METHODS FOR FABRI CATI NG LI NE/ SPACE ROUTI NG BETWEEN C4 PADS TECHNI CAL FI ELD
Enbodi ments of the invention are in the field of sem conductor structures
and, in particular, nethods for fabricating fine |line and space (FLS)
routing for high density 5 interconnect (HDI) substrates. BACKGROUND
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insulation layer or layers. Subsequently, the solder bumps are heated above their melting
point until they reflow and form a connection with the Cu stud bumps of the dic. The

20  actual C4 solder bumps may be fabricated using a number of different processing
techniques, including evaporation, screen printing, and electroplating. Fabrication by
electroplating requires a series of basic operations which typically include the deposition
of a metallic seed layer, the application of an imaged photo-resist (in the pattern of C4
solder bumps), the electro-deposition of solder, the stripping of the photo-resist, and the

25 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
30 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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20  the seed layer. A metal layer is formed on the first portion of the seed layer, between

features of the patterned photo-resist layer and the patterned anti-reflective coating layer.
The patterned photo-resist layer and the patterned anti-reflective coating layer are
subsequently removed. In one embodiment, the second portion of the seed layer is then
removed to provide a series of metal lines above the dielectric layer.

25 In accordance with an embodiment of the present invention, the application of an
anti-reflective coating layer is used to control the amount of reflection from a seed layer,
by absorbing the reflected light during a lithographic process. By absorbing the reflected
light, the exposure of regions of 2 photo-resist layer undergoing a patterning process may
be better controlled. For example, in one embodiment, the undesirable exposure of

30  regions of the photo-resist layer is substantially reduced, if not eliminated, by using an
anti-reflective coating layer between the sced 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
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30 regions of the photo-resist layer is substantially reduced, if not
elimnated, by using an anti-reflective coating |ayer between the seed

| ayer and the photo-resist layer for the lithographic process. Accordingly,
line-width variation anong the features in a patterned photo-resist |ayer
may be m t iWRARME0RII6conpared with |ine-w dth vari ati on roggis2etomnggsfsr om WO
2010/ 002736PC1711S2009/ 048873 scattering in the absence of an

anti-refl et | 1 ' : ' Eporating an
anti-refl egﬁﬂé‘g’%@gﬁ‘% ﬂ’g"{“gxgé“ #ﬁ?gﬁ%ﬁiv?%ﬁ%éa ?%%n g%%éé&?nbc‘éo(afrg‘%gf%gbri cating
fine |inesiicawboryag en ?nﬁ-ﬁymwa@gdiyesmmwaﬁgl schemb brifateicatinged, whil e
the line-w LdL Vi L i | an. rease t @ enable
the scal i ng shaesanh SPEEY MRty PR BBl SEbLRE I TRL RS Ry b
density. | mdiadust Hagsdeswohtrouting cemibesthiassdnto sofble the spalimgofisuch mweting iton, t he use

of an anti - ' | . r e eed.l ayer . and ot o-r esi st
| ayer f(r)% gécl%l t géﬂre \égﬁﬁg@%?%%éﬁs@ (?éigﬁé@é.‘é‘ﬁ]ta%ce&g%cg mtlho eﬂbﬂ@g%%d’g t‘h"::oughness
(e.g. refl presénymvansionhthagde efamptireflpciiveometimelaydr hetveeina seetl laysrandn

anti-refl egtl ' . n odi nent , 0 he present invention,
an anti-r e? {“g%:l't? ?S\flsgﬁ%%rggf Jﬁg%ﬁé'ay%ﬂrl%%w&gg%u Erifenexéena%ﬁlﬁlgﬁag%?oug%ﬁ &8t i ng
fine |ine wmidctivsaotchmglcdimmon i pgenessed thaisdeenoF hevanhaatiirefld@Gve @ptigsiandri ng
operations in t ] ' j.ng fine |ipne and space routing,in an
organi ¢ substr anerrlﬁ %%Eg&gn%?t ﬂhgﬂ?%@g%y aﬁ%ngo%aflﬁna'ﬁefgeﬁg‘éeaq%ﬁ%?ﬁla%? 1st‘ﬁgd present
i nvent ilén. inki methed fop febpiknting|fins flina trel spacesoutinec thipmal isvd Roschzegoesent i ng
operations_j -f or. lcating. fine.li.ne and space routing in an
or ganic suf)ég&rs%t%gég% a%ng,m]i;ﬁl%{ggggorré%%@%ﬁnﬁ lipg and,spa @Hﬁ%lﬁtanof t he
present i noegaic substrate packafRe ireaccondgnee ovithparcatbodimed Qs thie grogefd iovabias.t 100 and

correspondj Fi . a_ huild-up l.ayer 202 .is provided hayi a
di el ectri CP%%% rbg%ﬁﬂ%sﬁgaﬁ%%rg%fﬁeg%olpglovﬁ?‘yﬁ Iﬁprggeggp%g[%& 1o Pt Iﬂﬁg‘écﬂﬁ’ﬁdi nent of
t he presenfabricatiapfinotine ndi spabeuputingyie an @@aniamtbstite bakbgd, i dcdyttincdW4thf or m a

stack qf: | ayer,s 200 ipecluded in an organic substrate package. For 20
exanpl 35 i%&/%ﬂrl\be(’dgﬂ%%af Rfe,seﬁtffge%fogck of layers 200 can include any

bui | d-up | ayer Rdfating aopperativon il 0fromiFhevchad 16Paniotespohdifg FigaresdA, @nbodi nent ,

dielectric,l.ayer, 20 as_a. hened. surf ace . e. dielectric |ayer 204
i s subj ect%‘ﬂ%f%’ lgy e&égﬁgﬂmatﬁegglgglgg 3&5‘2‘}@’&?&3{3&%&?@%3&1@@@% Ingi el ectric
| ayer 204 aeyrdbsceavithanembetinicabdfahd mreseat @edntion,ulli-up 3Gt 0N@ddaNdcaRs and 25

(e On S o0 o 8% B Plverd 40b ShehiRed S5 ordi sub PO iy Y T O e

20 example, in one embodiment, the stack of layers 200 can include any build-up layer that

requires fine line and space routing. In an embodiment, dielectric layer 204 has a
roughened surface 206, e.g. dielectric layer 204 is subjected to a desmear process, as
depicted in Figure 2A.
Dielectric layer 204 may be a layer suitable for electrically isolating devices and
25  interconnects on the face of build-up layer 202 from subsequently formed fine line/space
routing disposed above or below the dielectric layer 204. In an embodiment, dielectric
layer 204 is composed of an epoxy-based material with silica fiflers. In one embodiment,
dielectric layer 204 has a roughened surface 206 with an average surface roughness
approximately in the range of 0.5 — 0.6 microns, i.c. the average depth of the V-grooves in
30 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 dielectric
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routing di sposed above or below the dielectric layer 204. In an enbodi nent,
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Referring to operation 104 Flowchart 100 and corresponding Figure 2C, an

anti-reflective coating layer 210 is formed above seed layer 208. In accordance with an
embodiment of the present embodiment, anti-reflective coating layer 210 is formed above
seed layer 208 to absorb light reflected from the metal surface and from the roughened

25 topography of seed layer 208, as depicted in Figure 2C, during a subsequent lithographic
process. Also, in one embodiment and as depicted in Figure 2C, anti-reflective coating
layer 210 fills in the surface roughness of seed layer 208 in order to provide a flat surface
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

30 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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30 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
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of seed | aykdio- 23« 12989 th On g;ﬁﬁdfﬁn&ﬂ,vtﬁé E{gmﬁ)sﬁf)ﬁ Spﬁkﬁ&{:etsf.[sﬂg%e?fqgﬁgsglg%tgg er 208.

I n accordance wth an enbodi nent of the present inven 0-resi st
| ayer 212 ks chamicallyeqmenatibleavithaatiireflectivg eatiog Byen2dOpat t erned to form
patterngd phot og&ESin I Izt efd | ve,ecoating

| ayer 216 bg/ a rr%askegtt? #ﬁ%ﬁggﬁ?@@@@%&@.laﬁgﬂ"?‘%ﬁs@ﬁ%ﬁa‘gﬁ%ﬁ"?ﬁ

phot o- r esi BRot9-5spist lagar213 gud ami-tefleative eeating dayenitli angpdtigsned tfbfmar e exposed t o
a light sopfeeeMi T ' i Gh- i of
phot o-r esi g{t&l gg«grﬁ()tg?ggfg%gje ginl? ?‘Q?gp F%ct | vagggo%l%?geggqaggy%fray%%é.é’ In an

enmbodi ment TesAstrggly.ito pxmosee fifsyporiernef sae laper 808,200 talos@rdosertd gidcomtat t er ed by

seed | ayer ' | § e . ration.. .l n
enbodi rrentl,)&gﬁ% &%e!é‘?%‘%?{% \%'eh%:%a | ng@ﬁt}l}%ﬁi%&%&@g&ﬁoﬁﬁ@ edrregsg'c]f oS m
pat t er d8d pliotg-resist layert21 9 endomiticfleptive yeating lager 2 Otahepastamed thefosh pgiteemedd pr ocess

step used ). r | S\ACIS ﬁje hat , enbodi nent ,

phot o- r esi %l%tf%%ﬁagef%qggﬁg# 7 s‘tﬂégia(%ggegl o%gat#lgsléyée{jﬁ | yh%%'?sgﬁcﬂi C process.
Next, in tlifbographic pioossesk thatemboditent, phate-rasist byerl 249 end @tizrefieuive
anti-reflecti: | I evel oped.t.0 form patterned

phot o- r esi gah¥§§lg%§2 Qggaér)fggsgg%otz %i?%hga&é%t‘f@ e eg(lzl |°§@P%%§Fﬁ°ﬁ§€ﬁﬂ§§ﬁer 216,

r espect i vepoytionsmef photemisisti layent]2 aphattoreflestive icodtmy daye?d1D. dndn embddimedt) ecti ve
coat i ngzl r . ar .30l uti on, such. as ut .not, limted to,
1 wei gﬁ? %ﬁ@wgrcﬁngg F’a?ﬁcfé{i ﬁ?ﬁb garé}ﬁsgl%ﬁ%g?ﬁah? LA la(yﬁ\%%)‘me% not her
enmbodi mentlithegrephic efpbaut dpeeatds. boateienolimest, ai-feflestieabatiignadr 210 isor m
Phan tho. Jrsinel fBE by aagh teu Rt Brer f ety s abhagy o
ermbodi mentproghostep used ispatteanpbotoédstilayet 2125 tin ehap asballiment phomsresist layer

214 Next Dod B SEPRATR R R DR e RSk e S w5, ©
anti - r 86| epionesistdager A2 hralaati-rfldtivscodtivg Ryer@0 artdedebddao &Pmf or m pat t er ned
anti-reflective,coatin aver 216. Referring to eratjon 108 from

Fl onchart P£0 rxlg%@lo%gﬁsggiﬁg%%lﬁan&aaﬁ%d ﬁ-reieﬂgtegpaqngﬁ F’rg is formed on
t he exposedspectivtelyorin eh embeadimbtyghotolfaSist Inps P ind trefl@bivoéoafiad laggned

phot o-res Iﬁb al‘ea e%‘reloge]azlbyaans%hﬂl%}l gl?c%rég,c{)u?gétlli_n{iteezi ltoe,(itv!re\{geht g(? ﬁgz'cn 3 OF ayer 216. 1In

tetramethylammonium hydroxide (TMAH). In another embodiment, anti-reflective

D

11E1

25  coating layer 210 is patterned to form patterned anti-reflective coating layer 216 in a
different process step than the process step used to pattern photo-resist layer 212. Inan
embodiment, photo-resist layer 212 is first exposed to a masked lithographic and
development process to form patterned photo-resist layer 214. Next, using patterned
photo-resist layer 214 as a mask, anti-reflective coating layer 210 is dry or wet etched to

30 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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accordance with an enbodi nent of the present invention, netal |ayer 218 is
formed on the exposed portion of seed |ayer 208 by an electrolytic
deposition process. Metal |ayer 218 nay be conposed of a nmetal suitable for
strong adhesion with seed | ayer 208 and suitably conductive for formng a
conduct i ve WO 2ao/om2t86an enbodi ment, both seed | ayer 208 ramdis3oopedssis | ayer
218 are conposed of copper. Referring to operation 110 from Fl onchart

100 and co ' ' to-resis ayer 214 and
patt orned Asprna el cbleinPor BEb-EP 0 Aot RemAshdBce wi in
an enbodi nexposek portian qfsessidayer 2O enan dectrofyic tdeposition phaxtss: Mxalddyet 2iger 214

and patter | = Cl] | Vi 216 are noV. b 0

phot or esi s?ﬁg%) ?P%%?(ﬁgié%%%ﬂx%ﬁﬁ aﬁ%fog%tr&en%o FHENnt, Sﬁ’gﬁ!i FL ¥?rn?§g aﬁ‘xﬁ}?a'ﬁéwesi st

| ayer 214 eendugtivetfenfouing aiconductitedingi Irearcayaticdinmgenk, dpthrse2dl Bya268 amhoved by an
am ne- base LRp S | | n_one enbodi nent, patterned photo-resi st

| ayer 214 giﬁ%i%g%?el?%léecf%giﬁ’éeia%rfg?qugtive coating |layer 216 are renoved in
t he sanme procesRefetiap to ¢reraiion @ bl fromfbovrchap 400 endedregivating Fdsies2G,| ayer 214
and patter L-refl i coat i l.ayer 216 are.15 re ed in separate
process stgps. EZ% %t??‘igﬁsg? Sy%ééggp?%egmfégﬁieﬁgﬁ m{ayer%géagnd

cor r espondiengvéd. gnmecoddnce with pembaiimert of the rdsent GiveRidh, patewmed phbdty- cover ed
by pattern 7 ' er. 214 and pattern anti-ref] ective coating

| ayer 216 Ileegsﬁg?r%gé%%q p%&gggg%?%léﬁémetcﬁﬁ?ﬁﬁa@%g& HeFROoSe %’h% present

i nvent i1n, pldtaresigystripping saliiticre dd ah aybodiOft, pateredphato-risist pyendldan® seri es of
20 netal |} 0. above dielectri ayer 20 I n_one_enhodi nent, the width
of each | i#l%%%feg tle'rels%%?tfvgsco%tfngﬁ?%glg??%rﬂovleég)é a ?fﬁ’ﬁeé’ﬁgﬁmpﬁﬁﬁm y 5

m crons ansbittive. &paeienthobimient patteemaphbionesibtiayeh2l 4sadipagerdéd dntines 220 i s

| ess than roximately 5.0y crons. Th ortion of seed |ayer . 208 renoved
may be rerrlta)e\[;1 R A HSI%'B‘é?fgaafvegpvﬁgfﬁ%{)ﬁ?ﬁwmgﬁsﬁgp' ﬁﬂa‘h bodBetnent , the
portion ofpatemdd beoteresBOByt21n endyatimed anfi-rdfRERV-ITN tbpseds @kchi ng 25

sol uthg. rIn O"Qf enbodi nent, the global etch process also reduces the

hei ght 3f SROKSY P XPHHC PREE¥FP%s of |ines 220, as depicted in Figure 2G
and 2H. ThRederring toadpodod 012 freth Fiewhard §00 indolrbspendneFER el Mét i ng has

b di scl d. . W.th mbodi t of th toi tion,
e ot nod PR YdE 1 208 Fegotalr Py e S RSiar P homyrens Wl B 11 ¢ | ayor

and a seedpatteyned adi-floaie chdtipenir 28Ns atidved 30 dcedriaRt WHE af eRabbdiGieAtayer and
a phot o-resfj é[ %&T\{er are then f.oggf%ﬁgfove t he seed, | ayer. The photo-resi st

| ayer and ¢ Liprygntign.thi§ gortig ayer-408 4% remexed g PRyl aseriey oh a

pat t er ged péeitlies 220 sbovd digRttria Mep2(aa T S5 @sbodithdnt, eS WRIEH df\eBciCaRtorng | ayer,
to expose 2 first oré' n.of the seed |ayer, and tq | eave covered a second
portion oftRf fEiey ep %/&s'les thﬁgtaaqrong&a@y gucrons and the spacing between each

line in the series of lines 220 is less than approximately 5 microns. The portion of seed
layer 208 removed may be removed by a global dry or wet etch process. In an
embodiment, the portion of sced layer 208 is removed in an H,Q./H,S04 based etching

25 solution. In one embodiment, the global etch process also reduces the height of each line
in the series of lines 220, as depicted in Figure 2G and 2H.

Thus, a method for fabricating fine line and space routing has been disclosed. In
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-

30 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 sced layer, and to leave covered a second portion of the seed layer. A metal layer is
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WO 2010/ 002736PCT/ 1 1 S2009/ 048873 then formed on the first portion of the
seed | ayer, between features of the patterned photo-resist |ayer and the
patterned anti-reflective coating |ayer. The patterned photo-resist |ayer
and the patterned anti-reflective coating |ayer are then renoved. Finally,
the second PYOX18M3¢ the seed layer is removed to provPEEUSR0eMKEHS Of
netal |ines above or below the 5 dielectric layer. In one enbodi nent, the

phot o- r esi stherl fayéd sivtle EREpeHAb of 1BE ke%&’ldy&eb&&@éﬂ f%guﬂe@%te{he Et‘?en?e% d}hﬁ{oned 'n
separate pr ocejs steps. First, the photo-resist |ayer iIs xpos

masked | it HEYSARIT andtheipatistned é%é‘-‘rﬂectafedem lexsr.f Thapattimmed phaterasistilayer
phot o- r esi sindltiyiRbternblexiti-refB®iva Bd &&B%Fn tched to
formthe pattern ergn A -lFrgergt F%/ém%gjg%fﬁgth\égrer nﬁlg%lg%’/ﬁ{eersle% odi nent ,

t he phot o- rAEHC C%y‘@? layry it W@O&?ﬂtp@mdeewnwfmt%ba@a ahgvd ernybefovathe
patternesl idielédifc BRMFE P6RGRHDARIAD the'iJhBt%lmsﬁ,tg@ePE}f&fttﬂ?]&ﬁﬂeﬁhctlv%%gr a”d anti -

reflective coat| ng | ayer are exposed'to a na ogr aphi ¢ “proc

Next, bot h [E¥fEaismattandda separategrasesasieps: Firstatheiphetetresis layoris copisediy o ayer are
devel oped  trfuskaf Iihé dMphRAHAERGSH ferned
anti-reflective coaét?iﬂ)ng Inayer MQ#QCJSS\EJQFM%?F%? &2‘0&0% eQ’?Lt t‘lf met hod for
fabricati na\sef‘ the anfirretlective eqstinmplayeris etalepd te Samprthepatigmed anti-reflegtivei ng a seed

| ayer di r eebitagtived Risb@E!ditfoclue g ereﬁst%%}éfgﬁﬂga RoLELA the entire
seed layer is . formed directly on the ectrl ayer ormn

ant i - r et e ©P#iPg 1BysR AT Battaragsdn thermame prsigess otep o Eirst the almm-raisowemd dntseed

| ayer; fldevd a1y 3l [ n refl ective
coating Iareer to forng;lgy pate%é{?%gg%p%%tﬁ%é{lg%?égﬁ?gggfgsgnge% f;’)‘g?fbeer ned
anti-refl e@%l?tvée%bﬁwrr?@dlw reflestivg prasing lyériarsdevploped torfornd ths pattbrseled

llayer, andph@toh@RY BiyGMA HRDafernEE HTreBOLHL %‘m% la'%(g' j d seed |ayer;



formng a netal layer on said first portion of said seed |ayer, between
features of said patterned photo-resist |ayer and said patterned

anti-reflective coating |ayer; renovi ng said patterned photo-resist
| ayer and said patterned anti-reflective coating |ayer; and removi ng
said second portion of said seed |layer to provide a series of nmetal |ines

above said dielectric layer. 2. Thgggshﬁgd of claim1, wherein formng
said anti-reflective coating | ayer es spray-coating or roll-coating
said anti-reflective coating |ayer on said seed layer. 3. The nethod of
claim 2, r.ei ald photo-resist layer is a liquid photo-resist |ayer,

and wher ei ?d?ﬁ? é%ld phot o-resi st | ayer conprises spray-coating or
roll-coating sald photo resist layer on said anti-reflective coating |ayer.
4. The method of claim wherein formng said anti-reflective coating

| ayer conpri ses BSHR ﬁ%ﬁ@ﬁ%ﬁﬁﬂEn%hmﬁﬁﬂﬁﬂm@ﬁ@mangéuwwgg The net hod of
claim 1, whereifrmiiap HisB& H?érmu%@t'lﬁjoﬁ g%l‘%ﬂffa &nﬂo§%guﬁ§ﬁ5t@| whé¥ithe

conpri ses using copper. : hod o 4 ereln renoving said
second poﬁpﬁ@ﬁeﬁlawllﬁfosl@éhdlr@ﬂﬁpnwq:;ﬂmmqbysral d series of metal lines
conprises fom I ard a wdth . less than
approxi matel y m c glﬁsahtgg fgngea%o%ﬁg'iéggfm&;%piéﬁgﬁe Sttl % f‘bqvgsggldtsﬁ
approxinaﬂakg 5 mcrons. 7. The met hod of claim1l, mhereln a top surface of
e Sheeet bt ERfEg i R ENS ey anll S abtefiivd Somting Tayer T Formca | "

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;

forming a metal layer on said first portion of said seed layer, between features of
said patterned photo-resist layer and said patterned anti-reflective coating layer;

removing said patterned photo-resist layer and said patterned anti-reflective
coating layer; and

removing said second portion of said seed layer to provide a series of metal lines

above said dielectric layer.

2. The method of claim 1, wherein forming said anti-reflective coating layer
comprises spray-coating or roll-coating said anti-reflective coating layer on said seed

layer.

3. The method of claim 2, wherein said photo-resist layer is a liquid photo-resist
layer, and wherein forming said photo-resist layer comprises spray-coating or roll-coating

said photo-resist layer on said anti-reflective coating layer.

4. The method of claim 2, wherein forming said anti-reflective coating layer

comprises using an organic compound and a dye.

5. The method of claim 1, wherein forming both said seed layer and said metal layer

comprises using copper.



form ng a seed layer on a substrate having a dielectric layer; formng an
anti-reflective coating layer and a photo-resist |ayer above said seed

| ayer; exposi ng said photo-resist layer to a nasked Iithographic and
devel opnent process to forma patterned photo-resist |ayer; et chi ng
said anti-reflective coating layer to forma patterned antl-reflectlve
coating | ager, The f%08ef dlafrh rlsﬁvhél@fntﬂeﬁﬂviﬂ séﬂ'sgccﬁﬁ&grtloﬁyo? said se?d lFaOer | eave
covered a second portion of said seed al“Tayer on
sai d first©gIPYids saidmerigsiof Ig%téldmeayempﬂmtfmng anth live ca’csarat sefies bEHidsr es of

-refl
sai d patteyigd WM s HH Slprd:SNEler pg][l oL n aafg %P%%lglg?bg netglle eiri ecf%flﬂﬁsssm q

coating |l a renovi ng sai .
patterned ém&mr@ﬂmé@b’li/@lmtl ng | ayer; and renmoving said second
portion of said seed |layer to provide a series of netal |ines above said

dielectric layer. 9. The method of claim8, wherein renoving said

patterned phot cFleanethvd dfzofaim B mdhesir dltopatifaied@theafidlicthi€lah &Gt fo &B&t i ng
| ayer is perforned in the sanme process step. 10. The nmethod of claimS8,
wherein formng said anti-reflective coating |ayer conprises spray-coating

or roll-caati ngA sakihddnd fabhickihe Ghé e SR h&%ﬁtﬂ%séeé d seed |ayer. 11.
The et hod of cl aim 10, mherelﬁ sai d ho?o resi ?@%ﬁﬁﬁg s aliquid

phot o- r esi st EmmgéﬁﬁﬁWHﬁFépﬁmﬂ@ﬁﬁ@ﬁg“@ﬁﬁdm%ﬂmMDbWﬂS|st | ayer conprises
Spray-coat | ng Forrhif lan GRATEAR ive ddhting 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;

etching said anti-reflective coating layer to form 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;

forming a metal layer on said first portion of said seed layer, between and
adjacent to features of said patterned photo-resist layer and said patterned anti-reflective
coating layer;

removing said patterned photo-resist layer and said patterned anti-reflective
coating layer; and

removing said second portion of said seed layer to provide a series of metal lines

above said dielectric layer.

9. The method of claim 8, wherein removing said patterned photo-resist layer and

said patterned anti-reflective coating layer is performed in the same process step.

10. The method of claim 8, wherein forming said anti-reflective coating layer
comprises spray-coating or roll-coating said anti-reflective coating layer on said seed

layer.

11. The method of claim 10, wherein said photo-resist layer is a liquid photo-resist
layer, and wherein forming said photo-resist layer comprises spray-coating or roll-coating
-10-



said photo-resist layer on said anti-reflective coating layer. 12. The

nmet hod of claim 10, wherein formng said anti-reflective coating | ayer
conprises using an organi c conpound and a dye. 13. The net hod of claim 8,
wherein formng both said seed |ayer and said netal |ayer conprises using
copper. 14. The nethod of claim8, wherein renoving said second portion of

sai d seed .l (WY o] YoyVA L0 sar i l-@g | i nes conprises formng
each line o ¥§g? %§#§§£g€?5€?ﬁ5§§§F§%cggmn %ﬁkless t han approximately 5
m crons and a spaci ng between each line of |ess than approxinmately 5

m crons A t ho or. fabriicating.fi.ne.line,and space routing,

conpri si ngjg15 for n‘aetgocieoénad%éﬁ’ Sllﬁlelgms e, sad r?&grfﬁﬁec VBi PR ?a[ygr | ayer ;
form ng awromptitesusihl @€ bigdgic compoui@ andydye.and a photo-resi st | ayer above
sai d seed | ayer; exposi ng said photo-resist |ayer and said
anti-reflective coating layer to a nmasked |ithographi c process;

devel opi Ng3. i N ThB EneBRARIRINE BS FhRR BLrhiAR bothdhid sBROLRr288 58l nled) ByeAnd said
anti-reflective coating layer to forma patterned photo-resist |ayer and a

patt er ned CaHPIISCE BRINREQHPPE coating | ayer, to expose a first portion of said
seed layer, and to | eave covered a second portion of said seed | ayer;
formng a netal layer on said first portion of said seed | ayer, between

f eat ures & sailde peethadrofethipHs wheredsrentovingyseid ssexhdywmirtibrpalt sask svedl layer

anti-reflective, coating laver. . renovi ng sai,d..patterned. phat.o-resi st
| ayer and?os Q‘i"’é{l dﬁa%%esreﬁedo a%‘f:{al- P qompriyes fég]él%? 5 E@ee?%, s (ﬂﬁeneg O%m?se novi ng
sai d secomdthpowidtiofesothas apgtosiaetly aygitrono afdt 8 ¥padtgebetwénatclplind'ef Rks | | nes
above sai dieIeCIriq%%a.er. 17. The method of claim 15, wherein formng

sai d ant i FPBAPRIOKIMAL R8> 1 ayer

15. 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;

forming a metal layer on said first portion of said seed layer, between features of
said patterned photo-resist layer and said patterned anti-reflective coating layer;

removing said patterned photo-resist layer and said patterned anti-reflective
coating layer; and

removing said second portion of said seed layer to provide a series of metal lines

above said dielectric layer.

16. The method of claim 15, wherein removing said patterned photo-resist layer and

said patterned anti-reflective coating layer is performed in the same process step.
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conprises spray-coating or roll-coating said anti-reflective coating |ayer
on said seed layer. 18. The nethod of claim 17, wherein said photo-resist

| ayer is a |liquid photo-resist |ayer, and wherein form ng said photo-resist
| ayer conprises spray-coating or roll-coating said photo-resist |ayer on
said anti - rEITI ectl ve coating layer. 19. The method of claim 17, wherein

form ng sai d”-ant iThg anetbed jof elaimai 5, nghémmeformﬁ{gpﬁd;&%tx#@ﬂé&ﬂv@%o&ﬁ%ﬁ #;ﬁ
conpound angy quég SPr#é ﬂ% o Binedof chaim 15, wherein formng both said
seed | ayer an sai d ayer cé’ﬁ%‘i“g sud agyr CEypperiing lager thaudrmtehﬂod of
clai m 15, wH¥fkein renovi ng said second portion of said seed |ayer to

provide said series of netal |lines conprises formng each |line of said
series of lines with a width | ess than approximtely 5 mcrons and a

spaci ng bet Ween €bemethod @f @faitha%s whbah @a@cpfyﬁ)&j)-?@sﬁs? llf§§'e15 ierIi ﬁ&l?lg %hoto-resist

layer, and wherein forming said photo-resist layer comprises spray-coating or roll-coating

said photo-resist layer on said anti-reflective coating layer.

19. The method of claim 17, wherein forming said anti-reflective coating layer

comprises using an organic compound and a dye.

20. The method of claim 15, wherein forming both said seed layer and said metal

layer comprises using copper.

21. The method of claim 15, 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.
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