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METHODS FOR FABRI CATI NG LI NE/ SPACE ROUTI NG BETWEEN C4
PADS TECHNI CAL FI ELD Embodi nents of the i nvention are

WO po1ve2786 el d of sem conductor structures and, PETIUS2009/048873
particul ar, nmethods for fabricating fine |line and
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used for sem conduct OTECQEMNIRESE, REED as i ntegrated
circuit (1C chips, MEMS or cog;ponents which utilizes
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mel ti ng poi nt until they reflow and forma connection
devipe ﬁlfft(%]é’ tothestubeirdieinps of the die. The actual 4
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intemammcad)msd:ruwwlrseﬁmcomduabr dxyiceandd &h‘tﬂtt’aﬂempHamiispgerical C4 solder

bu]glgg Erlgc $d];a( %&ﬁ grll a}%{l@ﬁ&% @atgi n%}d{aj)%}(lf%:] @}eefﬁzjgosts éulrefS aces of connector
padlQBRS khb@h a@Bmﬁp ?E&s@' dack o8 @Al ig¥&ioscd heo @RI Vif AblcGR the
of an i maged o-resist (in the pattern of C4 solde

inshlstps 25t MElekToCBNEscdeesi B 6ABr I dar heathbabove ther meling
t f
o AR L8 AEL oA ol A0 RS S0 e
actagelni4 m’ldhtdiumps sitayuet fabrestddacorge nonleer adddficad ,prddEtESlng
eed for her 1/0 denS|t 1l eads aol a ti hter . bu
tecauaues, mﬂlﬁdé 2 PYPPIFHAN. SSTRCE &PP%@@ £ eFEaR} Gicghpn

clebREpIh@Y de ﬁ‘ﬁés%eﬁ@gofjl‘)dﬁﬁ %n@@vhic‘ﬁq it418, @BMde the deposition
spg%l ng. ﬁ F DESCRI PTIrtg\l I%N I\gs P
of a metallic seed layer the application of an 1rnaged photo-resist (in the pattern of C4

solder bumps), the electro-deposition of solder, the stripping of the photo-resist, and the
sub-etching of the metallic seed layer to isolate the C4 bumps.

As semiconductor structures become more advanced, the need for higher I/O
density leads to a tighter C4 bump pitch. This, in turn, puts stringent requirements on the
fabrication and dimensions of the line and spacing..

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a Flowchart representing operations in a method for fabricating fine
line and space routing in an organic substrate package, in accordance with an embodiment

of the present invention.
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Figure 1 is a Flowhart representing operations in a

nmet hod for fabricating fine |line and space routing in
wW@e010/00pa8é ¢ substrate package, in accordance WETIUS2009/048873

enbodi nent of the present invention.Figures 2A-2H

il lustrate s-sectional .views representin .

opel BT H LUHER GBS Gl PGP R OPFrAlomy{g @ method
forSTRBG@tH ik Mde hild AcO FARRMLGn wbgaﬁ@tsabm%@aﬁagd, th accordance

~accordance wth an enbodi nent of the present
withrapemtiogimeref el rEey cpESTRItPT] ON Met hods f or

fabricating fine I;ﬁgéiggﬁﬁgggiqii¥ﬂg in an organic

substrat e package ' » fol |l owi ng

des oddthddsdor, fabriceingUmedpeand spacd edwtingsinan ergaic fubsttdic package
xS YD A G RSISTES, Snc Tal SLLAL oSl TR See bl such as

int&SYRGSH SoRBISs Ad hberiRrBsiant, Y&t pRvidda WbtdugR@nderstanding of
apparent to one skilled in the art that enbodinents of

cmbpeimenissdithe praveahtiveRtiomylt bell be aenarensto o vhallad inteesart that
C . . - . .
en BB 8L ARy AR LOBBIGES Ik PG e o
othar smstantesgesti+kinbed featudetsach ad integradedt citamitrdeign layouts, are not
unnecessar.jly obscure enbodi nents of the . present
deycHpen iy %ﬁa.li B EHP HB?‘E}“GF?SS%‘@;P%S%G _ﬂ%@e% ' fhegrosent
invieRorV A irHeEm DA RRLH SRRV thad thhirlold biBSditeRts shown in the
illustrative representations and are not necessarily
Figirepanc tlisgetineacpobeditivss andaicaiohnencesapbt frews 6 seale.
f abry. cat ' ' - I e
e T S e o
subsayermai spasedect heviega didi¢gctidnlagedodiagend Jayandisposed thercon. In
anti-reflective coating Jayer and a photao-resist |aye
an GRbodigiknb 45 4bby YHEC § @gﬁ@gﬁé and Brﬁ%gtﬁﬁﬁl%}-l?}é% B fofthed above
thd RYE laydN Archottdsist B bemlditNeaRallcbGvd @uahe Bfyer 408k
pattefned to forma patterned photo-resist Tayer and a

patiexnedetorferm ameiterned pleateresest dayar pirba pafiencd any-elpdtve cgating
Lr i . e I r ve .
B e N N e L e
thef soedriageionA infeeal flayres is fpanéd enthoffirstpertseedt thayed layeetbiweesen
r. and t he

features of th atterned photo-resist |aye
Feaieh e e aé%ﬁa‘fl?d-e PRt e G P eyt %#t%éeﬁ%ceﬁ%%layer-
ThB Bk @nEELSHoS-rdsRY lycPl thB BatRahd LINER RV dosfihERLEVAe
coating 1ayer are subsequently renoved. In one

subsatpatieemovadndn gee ombogmeni, die sefondwriercel theyead lpyer is then
- i .2 Ser| f . i nes above
rerp V20 6 BITRIREh e RD LR R dBbl Ehe Mottt =0 Pt
of theccordasentvith auenibodiment bfthappdstetahvamnonfthaapplication of an
t'-reflecIiYe coati$gbla er .is used go control the

an

antRGLRGHY FOFUBR I1BCE 1SdHCd FotAriosbedmonest reigetiopdeabr fgpd laver,
by bb®rbi8k hiRClefbctbd ggﬁt b b AGitiRb drd JHIOBARRI ByRILOGBRS: th8flected

“absorbrng the reflected ' ' '
light, the exposure of regions of a photo-resist layer undergoing a patterning process may
be better controlled. For example, in one embodiment, the undesirable exposure of
regions of the photo-resist layer is substantially reduced, if not eliminated, by using an
anti-reflective coating layer between the seed layer and the photo-resist layer for the
lithographic process. Accordingly, line-width variation among the features in a patterned

photo-resist layer may be mitigated as compared with line-width variation resulting from

.



10

15

20

25

30

light, the exposure of regions of a photo-resist |ayer
undergoi ng a patterning process may be better

w@omwoed7Bed. For exanpl e, in one enbodi ment, tPEI/US2009/048873
undesi rabl e exposure of regions of the photo-resist

| ayer . i bstantially reduced, .if not elimn
sca g raiie Ahencs it GECTBRORES WS BopiaaRofiint by
incdfRMat YRl an@NS1E MR c RBA M 6 P& i anaN@fratioh séiRfhe for fabricating
l'i thographic process. Accordingly, |Ine-w dth

fing Hipgseandonacaroihg demrétyfod suely ieytingican feaineispsed dwhile the line-widths of

ORI s PRSI T4 A 8 EATRRISI e

acabarodné @fer dre 1a¢1’ea8111[§]‘/ Oefehsive Iﬂ(aadiordaglcb a&yﬂfan dniboglivaent of the

enbodi ora an antl-r flectiv
PSRRIy 7 Flilgn: tl-rﬁ{l%ca?vsfpﬁﬁlgsl@ﬁfé bpgp @ Sed layer and &
phéBhtdiGatydRGodd NBosh IS pRREssSRAGRS thel dXeerfl 8NRAL- Mdgéfroé‘tg{ﬁi%ss (c.g.
routi ng can be increased, while the Iine-w dths

reflagHye/neigking) Gomsson {9 paedssasahatidegot use @eﬂélﬁle@ﬂé@lvetceatmg layer.
fﬂ:ﬂlﬁ %nc érgg%cﬁﬁl%h %Qére%f'ﬁ 'theﬁHéﬂ g ah -r@ﬁ&?\?\ﬁy?ﬁﬁﬁ% 1565 s used

dccor dance
in eniad@mfemfabnéatmlgé‘lmrlﬁmend spaveenitingn Figure 1us e Fafwdchart 100

anti-reflective coat.i er bet eed Ia er .and
TCPLCSSRR 2R 0gp 1} %\9’&? OE%PT %PF?H’@&%EH%%“ PRIELS “ng n an
ordaBRUGBSrdt b Ba RAEEM aQbrdanBEWRHUR cHDBARAS ST he tpgesent invention.
refl ective notching) comon to processes that do not

Figyees 2 2Hntlpstrags ¢ropt-sogtorsd atqwgeprammg phcraiowsnh adigteer for
fat{?fcaﬁ&eﬁgg Rl ?Qé’e%h ICIil %gorr@%”a% SRl Iflt%ﬁ)talcl%/ ecl(ﬂaa_tc&&gance with

ayerc1s use rica
anam606mameOfmupmﬁgmnﬁwQubm lis a Flomchart 100

re e enti ng operat.i.qQns i a th for fabricatjn
[P BT BBl 02t PloSie 00 aniartauiy Eitllre 24, o
bufd@el #8Rr 20&@9&@&&91%@@!\4 Hllale@ﬁlcqaw @lonna[gbogefd tha@on In

present invention. gures 2A-2H 1l lustrate

aceordsise sdtbtanemiiodimenie! heprressaninyenjionpluistimhaycl H2end diclectric
o QEPASL LB GR 0 W8] 06 BOASRRSE.C QDG O
exangioy dnmaebmbfadlhtmt pllie‘;‘ﬁﬁidktof IWIO(Dcn]n iRdtidy adyrignilideup layer that

102 f Fl owchart 100 and i
q‘-ﬂfrahﬁ En WFS gu%g %%@2@?&%%@ on%ﬁga%a
m@h@ﬂle%%fﬂa@e d@y el dRfEHSIRASOBALNQRERR thA &%@Jr%v&@s as

an embodi ment of the present invention, build-up
dqm@wém1ﬁmﬁﬁah@ dielectric layer 204 forma stack of

ng¥ %@g&g? la{ng(r: b(%jﬁgiy ‘o?{% @egre? E&iﬁ%le fﬁ§ glté?thcaiflfsgﬁﬁgég&lces and
intfi@@nﬁeatsddnr’thé fmte OﬁbMIdBUID la@eu]zx)z ﬁcynrgrsubsteqneml@cfurrn@sﬁfﬁe Iive:/space
t t
roqt%;gzies%geﬁf 03¢ gr ?%ﬁ%ﬁ@%@af%@ﬁﬂ%@é 3%2?11 @l gn qﬁl@?@célﬁ fegtric

layleIE‘YG’éf 1S%Qﬂlpb§d%f kﬂh%ﬁ@))iydbe{s@d Mate IR sRIATRRS. [8%9ne embodiment,
depicted in Figure 2 Dielectric layer 204 may be a

didlepjrer lageri 204 01ae a teughenesciur faga P 0§/ with @h avérage shelrce eanghnebs

approximately in the range of 0.5 — 0.6 microns, i.c. the average depth of the V-grooves in
roughened surface 206 is approximately in the range of 0.5 — 0.6 microns. In an
embodiment, dielectric layer 204 is roughened to have roughened surface 206 in order to
better adhere with a subsequently deposited metal layer, such as an electro-less deposited

metal layer, as described below. In an embodiment, roughened surface 206 of diclectric

-3-
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I nterconnects on the face of build-up |ayer 202 from
subsequently fornmed fine |Iine/space routing di sposed

W@RwvM02386 bel ow the dielectric |ayer 204. | n apCT/US2009/048873
enbodi ment, dielectric layer 204 is conposed of an

e -hased material with li.ca fillers..ln on
oy Eh SRR B s BeR e PagRlow 68 et ISR Bigghdhagembodiment,
theSddFhacsf BOBCte U4y cpNoAKSRERIghtddace roughness _
approximately in the range of 0.5 - 0.6 mcrons, i.e
t he Bmléﬂmdéyqa 82 magfbetcrmpysagraf evaterial suisayh &reami-additive
proScH§s @ )%ﬁ)@lchéo@ﬁl,go neﬁﬁ%)gﬁ%ﬁng:%é%lp %.Ip 909 ﬁsza% e%oxy %as@d
dleﬂewgdmaedalt witlh siliea ﬁtlelgh émacbtisarrchdodinkg, bulﬂdarpdeyerm2 includes
bettei adhere with a subsequently deposited netal

a CP%RPéIp a

"§uch as an el ectro-less deposited netal |ayer,

as @R&Efih @gimbﬁi SratioR 180 FRIMDPRHIWEREL 100 %tg&ﬁ»&@gondmg Figure

surface 206 of dielectriclayer 204 is forned

2Bgeserddiyqp 208 essdsiosed @Wﬁ@sctrgsleyer\ﬂoé d WCIOM@QCG wﬁh an
B L N
dleﬂmtrm lagér 204 ¢. gbsleed fayer Masahkdsama/(ﬁr apsnmdeQ@éiﬂ)y as roughened

f.abri cat ment | d
surbfRo0b ey Bliciti it ass P, I AR sPpdeq). Hepy 208 Baialss or
coﬁhpiet&y fills bty RPRLITESC @ﬁgﬁfésmleleaﬁb e P04 @YS6vidOR substantially

i ncl udes a copper plané. Referring again to operation

flatip spufens P sngd hasrer 2% olnsanderelmndinaeyosedil Hy cF2Qfuinas axBickaess

S Qi S a
aplgrgg %}%&% gl{e th\%g?r}ée aorﬁ %eS nggzﬁgn%oﬁg ﬂ# ﬁ{ ﬁﬁﬁgdlrﬁelllt &l l%/%# 208 fas
thicknesndfi approxsaedlyl Ay ericidf8 $cedfloyareds tnaykbe adeydr euinatllc for

wth dielectric laye 04 seed 208 has the

sulatibnb REEEY S Safing o ub AT Bt B R RL dn g i, scod
lay@S26keRIc6PHsddb Tl rﬂé{aleor%%taltdbn@d’mﬁgmw §RAts, 5y 86t EAN&d to,

208 partially or conpletely fills any top surf ace
copnsugiives Qlclsel glusiiagn rln@nleaybédmma € bry@rvz%els formed on dielectric
laygﬁg(zéfn@g%;} i/ eggée Rloﬁtb{r(gc% ehlglgtrag ‘gn }/s a%tgl%atllfgmetal
dqamnmmnﬁamﬁeﬂyucdebeu&ﬂnge of 0.5 - 1 nlcrons In an

di.ment, seed. | r ness of

app%@%rﬂ%& for gpegat f?nﬁi()g O%Eert |1§@éla e SheRdingeFigure 2C, an
anﬂl@aﬂfﬁercuw baa@ﬁag %Jepm@ﬁ%ﬁﬂé@movek@egtwﬁr poR Chpéc%fcﬁﬁceo\fnth an

a net al Imonto its surface. In an enbodi nent, seed

emlba@@renizo)fathﬁ srasorsothedingdnt.anpieetctiye cagting layesr3t! iinfomged above
seegil 1%:32% |2,§§ g(F %tr?sn%%bulr%htt ﬁ&getﬁteléilr;gdgxg iﬁ%elﬁl?t?,l s‘{l?ﬁgg Fnd f%ﬁlgﬁ%mlughened

see

topograpd o secdil@lee08,ia8 dblayed i2 Bigub&y2@,rtheing (atslubsdq&&ﬁ lithographic
de 03|t|on roc put t is.an alternative.

PrQgEYSy Al gepds ?Ffé}ﬁ ‘fi’fnﬁ Plc@g E%b‘ée %éeadm rRﬁP“é]fVPicﬂﬁtmg

layhloéJ Eﬁ’gﬂ%%" tﬁg %ﬁlr%e fr&%ﬁh&ls%%é@irlﬁy&%ig NgrdePtd prabiae difRgsurface
for anti-reflective coating layer 210, upon which a photo-resist layer is subsequently
deposited. In an embodiment, anti-reflective coating layer 210 has a thickness, as
measured from the top surface of seed layer 208, approximately in the range of 1 — 2
microns. In an embodiment, anti-reflective coating layer 210 has a thickness, as measured

from the top surface of seed layer 208, of approximately 1.5 microns.
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anti-reflective coating |layer 210 is fornmed above seed

| ayer 208. I n accordance with an enbodi nent of the
w@e@smemsenbodi ment, anti-reflective coating | BYEUSRDAY048873

is formed above seed | ayer 208 to absorb |ight

r ef fromthe net surface and fromthe :

r ougﬁﬁéﬁs e%twﬁ&a?t&wyg?f 19dRY Roskpabosho! i (figh thelcybytntially
abJoriNcBttedbd i pProdhced SHRSEs u%grdphtcfmée@p hinCacPé1A8&&Swith an

Al so, in_one enbodi nent and as depicted in Figure 2C,
cmiadimengef e Prﬁﬁ@lté@‘@mlﬂ@» anayéﬂe@we Cf)atmgslamf 21feés eampasedof an

W I

or BT RPhn £ 85, R oA P Blrph AL PG B0t i
compo%ki od npaiabsuchsis shut naykmitedtos b Mmmehﬂallwpcdﬁpasqulmiol

antl-r | ecti.ve coat.i.n ayer 210 )
orgga b URROBE LM bbb InSGorpasiligg ok i Fietliye conting

layeeef IsayREted @Bbe Ml@&ily%h@aﬁblleﬂmﬁhﬁ K98 fNaybr subdequently
m crons. In an enbodi nent, antl-reflectlve coati ng

formegen tha girfrge ofanthrefleadesscoatiag lyasdkled from t he top

surf I

i or e R BE B ORI TR ) 28 b o echnique
sultabitqotosmaforrﬁlya:onart sweed dyct 2R agiitb pravidd aﬂhtysuﬂiasemnmm which a

scattered I|i rodu ur|n I|tho hi
phofpgedstdayer m éBB Eveh/acf O%ﬂ? slarm% ? ‘%ﬁ% prti-reflective

coRMnBISR 21 0 YEREhaNby amdcegs%ﬁlu@ &4, ibien&QakitdAGo,) PYSLcratiflg or roll-
I s conposed of an organic conpound and a dye. I'n one

coggodin arether caphodimertt] anditicflectbigapopting laggret] 029 fprimsd by a spin-on
proc‘cgégp Qi %ﬁl R{t)) H%e%F aas g\{:llg u@g tobalII& 1nntﬂg c!)d[tﬂ?% O?Qnté) Qefl@tive

er - SO| u quazo or ganosi ane Dbase
codtinlgriaydr alabnmrtbe shrfma of diel‘ﬁetrmmméﬂom @nl, of order to remove the

anti-reflective coating layer 210 i ctedq to b
solupt fplloing its darguion aéltweﬂﬁé/tge;fﬂé?% @%ﬁil if Suhspduently exposed

to £ URKGAYERS hiva tfeﬁ%@rfa%r@ Bf hfjRoSikfat e, %u%otqﬁﬁﬂtedt%f | REddoy&es
coating |ayer 210. Anti-reflective coating |ayer 210

Celpityp. be f or med on seed | ayer 208 by a technique

SUul . .

o ofEhafind Rt fieplion A4 fork RREMEN ho ERP AR pbRing Eigure
2Dnaphsmbeﬁqueydr Ry2 bsefodﬁabsbdve dntilrefl@niec eMmgllammmO Photo-

[ Iect ve coatln er 210 | s for

resb%tifef %laaﬁ qeompesed b nra1¥erﬂa% gytab fogml%goe fl?lﬂlj)gaarphw
prdceld. aRatddidhnct i@t Ao danbie @f EH%rHreseﬁﬁ'hkzer{tFoE' BEdth Y&ist layer

coating |ayer 210 is forned UZ a spin-on process. In

{3

212 conpodéhedt dry dilmgrsistrar ajlijuiksissist. dnan@mhthnh@t dqbatd-regist
lay%{ 2 giqlts co&?gée%c tf'avn%gé:t% ib&gh%}ﬁg ﬁflot% ]rg51§)[n R oﬁ@ gmﬁ&&{n%tgt, photo-

electric
resiolayen21X @ chmpmeg dftagwbaompohan D@Ntrd:sm efﬁdhedmg ¥ @hotoactive
coatlng | ay

10,1 s, subseq osed to a bak
dizgPGHRYE cafer e ARkt Bbaroac 8PV‘§g1fJF% ¢ Rty I 212 may be

foﬁﬂeﬁ‘oﬁleagtltr@ﬂe&@@ o8, ﬁ@?@r@?b iy Lésteclﬁ?cfu%rsﬁitﬂge ﬁglﬁhfbrﬁlgl cover

operation 104 from Fl owchart 100 and correspond |n9
antreflpctive coating layer 210 and to provide a flat top surface to which a lithographic
process is applied. In one embodiment, photo-resist layer 212 is a liquid photo-resist layer
formed by a process such as, but not limited to, spray-coating or roll-coating onto the
surface of anti-reflective coating layer 210. In another embodiment, photo-resist layer 212
is formed by a lamination process and is a dry film photo-resist layer. In one embodiment,

the dry film photo-resist layer is cyclized poly(cis-isoprene) resin-based. In an

-5-
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2D, a photo-resist layer 212 is formed above
anti-reflective coating |ayer 210. Photo resist |ayer
wQiaomear3be conposed of a material suitable foPCT/US2009/048873
undergoi ng a |ithographic process. In accordance with
enbodi nent .of th rese i nventi on, of 0-resi st
eriD GG PHoR g CE oS cd L A THPoR T PUhED BhermEg 0 - 15

mié8fs. Sk anl dhnYAiBEH OsH oM Rdsist [alfy@lt DHX 88inghathvaerc é’r]azpdsﬁlve tone
conposed of a negative tone |iquid photo-resist.

ph@iﬁéew&@w w&h@n cIpbstipeets t@tcon@y@rlom ebphajo-enisy é@/@ﬁ%?r isgelected

to l!aé/‘@h &1?%@1‘4&3& HA B A1 QE‘P} Qactive
I azoqul one es er an a pnen | novol ak resin
(N) ReRmoh@tor @eraion! 189 éron? Fwebyrt k])@O tuod caecbsponding Figure 2E,
anti -, er ve, coat i | ayer. 2 b a t echni que
PhEESTE o 01 Hid SRt Lbvatoatng 1o ped | Gt POLTRibE: fagn o
patt @& p Mr@ml 1dyr PIPMHddep a@tefdeatanhq@ﬂe%ﬁ% @&ﬁmgQaM beh a
I|tho?ra phi c process is applled I n one enbodi nent,
resperstvelys es¢xose afiest portipniof seed) lpypui2@8 pﬂmdtt@lqaég Fever¢dag gqcond
poﬁf&h%?geek&yl? &bgc ?IIQ' § Fﬂﬁﬁlﬂc ith QH %{11%8{11#6&1%% g%e%er%t invention,
- COa ng or ro coa Ing onto sur
ph@tntresmtéﬁj'ee @l 2 ued aatdflegtiveagoating Iyer 2 10 anpbt@ned to form patterned
enbodl nt hot o-r esi st er.212 i.s for by a
Phga ARG 240 B Bt ng Ee ) S iR BT O1p 48 pasked
litHoRYdphic ﬂracéa@ ereadhiRithent! PdtélEdsist 1dyer Dot afnﬁsﬂeﬁléctlve

| ayer is cyclized poly(cis-isoprene) resin-based
coafingritnsdliZA atc, cxphtnddo pdighssoureprds npslediitbograpthi whick §hanges
roRBRSBHIRL Syt PELFTAR R0:0 5ol LTS, 1y Bipocimens
antdrefiecpos cda‘u‘ng ldyen2 1 phisbebsriadi stattbi@ayg éy .scddlager 208 during the

htl}%g)ag) i mcgcg)tgwr% ggﬁé&?}:ﬁglﬁlotglg%fnggé@?ﬁﬁgta]%ﬁrrrgﬁ%ﬁ%%ﬁ lcg tlehrg lgye% 210 1s
pat@dthéd fogbh® ?Eﬂtéfﬁecpé}ﬁf-feﬂgctln%yg%ﬁtlg%gtye&%q{l &hmrﬂeoolevelopmem
oper ati on from Fl owchart correspondi ng

procespusted wEd topasteon pleasp-sesist daper 2 P2 2lnghet carhodiment) phetd-yasist layer
I e

1A RE T RRLEFLIAEAS LEUTPRLAERBE s

phetoatiistdaycape? aﬂdﬁm refepead ¢oaahg Jayt02 X490 ﬁeveaoﬁddrts 1forrn

on of se er 208, d to | eave covered
paligh %@% FeRDier S @Hinagﬁ@ﬁ S0 oGO Cor HROe 0l
res?@ctﬁi@@o dh AR RMbBHintdhe p‘ﬁﬁfosl%@ffst laPMeNbiaAl anRRA RtV €8battag layer
ayer 212 and anti-reflective coating |ayer 210 are

21 %altetd@mlened loy 4 slntigrasuch ppduit poidiroitedeiol &welghy &y szQDaemfd

(0]
BB R AL SE B WO BEU AR enecive
coain@tlayer €30 ﬁpdtﬁmed t@ ﬁﬁnqmteamilanﬁeéﬂlmtze veatim@diyeng 16 in a
H ¥er 210 are exposed to a ht source vi a nmaske
diffqré QERegihCRHAR ecma??g%%t%aﬁ i g Rattgh NhAWEISsilayg 212, Inan

embddiglent bRoROYsi8herPd i efist ¥ oSQpol MtdadkdY @i'Eho%iléfyhlcl dhdan
enbodi ment, anti-reflective coating |ayer 210 absorbs

deydleytnend prcEsre oy pasteaerd I&l}bé}-re@%la@r@rﬂ I4g Naxé using patterned
ph$ trréé)&rl%f)e? '2?4 %E&Sa?lf eanﬁf%ﬁﬁ&ttWS g% nré 190§ 25RO TR Wet ctched to

Ive COa
form patterned anti-reflective coating layer 216.

Referring to operation 108 from Flowchart 100 and corresponding Figure 2F, a
metal layer 218 is formed on the exposed portion of seed layer 208, between features of

patterned photo-resist layer 214 and patterned anti-reflective coating layer 216. In
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patterned to form patterned anti-reflective coating

| ayer 216 in the sane devel opnent process step used to
W@2a10e0213@hot o-resi st layer 212. In that enbodPe®EN$2009/048873

photo-resist |ayer 212 is first exposed to a masked

i thogra hic cess. .Next n the. sane oce Sst.ep,
acqordang paBianienfbadincns o5 e esshtint Slion ol LY Eoa indoried on the
GX¢@¥@f)01211)Q oBE&ddene 098¢ ah @1t Rs Mip AL Rt RAD ekl OMeeS 1:5tr 218

ayer 214 and patterned anti-réflective coating |ayer

mam comgﬁféicqfua\mtyl sujtablg foretiiond iafleqston \ﬁlﬁlbmdrl@@r 498 and suitably
cohBfc B2 A0 A0bLcRLL R, G ORI (EATof 208 g
nxmﬂﬂght2%Nae@ﬁm@bxmgﬁmammthylannbnlun1hydrOX|de (TMM&
not her  enbodi [ coat
1o RELIES toctiond 1P Siomh FlemtcBim a0 a s Hraperatiag BShe 26,
pat&@Add Pribtd-2EaN 129862 1 Nard Fhittbfn@H QR -rPH RERS SoattngRaychans hike
rocess stgf used to pattern photo-resist |ayer 212.

rermweén T psorianenvith @n@ﬂ@od@sqné of thgpegsetiipvengion; pagterned photo-
res%% Pag,%leﬁ'lzf& a%ﬁlléSQ? K %%E?(%Htﬁlg g&i. ??{? &leqR {_?léf by a

orm pat erne ayer
ph(NBtHS],st stsippig g paliutien. nhr.hmlﬂiicmhmetm pttekedgrhoilsiaslager 214 and

antl-reflectlv er 210 is d r wet
Paté‘irE?f’e%P“t’ES’ YR 04tR% Pi%f ? fi“égl cd by @9@%%%@3 S{rRpELE
sold#éh. ReSRchivodirhht %&Eﬁfe&i BRotbOBsibtr18y8r Bl 9 wed pétterdOangind
correspondi ng Ehgure , a netal |ayer 218 is forned
t

reflpgtiyheoaging daye aeirgnosid is deasampypspccap gep-hbt aeespbodiment,

pa%eiﬁ%&éél%?o PP 9&’}1%19% Wﬁ}dﬁ%@%@lg{% t%ﬁ{rll Eét}éé:@g? E%a%éé 1%’%9 216 are

ned anti-re
rmﬁﬁﬁﬁﬂﬂﬂﬂﬂﬂﬂ@pm&é%S&msenbodlnent of the present

i nv n i on, netal r. 218 i s, for n the expo
o FPe s osertion A8 FisgsF loyreii AP dnd Briaspending Figire 2H, the
poﬁr%awséédqay& rz@@ %ﬁe%lodygx @Jve%eawpa&é&earguote%ﬁam ed4 ghd

a netal sultab f or strong dhesi on with seed ayer
patpygedhgidi- @lﬁlre@ta@l cxwa@@gﬂau@rtzl\ﬁels famoviedr it prgordagenith e gmbodiment

of *hega?eseétnigé tl%ﬂbt%ﬁsﬁp@ fs%%&] laérgle?OéFé@%&ﬁov%%%o ?%%1&% 96'1‘165 of

me@aﬂ ¢ihad 22atibl® dfell@md:llaijﬂﬁ)ar in dderabediment; &&pxmrddi ¢fzach line of
[ | ayer 4 and

F| ure. 2G ttern hota-re
?1%9@48@5 PN AR ﬁgn?ra inbig spicang between cach
liné GIRY Q€kics|OT 1IREE DX FIRMGS tWintalppRRiRIBYH I'i’iﬁ*%nSOfTHel'b%rtlon of seed
present invention, patterned photo’'resist |ayer 214

laygha0$esnoxed ey datremered byct global sl pr wgt dtelypiocess6 Impe
emé%ﬁﬂél%ty qu‘tIQIF ?E Q& 2&3%{12@0 {s! rgrﬂbg %h lﬁz'd%)ﬁfsg)g Bgsr%d etching

erne reS|S ayer
solpgdi. elnned eﬁﬂiodtrﬁ@ft |tee glo‘%ﬁﬂ adapriongs labyeediedsthameight of each line

removed a e-based _stri olution. In one
in félﬁﬁ%ffsrf%%es ol P oFigure Faqd Myer 214 and
pat traHedn@ndd foRfrhiRthiiYEArORAd £ ép@&'eelrout?ﬁ? h& Bech AIeMBE. In
in the sane process step. In an enbodi nen
accordance with an embodiment of the present invention, the method includes first
providing a substrate having a dielectric layer and a seed layer disposed thereon. An anti-
reflective coating layer and a photo-resist layer are then formed above the seed layer. The
photo-resist layer and the anti-reflective coating layer are patterned to form a patterned

photo-resist layer and a patterned anti-reflective coating layer, to expose a first portion of

the seed layer, and to leave covered a second portion of the seed layer. A metal layer is

-7 -
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patterned photo-resist |ayer 214 and patterned
anti-reflective coating |ayer 216 are renoved in

WG 2paner7as process steps. Referring to operati oPCT/L2009/048873
from Fl owchart 100 and corresponding Figure 2H, the

tion o eed | ayer eV| us over ed
the o R R GOF B A Sy L1555 PRt S s HERE patterned photo-
res®itdyef £id 86 bhiv@n&Pat- Me&tﬂ%&feaﬁﬂ@a Sr. "BI¥H4BEned Bhoto-resist layer
accordance wi th an enbodi nent of the present

and Hganatteroad alnthr@lesbm ¢aatingfayseag thantsmoyed Figally flassegond
pofyBuR e {164 fySE' SRRl Pl d RERs BEMARRHE aboue pr bglow the
dictaedc laiyere Imbné babsdimicas thaf photresisRREeci andlths snti-tedlective coating
r oxji nat m crons and t acj ng between. each
loy e B PP RO B TpeaRs BS99t B phaE-ys e is pbsed to o
ma@]@&flﬁﬁggf%lﬁb ¥nd d & ctdpRitht pfaa@ssn@ fdrhPihe %ﬁtt@fﬁ&ﬂ}gﬁcﬁ&%ms@ QB er.
renove be renoved by a gl obal dry or wet etch

Nept, threeadi- reﬂﬁctaw cepteiaperris ctchebtoform ﬁl@rpa@?wé@atvrra@@ﬁve
00%91% Il elrr ?lger e&b%?#fé l\{g%)gﬁtg ?%ﬁisq 15;0 ggljéc{s@lg %8 %ﬂ&ﬁ\le
coartm@dem atd‘ilmttlaﬁleghlm th@fsama(plnodessnﬂep nFltsh] ehes photegexst lhyenesd anti-

as depicted in Figure 2G 2H.. .Thus, t ho
reffiGive EBvinE o eﬁ@f@f@ﬁﬂ%ﬁeﬁ%aH&ﬁ%ﬁ@ﬁﬁegapﬁiap%% 254 gt he
phétoS64i Q38 ah RGHALEARER ¢ Wbith gABy @ RO IRPLd & fori@he patterned
present invention, the nmethod 1ncludes first providing
phetogasisitlaver enththeinagcrmcdprti-sefloctive togjiag lavist a seed | ayer
di sposed thereon. An antireflective coating |ayer and
a photo-resist layer are then fornmed above the seed
| ayer. The photo-resist |layer and the anti-reflective
coating layer are patterned to forma patterned
phot o-resist |layer and a patterned anti-reflective
coating layer, to expose a first portion of the seed
| ayer, and to | eave covered a second portion of the
seed layer. A netal layer isthen formed on the first
portion of the seed |ayer, between features of the
patterned photo resist |layer and the patterned
anti-reflective coating |ayer. The patterned
photo-resist |ayer and the patterned anti-reflective
coating layer are then renoved. Finally, the second
portion of the seed |ayer is renoved to provide a
series of netal |ines above or below the dielectric
| ayer. In one enbodi nent, the photo-resist |ayer and
the anti-reflective coating |ayer are patterned in
separate process steps. First, the photo-resist |ayer
is exposed to a masked |ithographic and devel opnent
process to formthe patterned photo-resist |ayer.
Next, the anti-reflective coating layer is etched to
formthe patterned anti-reflective coating layer. In
anot her enbodi nent, the photo-resist |ayer and the
anti-reflective coating |layer are patterned in the
sane process step. First, the photo-resist |ayer and
antireflective
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coating |layer are exposed to a masked |ithographic
process. Next, both the photo-resist |ayer and the

W@ni10/00284 ect i ve coating | ayer are devel oped tRCT/U82909/048873
the patterned photo-resist |layer and the patterned

anti-reflective coating | aye Al M5 What is clained
is: 1. A nethod for fabri fine line and space

W d1fighedGONMPri sing: formng a seed | ayer on a
substrate having a dielectric layer; formng an

1. dnmithed frdebricasing die iling andsieace sHing, ghesingsi st | ayer
31189}{1% ggd ﬁl?%d Ile?éﬂﬁ)rstr %{ziﬁ% Rl 4 d@e{tﬁ& ijayFPOt o-resi st
sa Ry

yer an antl-re eCtI e COa éyer to forma
[:ﬁet*rhmlgmﬁdmpheﬂﬁc-tllve sodingl layemndn @Shatopatittda}ftedbove said seed layer;

SR LTS ST E P R R505 ol Lo o

SeC@E‘t@erﬁé& poRsr&fst ﬁa%lda&paeﬁhdemra,nnfr@ﬂmtm cBatiBt1&)er, to expose
| ayer on said first £ort|on of said seed | ayer,

bet st Pogizanafegidsted layer. pad todeedropist 6-seeandstortion efysaid seed
and saj.d patterned anti-reflective coating |ayer;

renovi rig said patterned photo-resist |ayer and said
platrheigraadetainibyerroaf daricfiisvgoraoadf ngd !;e&yl eayer, a‘mdwearfeammg of said
said seco portion of said seed rovid

sor PSR MbGTers Rl kb Sfired b aelifile C Paye oy
TRoIRicherd Mftcklca bet@%reM’ﬁﬁﬁﬁr And 94ilpBGeridd £hti-reflective coating
anti-reflective coating |ayer conprises spray-coating

or tykra8dat i ng sai d anti-reflective coating layer on

al g g%%?ldl SFESHd: oﬁlon OfsaftELRe ?aygﬂ 0 OA gﬁg‘% szeﬁ{‘élegf?ﬁé?al lines

ot o-resi ayer 1s a resi st
| ay eboveaad diblecteicayfcor mi ng sai d photo-resist |ayer

npris ray c atln or._roll-coa sai d
stnz?thl%iqfs &g 2 tbqu%et?YwaE%{%YﬁbcompﬂseS
spﬂa?-)é@ﬁting‘lor rm%oafﬁ{ggqfh afn-felﬂ@etme%oamgerawbﬁ @ﬁd@e@a 18Rt.d

anti-reflective coatlng er conmprises u5|ng
3. dhgarnthodcdrepamd V\dwwuaseuf}@ otg:restsidayps ishodque pbotarrﬁslat layer,

an(F\'G/ﬁ&% Ipfoﬁ*r%{ﬂg sggi 191%%1 re%?s\t gaggleceo(iixgj %%ﬁgé)r%g?%ﬁﬁlg%fr F @(Latlng said

phmp1mhaﬂqmmohemnwmngeﬂamdesenﬁmﬁaﬁﬂrt|on of said seed

4. 1Y Rt TGt i S e orTIepsee bR ey ses
u51h§§§ okgwb é@)ﬁﬂfoﬁﬁdl BRd £Hye.5 mMcrons and a spacing
5. T%te anleefl?odeoz}cctl]alml ln %vh%ﬁenll ?osi‘fnnggh‘t?oq.h said seed layer and said metal layer
comprises using copper.
6. The method of claim 1, wherein removing said second portion of said seed layer to
provide said series of metal lines comprises forming each line of said series of lines with a
width less than approximately 5 microns and a spacing between each line of less than
approximately 5 microns.
7. A method for fabricating fine line and space routing, comprising:

forming a seed layer on a substrate having a dielectric layer;

forming an anti-reflective coating layer and a photo-resist layer above said seed layer;

exposing said photo-resist layer to a masked lithographic and development process to

form a patterned photo-resist layer;
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approximately 5 mcrons. 7. A nethod for fabricating

fine line and space routing, conprising: formng a
waeadodager on a substrate having a diel ectri cCPCHYS2009/048873

forning an anti-reflective coating Iayer and a

o-resist |layer above said seed er; exposin :
i ottacfebe SHONE I8 oh o R G T PR R B gpating
dev elyeRi® Bpdie @‘f@§c§)oh€bnfdffsmdase@cﬁta§@ﬁ Befton Btk 88H Stsecond
| ayer; etchln said anti-reflective coating |layer to
forﬁ?ﬁmﬁafﬁerﬁewJ&W¥b-reflect|ve coating layer, to

r t
g@%@cag{}éetrhfe %r%glestdl@lf}'sg% 1‘?811(1) gf %1 Qeeh 3:%%¥ bgﬁf]éjen fgatures of said

f or patingnad p‘f&it(&lresisamer anl sad phtifem&ltanpereﬂemme oﬁatﬁ@ lalyer;
seed | aye f eat.ures of said att ned : :
JRBPSIESa R ttm“ﬁ Phojadoustilayesapd siiflaateined aereflegiyasoating
coaldyRf ahdyer; renoving said patterned photo-resist
| ayer and said patterned anti-reflective coating

| rgipevinggad seerrshiiontiorseli @idweed iy chornrpoidc 85cresi Qf nagé@ dines
lay?ﬁo&ﬂmﬂﬂﬁ&eﬂ%c%@%?r'es of nmetal |ines above said

ectric The nmet hod of claim 7, wherein
8. Mhomwithogl @faulajmpbtwtherame chnmhﬁ)ﬂig)salldapat&:ﬁ’nddqyﬁto-ﬁﬂdt mgerchnd said
atterned anti-reflective c erforned

patfqingdantisteiective foatng Ly grys p@f Héff%%ale TOEASS AR 7

9. e hedtibd FoMiR07, Selefbi@WrhrikESdi @ St -Hlce@At ddabing BYBF comprises
conpri ses SFray coating or_roll-coating said

spraytepatingf araetlicoetingoutd ayi-1chlpeltvermatieg Wysewsaidseed layro.
10 Tli‘ﬁe IH)%% rﬁl 9abJI£‘e19em %@f gl%tg-rgs%t gay%g ft aohiu?(? gt?(},‘ho ﬁg‘q}{ﬁ rlayelr,

I qui oto resis yer erei
and; azilldrephfmt*mmgmlcﬁﬁholt(amrst IBQBWGnﬂﬁSeSﬂfrayl-emmgiom golbroating said
roll-c jating %al ﬁto resi st ger on said
phofRupsivtdpics o d “B6aT ??&VF89aéFlg1 " The method of claim
11 9 ThWRRHRIAD TR AN he Rk Ffmidg Jaff Alﬁpﬁeﬂ%@mﬁé%bﬁﬁl@la ayc%ﬁnpnses
conpri ses using an organlc conmpound and a dye.

usingenetasfc wimpionnd and@yei n forning both said seed
12 l %Xg ﬁle?rﬂ)% dﬁaaqmnﬁe% rflfy\ﬁg&mé% kaﬁg §eelﬂslh§]egiaﬁg RREm e(fiéll %ayer

["ai'm Nt enovi seco
compnkmmmngkoﬂ@nd seed | ayer to provide sald serles of
es.formng each lipe aof s ser,i es

FPWQ%O%\M £ Ha wiW i ROV RS EP AP PR P Sasd seed layer to
prdvufers%[bﬁseeesioﬁn@ﬁﬁﬁﬁmo%w@@sefanﬁﬁ%@abﬂ REe &f sal & Bict HBAhes with a

E proximately 5 m crons.
width less than approximately 5 microns and a spacing between each line of less than
approximately 5 microns.
14. A method for fabricating fine line and space routing, comprising:
forming a seed layer on a substrate having a dielectric layer;
forming an anti-reflective coating layer and a photo-resist layer above said seed layer;
exposing said photo-resist layer and said anti-reflective coating layer to a masked
lithographic process;
developing, in the same process operation, said photo-resist layer and said anti-
reflective coating layer to form a patterned photo-resist layer and a patterned anti-

reflective coating layer, to expose a first portion of said seed layer, and to leave

covered a second portion of said seed layer;

-10-
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14. A nmethod for fabricating fine |line and space
routing, conprising: formng a seed |ayer on a
waeebsnease having a dielectric |ayer; form ng BEI/US2009/048873
anti-reflective coating |ayer and a photo-resist |ayer
ove said seed | ayer;, expasing said photo-resi .
?ﬁ%wgme% T T e B B LU0tV Toptures of said
mas kegkrhéd HiRes-2ait Gyl SR8 pARKRUARINBledtiRe kbﬁi@qg%r;
process operation, sSaid photo-resist |ayer and sai .
dmoy e setnatterned ahotagesishlayer epd pad prridcrped adi-relgetive coating
pho%géP%?hst | ayer and a patterned antireflective
coatrng layer, to expose a first portion of said seed
| reyeringaad sccorddgavorcofsaidcated laecwnaopde tisamesaff nsaildines
seed | ayer ornLn? a metal layer on said first portion

of §HP@E§§B£ekQV@ et ween features of said patterned
15P11a¢ arebiRRliotlcldidviar waldirsRhidvRatshRI edRa Ehotb%!;iﬁ_qhﬂre‘f Qnd said

coating layer; renoving said patterned photo-resist
patteapest ardnigflsetived qoatinglaserds aptornpedfin dex sams neoeess Higp-

I X r eV n | . 1] L .
16; JYE i B S BTR 9 E8IroR B Ao ARl BB 35 Comrises
sprdy-ebatty draoll-aypeating shid anfhefleetiveatatfig kiyeri on shdd sost éayer.n

r Vi sai d.patterned phpto-resist |ayer.and said .
17 piﬁ? gieA st v SEm B CRRi 5 byt tiadi PRyiorEgpist layer,
and WhiReh AN gNaRERDR-RsBPlaydibeontfiRe R do Mg @lr b IMeddting said

wherein formng said anti-reflective coating |ayer
pheterrpyistdexer op saifl-aataeflergive costalg laywat i ng sai d

ant | - | eGt | oat | I [ I 7. .
18 7Th Flod T oY 7 R (ol A BRLRRERE b By comriss
usihgyie brdagicaconipgundlaphotige.r esi st | ayer, and wherein

form ng said photo-resist |ayer conprises .

195 She peEwRat sEr 4 B Fr.e%fgfmwgeb&&} M psAdBRE e peid mptal layer
CO@@ﬁ§§h§ﬁ@Q%bp&eflective coating layer. 18. The nethod
of claim16, wherein formng said anti-reflective

20 dhe methadapf shaimddpwheisy gaiongaaidoreeens rordenplodrtiscaa dryer to
. . .. . yr 14, e ( . .

iR ey e MERIR oS R B EOr el e LB lines with
widthilewy ticopperoxidfielyhaidredswd acdpacihgbommbén cudhdireidf less than

rennz%ag sai d second portion of said seed |layer to
APFPIRAEY SANGI%Wer i es of netal |ines conprises forning

each line of said series of lines with a width |ess

than approximately 5 microns and a spaci ng bet ween

each line of |ess than approximately 5 mcrons.
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