic-backgloceserdnctsl. The
700 r.im and.the v

R RN ORI R W SOl
process, the DUV52 isolated-dense array bias was 81 nm on top of the oxide and 274 nm inside ‘
15 the vias. As compared with traditional bottom anti-reflective coating via-fill methods, the
method of Examples 2 represents a 72% reduction in isolated-dense via bias.
Fig. 5 depicts another comparative sample where DUV 52N was the composition utilized.
No solvent etch-back step was carried out. Instead, the DUV52N was baked at 205°C for 60

seconds. The via depth was 700 nm, and the via diameter was 250 nm. The bias was about 20

20  nm, and the thickness was greater than 180 nm.

EXAMPLE 5

This procedure was carried out to compare the use of different solvents (PGME, PGMEA,

and ethyl lactate) during the solvent etch-back step. For each solvent, a bake matrix for the

25  partial cure step was performed to determine whether different solvents would change the etch
rate significantly. The final bake was carried out at 205°C. The bake times for both bakes were

fixed at 60 seconds, and the solvent puddle was fixed at 30 seconds for purposes of this
procedure. The wafer was cooled at 21°C for 30 seconds prior to solvent contact, and after
solvent contact, the solvent was removed at 2,000 rpm for 30 seconds. From the solid lines in

30 Fig. 6, which is the dense via fill percentage, it can be seen that the etch rates in the vias were

very similar and almost identical. The dashed line represents the isolated-dense fill bias in
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EXAMPLE 5 This procedure was carried out to conpare the use ofdifferent

sol vents (PGVE, PGQVEA, and ethyl lactate) during the sol vent etch-back
step. For each solvent, a bake matrix for the 25 partial cure step was
performed to determ ne whether different solvents would change the etch rate
significantly. The final bake was carried out at 205C. The bake tinmes for
both bakes were fixed at 60 seconds, and the sol vent puddle was fixed at 30
seconds for purposes of this procedure. The wafer was cooled at 21 C for 30
seconds prior to solvent contact, andlhfter solvent contact, the sol vent
was renoved at 2,000 rpmfor 30 seconds. Fromthe solid lines in 30 Fig. 6,
whi ch i sandmeetefenEle biasgs batwveenselvents watpsimilar, andwertypiealy freraabaut d0-dPom. r at es
in the vijas,were .ver iqn lar and al most ident | ._The d ed..line

Fopr ose e pHE EautHaleatd Byl Y reRifB Bhock B g ey PR pbrpAtEs

bet ween is@bM @pbist 19011©@0%¢.mM | ar, and were typically from about 30-40 nm

Al so, these results indicate that the nost preferred process w ndow for
partial via fill applications is fromabout 180-190C. 5 EXAVPLE 6

Appl ications Using Ethyl Lactate | j ocedure, the bake tine was varied
from 15-120 seconds, dependi ng upor the ake tenperature (varied from
180-190C), and the bake tenpgpHtitioss Uaing FiispPedatat a finer increnent.
DUV52N was the conposition used. The renmining conditions were: cooling at

21C for 30 s&rdrdrrocesigre; giedialie §ipteveastvapedifirm; 15s20\seeands depenrdingupan oo r pm
for 30 - ' 00 i the vi
(11 pe Eke et e HtpnP BH61 8RO OB teRREARNS ol Heslen 0 il " 1L ®

mat er i alindietfiéntL OUNSANI whothgicehpositiem iseda | The eshdihing conditiensawgrbe codlitigatfi | | or
100% fill was achieved at 190C at about a 30-second bake tine, and the 180C
t enper at2hie 39 esands:aifosseond solvsnbpnddles selventh sereovial 3he2,006 rgm for 30 srcendsie dense
t hi ckne I ottomanti-reflective coating on top of
t he waf ﬁd?ﬁ?ﬁg&%b@ﬁ%@&)ﬁ%@d?he bake tenperature and tine. Wth an
i so-dense bi &=zfernifig miheviafill peroeniageslie iy, 7 ahelloaier the bikeotkmperatugd, tharibygeabout 60
mn, significant inprqovenent far etc uni farmty ?nghﬁtCh bi as was
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respective
15  90-second bake time.

Fig. 8 shows the dense thickness. The thickness of the bottom anti-reflective coating on
top of the wafer surface was varied by the bake temperature and time. With an iso-dense bias
of about 40 nm or less, and at a thickness of only about 60 nm, significant improvement for etch
uniformity and etch bias was observed. Also, the reduced bias over conventional processes

20  allows forlarger photolithography windows. At the same time, the best thickness for arespective
substrate can be utilized, and the thickness can be adjusted independent of equipment spin-speed
limitations.

In this example, the data were generated using ethyl lactate, however, similar results were

achieved with other solvents.

25



substrate can be utilized, and the thickness can be adjusted i ndependent of
equi pnent spin-speed Ilimtations. In this exanple, the data were generated
using ethyl lactate, however, simlar results were achieved with other
solvents. 25 12 W claim 1. A dual damascene structure conprising: a
substrate having a surface conprising a plurality of topography features,
said topography features formng a q?nse region and an isolated regi on on
said substrate; a |layer of a conposifion adjacent said substrate surface,
said |l ayer having an average thickness of |ess than about 100 nm and a bi as
of | ess than about 80 nm 2. The structure of claim1l1l, wherein said average
t hi ckne¥ée Chilness t han about 80 nm 3. The structure of claim1, wherein
said bias is | ess than about 65 nm 4. The structure of claim1l, wherein
said substrate is selected fromthe group consisting of silicon, alum num

tungsten, tupgsten fial j5hse &&{H {lhlé’r'bé}ﬁ@%%' le, gernmanium tantal um
tantalumnitrite, ang %iﬁge e%. Ce stru tur% of claim1, said topography
f eat ur es i nchuglibsigats t iavirigirae saiédcencomprasinghal pliralityredf itopaaphys tdasiresat @aid sai d
hol e being at | east aboHt 5@6fi}|ed MAEP said_conpgsitiop )
topography features forming a dense region and an isolated region on said
substrate;
a layer of a composition adjacent said substrate surface, said layer having an average

thickness of less than about 100 nm and a bias of less than about 80 nm.

2. The structure of claim 1, wherein said average thickness is less than about 80 nm.
3. The structure of claim 1, wherein said bias is less than about 65 nm.
4, The structure of claim 1, wherein said substrate is selected from the group

consisting of silicon, aluminum, tungsten, tungsten silicide, gallium arsenide, germanium,

tantalum, tantalum nitrite, and SiGe.

5. The structure of claim 1, said topography features including structure defining a

hole formed in said substrate, said hole being at least about 95% filled with said composition





