| NTEGRATED CI RCU T SYSTEM W TH ULTRA- LOW K DI ELECTRI C AND METHOD OF

MANUFACTURE THEREOF TECHNI CAL FI ELD The present invention relates to
the field of integrated circuits and nore specifically to integrated
circuit systemwith ultra-low k dielectric. BACKGROUND ART Modem
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semiconductor field effect transistors (MOSFET) and other active and passive circuit devices.
Advances in integrated circuit technology continue to shrink the sizes of these devices and
drive for higher performance with minimum power consumption. This dichotomy has
inspired various approaches to solve the need for speed at lower power.

20 One approach involves continued shrinkage of key features of the integrated circuit
technology while using new materials. This approach provides a size reduction but continues
to struggle balancing cost, performance, and power.

One area where the paradox of performance, power, and cost is most evident in the
modern semiconductor manufacturing era is in the need to reduce the size of transistors of an

25  integrated circuit.

Thus, a need still remains for improving the yield, cost, and performance of the basic
semiconductor structures and manufacturing to obtain maximum performance improvement,
power reduction, or both. In view of the demand for faster and higher capacity

semiconductor devices, it is increasingly critical that answers be found to these problems.



DI SCLOSURE OF THE | NVENTI ON The present invention provides a nethod of
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B s L
i ntlegr ddyetl statk bavihg ay ahameflectiae chating laperudvae taunaskingplagae a photoresist layer
over the anti-reflective coating layer; a first resist line and a second resist line etched from the
photoresist layer with the first resist line and the second resist line separated by a through line
pitch on the anti-reflective coating layer; the anti-reflective coating layer etched using a low-
pressure polymer burst with a non-oxidizing gas mixture to remove a portion of the anti-

20 reflective coating layer; and a first polymer layer over the first resist line.

Certain embodiments of the invention have other aspects in addition to or in place of
those mentioned or obvious from the above. The aspects will become apparent to those

skilled in the art from a reading of the following detailed description when taken with

reference to the accompanying drawings.

25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view of an integrated circuit system in a first embodiment of the

present invention.

FIG. 2 is a cross-sectional view of an integrated circuit system in a first manufacturing

phase.
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FIG 5 is a cross-sectional view of the integrated circuit systemin a
fourth manufacturing phase. FIG 6 is a cross-sectional view of the
integrated circuit systemin a fifth manufacturing phase. FIG 7
is a cross-sectional view of he integrated circuit systemin a sixth
10manuf act uging, phase, . FIG. 8 is,a cross-sectional view of the

i nt egr at eduIEcI:dr?c%JiIF asycsr?sghsle?thongi své%n(ffﬁﬂ}’?aﬁﬁ?%g&earflﬁcdntp%sé%? - a Sec%rfdG 9is
a crossmamehituongphaseew of the integrated circuit systemin a eighth

manuf acturi ng phase. 15FI G 10 is, a cross-sectional view of the integrated
circuit sysfidin #nisa2nfiebhsqetAtd ariewr iohgthghitegrated circuft) gystam jns ag thir

cr oss-&gﬁﬁ%%gﬂagy of the integrated circuit systemin a second

enbodi nment present invention. FIG 12 is a
Crdss- sect i idal 5 viseav a@bssadeciiditabgriew edf che dhiefraseds tc@omit rsystamt i rad fourth
20enbodi nent of the present invention. FIG 13 is a cross-sectional

vi ew dft?f é"t}“ﬂ‘ﬂ%@aéf'ed circuit systemin a fourth enbodi ment of the present
invention. #cG 614 hScRsdi@88MITidhh &1t ﬁfeo'iﬂF%xjafeﬁegﬁl&l}iP réa'g(%mt e d rﬁi{ﬁﬂr at ed

circuit system FIG 15 1s a diagramof the ne edge ro ness of e
i nt egratedadiriegpltassystem 25FI G 16 is a nethod of manufacturing of the

integrated circuit systemin a.further, enbodi nent aof the present invention.
BEST O VeDE. FOR- ARy R KECBRCoTPRRL | KigENTT e meetaip o Orey s 5 BrnodHent s
ang® desemifh@grihdpigadéficient detail to enable those skilled in the art to

make and use the invention. It is to be understood that other enbodi nents
woul d be FIG. 8 is a cross-sectional view of the integrated circuit system in a seventh

manufacturing phase.
FIG. 9 is a cross-sectional view of the integrated circuit system in a eighth
manufacturing phase.
15 FIG. 10 is a cross-sectional view of the integrated circuit system in a ninth
manufacturing phase.
FIG. 11 is a cross-sectional view of the integrated circuit system in a second
embodiment of the present invention.
FIG. 12 is a cross-sectional view of an integrated circuit system in. a third
20  embodiment of the present invention.
FIG. 13 is a cross-sectional view of the integrated circuit system in a fourth
embodiment of the present invention.
FIG. 14 is a diagram of the through line pitch of the integrated circuit system.
FIG. 15 is a diagram of the line edge roughness of the integrated circuit system.
25 FIG. 16 is a method of manufacturing of the integrated circuit system in a further

embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The following embodiments are described in sufficient detail to enable those skilled in
the art to make and use the invention. It is to be understood that other embodiments would be
30 evident based on the present disclosure, and that system, process, or mechanical changes may

be made without departing from the scope of the present invention.



30evi dent based on the present disclosure, and that system process, or
mechani cal changes may be nmade w t hout departing fromthe scope of the
present invention. In the foll ow ng description, numerous specific
details are given to provide a thorough understandi ng of the invention.
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materi al or Fohexmrsisiyspurpsses.cyaiterad “havizootali agyusedchesein iip defingdrasca glaae

Referring.nowto FIG 1 herein.i.s shown a . top View i 2

ci rcui tpag’ygf@nﬁthi (?gmie T éh?é?es?ﬁhﬁ%%ﬁrﬁgﬁtm@ﬂlt P‘I’fgacﬁ’r %5%@63?%5%% %ﬁ%’é\t?ﬁ@ﬂe
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i nput/output (1/0) cell, a functional block 104, and an interconnect 106

confectlenys,vsuchoass “dloagantbslay”, t hettomi.e Goat.eFidd r @si 0 ‘Sjdewath hodugheRe 30
integrated gircuit, syst.em 1Q SO, | . i i 1t nt
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have patterning, exposure, development, etching, cleaning, and/or removal of the material or

25  photoresist as required in forming a described structure.
Referring now to FIG. 1, therein is shown a top view of an integrated circuit system
100 in a first embodiment of the present invention. The integrated circuit system 100 includes
an external cell 102, such as an input/output (I/O) cell, a functional block 104, and an
interconnect 106 connecting various elements of the integrated circuit system 100. The
30  integrated circuit system 100 also includes an internal circuit element 108, such as a passive
circuit element, and a peripheral circuit element 110, such as a passive circuit element. For
illustrative purposes, the integrated circuit system 100 is shown having boundary or

peripheral /O ring, although it is understood that the integrated circuit system 100 may have



a different configuration for the external cell 102, such as an array
configuration for a land grid array. System requirenents often
requi res devices, such as the integrated circuit system 100, to interact
with various systemenvironments resulting in the integration of various
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15 | ay erso sem co eria epositing on to strate to
creat ana:rml reixouit elehene b®8, suphreaisle avithiatisl ®roarea of the 1mesgated1begnasyeténci rcuit
system 100 can be manufactured using a Via First Trench Last (Vrit) schene.
The VEHO schene can have multi pl e stages of processing including a. post
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stage, and other ~ 20 variable stages. Each stage i1 ncludes Anther processing
of thecquuttesgstameld)OQfﬂ:Glz1rswﬁtsemamﬁlfactufﬁhgpmsesent i nvention depicts on t he
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ultra- dugwaga@laﬁglﬁ@irl c layer 212. The hardmask | ayer 210, such as a netal
| ayer, is used to preserve the Eatter ning of smaller features than can. be
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A reactive’ion e g process create a vid recess 244
ext endvia Reattdregion Haching stage, a post-lithography stage the ARC/LTO open stage, and other
20  variable stages. Each stage includes further processing of the integrated circuit system 100.
The present invention depicts on the post via RIE stage, the post-lithographic stage, and the
ARC/LTO open stage.
During the post via RIE stage, the integrated circuit system 100 includes the etch stop
layer 216 with the layer stack 220 over a portion of the etch stop layer 216. The layer stack
25 220 includes an adhesion layer 214, such as an oxide-like layer, formed over the etch stop
layer 216, an ultra-low k dielectric layer 212 (ULK) formed over the adhesion layer 214, and
a hardmask layer 210 (HM) formed over the ultra-low k dielectric layer 212.
The hardmask layer 210, such as a metal layer, is used to preserve the patterning of
smaller features than can be preserved using an organic etch mask. The hardmask layer 210
30 can be etched using a hardmask pattern to create an opening for a via or a trench. A reactive
ion etching process (RIE) can be used to create a via recess 244 extending though the

hardmask layer 210 and into the ultra-low k dielectric layer 212, the adhesion layer 214, and
stopping on the etch stop layer 216. A planarizing layer 208 (OPL) can be formed over the



hardmask | ayer 210 and into the ultra-low k dielectric layer 212, the
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roughness can be expressed a.s the deviation of a line edge froma strai ght

|i AB. Qansteate theadamaoriogyeyeedifi.-r ement s demand a shrinking of the CD during
the react!vendOion of 'Sl BIACES Sesift tineS ' ditHed SRR faylol Rtk M BB P! @

to avoid an over
characterized by a critical dimension (CD). The critical dimension is the smallest

geometrical features which can be formed during semiconductor device manufacturing using

a given semiconductor technology. Often during the process of reducing the critical

25 dimension, an unwanted side-effect is the increase in the line edge roughness (LER).

Irregularities along the sides of the formed geometric features can increase the line edge

roughness and can lead to unexpected errors including short circuits. The line edge
roughness can be expressed as the deviation of a line edge from a straight line.

Current technology requirements demand a shrinking of the CD during the reactive

30 ion etching process, but still keeping the minimum CD bias to avoid an overall increase in

copper line resistance. Meeting CD bias targets are challenging for reactive ion etching

Processes.



copper line resistance. Meeting CD bias targets are chall enging for
reactive ion etching processes. For WIl, schene, the present

i nvention perfoins nost of the shrinking of the CD in the ARCILTO open
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cir Cu'r{latg‘x)f%ﬁt majggobf;g%gr H&S}n'ﬁfkehf ggra:pﬁﬁéeCDsfo? infARit9fank! {Fde liibeaphRSt - Vi @

R1E s I ntegrate rcurt system 100 i1 ncludes the etch stop
| ayer pi‘dnﬁass)fmzﬁ'gﬁs 2ndvGIh tﬂdme—ubal;raznndtthcldlmﬁomdmgeraﬂpondq: dPHIY) dlérmingt ch
stop layer 216, The I Zg ncl udes e 15 adhesion | ayer 214 of
FIG 2PrPefse ?i%?lé‘i’idggrﬁ‘f)eslt ?/ié R ess The | ayer stack 220

;g@' udes t fl@efeﬂnh%%dv@% k1G] 8! Scteld & Lrawal 2 2h%ss Qbctioh@ vRwl of fRdinyeted he

hesi on | ayer 2T4. The layer stack 220 include the -hardmask | ayer 210 of
FI G Zzufcmt speteroV®d of FEGul tin asbqud Imatiugicauring phapeay Blre Piepratqth eir¢ual/sstest ack

220 incl udes e 1G 2 ext i.ng fromthe 20 hardmask
Iayer (faP(‘J“‘{hﬁ% ﬁ?@aﬁ’ 56%%2@3?3??{51@%3%“%‘ ﬁéj%t § 244 extends through
the har dnasg,d lﬁw@fat&ﬂarculit steht TG0 inoMidks Gica@citép taybBYES oRBRG. X Hghalhesi on
| ayer 214, and portion of the etch stop |layer 216. The via recess 244

ext end@yqrrstas&gﬂ%awbﬂmmrb@f theetady gop &avsp21 Gy &he dapsr stagk 240 daclydse the
rpglget r %%gr A&ggaﬁlleeiﬂ JrR1e Q‘f&%ed'b%exeﬁlt% %tc%fs?cgpeltagéé?; 6216. The via

ess” be FOrmed“in & vari e For exanple, the via
recess 25 2Pk eyt sbek D00 iethdes thbgllﬁa-ll(ﬁﬁktdlel&tnohyertlﬂlﬁ of FIGRE Bympdavess. | n

th I be f
Ref er rin GG ROAYGE PGS, 4he [EF BFok 120 ISFedin s TRk Juet Ponal PT dubeRed no
i nt egr(ﬁ;eegleqh{rgw& k%Ye?E&HE 1%8’8‘?%2 FI G I ina third manufacturing phase. The

integrated circuit system FI G can include the |ayer stack 220 of
FIG 2 in ai[‘}ﬂoktyef Istdcbgﬂ%pinodndsek ahe. v1z8(ieélé|se Z4dt efgFHG.ed citecling feystteen 100

| udes . th t h 216, Wit t 22 i f
{1 Et@% ng@ Sefd Banheh Syt dabi BV rermc e bl ey or °
214 f 2tlheth€tuft{7h RWOR defEic 1894212, the adﬂéaﬁ)d@y&rzlatﬁﬁ d%&gl .

|ncIu est tra-1ow k dielectric layer 212 forned over
| ayer &Xitlde etfhetolpdwnr 246.adke 2R0¢c¢ase R4rtiexteids thmuglnraphrtloayqirthezqtgh BloP MaEr over

t he ul low k dielectric | 212. The .l a stack 220 includes the
viar e%]éag '2‘%&' S gpt pengirats c%’%‘?% HEOY§hr £i5R S P?&‘Wé?@ﬂ ayer 210 to the etch
stop | ayer Pibyia I@sy2A daf BRISedn @ariewt EMiflethdisO Foh egarsle ! thoRiagbedshie et ch
stop layer 216, but does not penetrate conpletely through the etch stop
| &3fer ZMM6can be formed using a reactive ion etching (RIE) process. In another example, the via
recess can be formed using a wet etching process.
Referring now to FIG. 4, therein is shown a cross-sectional view of the integrated
circuit system 100 of FIG. 1 in a third manufacturing phase. The integrated circuit system
100 of FIG. 1 can include the layer stack 220 of FIG. 2 in a post lithographic stage.
30 The integrated circuit system 100 includes the etch stop layer 216 with the layer stack
220 over a portion of the etch stop layer 216. The layer stack 220 includes the adhesion layer

214 formed over the etch stop layer 216.



The | ayer stack 220 can include the planarizing |ayer 208 of FIG 2 fornmed
ot he hardmask | ayer 210. The planarizing |layer 208 can fill the via recess
244. 10The | ayer stack 220 can include the | ow tenperature oxide |ayer 207
o(3. 2 forned over the flanarizing | ayer 208. The | ayer stack 220 can al so

i ncl ude t he Thatlpysrestackc30, incluggs ithgy ultiagley b alelegiriglayer 212 Hormed gV t he
lowte u oxi de i

phot or Agreron e b3 ThEHiler Slk AP RETRffak i1 o BB
The | aydtra-Binek HickR@iclapert?d2et ched by a |ithographic process to create
openi ngs in_the photoresist |ayer 202 based t attern sk. Th
pattern nas QE"EelPYWe?a‘EI‘h@zS n‘flélﬁg%ﬁ the ¥iar fepss 2‘84 Bgel:é&egt gxtepging pigom the
photol ib REGERANE NOAGEES etch stop layer R86 L THeNGa POWsd 944 L5R extend kRBLGI B 1 S
shoém gacr os?s-islectzﬁonal vieecw So?ptaﬁ’gri nt egrgt e%l Ci ?cuit sygt grrln 100 %‘ FIG 1
in a tlportion efethefetdt vop tayepRiGehut Thes nott ryetaate dowmpletaly throygt the ¢ch 10D can
i ncl udi thS %ayer stack 220 of FIG 2 in an ARC/LTO open st age. The

i nt egr &6 rcuit system 100 includes the etch stop layer 216 with the

| ayer stack TA9ayRY8facR 2p0chh dtlRfe théBlaBkeAnS 98r bER/6f FRI.® fobmed loawethe St ack
220 includes the adhesion |ayer 214 fom ed over the etch stop |ayer 216.
The | ayerdmaskdgyep2t0.i Hed plarasizingdaypr 208 chiv{ill khadyiaresessrddd- | ayer 212 f or ned

t he adhesi | y y t |
2100 or med d0erSuhe T B0 e BBk ShRhuE il Ml BT eI RS TS
220 i neheder plagaridise 18@L268.24Fhe Kyeniacig 200 anntdle hrtuderbk dndyrefle@it® to

the etch stop layer 216. The via recess 244 can extend. through ortion of
o 307 dlH

the et CRaEEIYFrasdt oD FEG. Bdprmpdeavendic fwh SmRrauRsmielary 2¥%¥e etch
stop | i | . {12l ayer
208 1 or HS zgég?nt w Ue}??j Ipf}rbétgffsﬁg%rgr %ﬁ%f"‘*‘?’ﬁ%bgf“atﬁgﬁﬁ“i ?ﬁb&}‘gé;g‘?dt%gg’ééén Fill
t he vi @0necess 244. The | ayer stack 220 can include the | ow

t enper ature _oxi de | aye 07 forned over. the planarizing |layer 208. The

| Sy8r ot ack TBSBOEAAhCROGE PRECE B F GroRRYPIOUSE g R pEPnagIn P, rreq
over tReo{aWist SARENBD WaGedOdh €L pANEK n2Qif. THIG)akBMEMas a6ned 2he GRBgrhieal ude
the photoresist "l ayer 202 formed over the anti-reflective coating |ayer

204.  circuit to Bihaegtbbp thegphetolithngeaphitgroeesh be et ched by a |it hographic

process to at.e _openjn i he. photoresi st | ayer 202 h
pattern mas E{.re?efﬂgg |51§Y"t {é’r ﬁﬁ%’ag lgﬁgglfni RedPRe ?rgssl'?'le\tég%l}aitvé%pé%?ﬁg% i%% : 8t%ge
cr eat et b} N 00 O IFIGOD B R fh gt @eEB&uring phase.DUhE Rgegrard ARCHIUER@REN

stage, the layer stack 220 can be etched usi gg_ a pol ¥mer burst process. The
polR{merl 0p garinchds desslayeretagk 228 08 FIGr Zain  agtARCA QR pRsi Stage pol yner bur st

process can > £ 4l tl
anti-refl ect@%gﬂg%g{%flr?gxﬁg&%&&gEg&ﬁe\}#dgse{hﬁggc\ﬁgs%ﬁligg% thlﬁgw ﬁ%\t/vﬁ e’[]g eresFagltcur e
oxi de 2agewneZdportion af fhieresdh st@claga 242 Thh dayted statloRGeihcluties thewdliesiondayt ur e

oxi de | ayer 207.
21¥1 formed over the etch stop layer 216.

The layer stack 220 includes the ultra-low k dielectric layer 212 formed over the
25 adhesion layer 214. The layer stack 220 include the hardmask layer 210 formed over the
ultra-low k dielectric layer 212.
The layer stack 220 includes the via recess 244 extending from the hardmask layer
210 to the etch stop layer 216. The via recess 244 can extend through a portion of the etch
stop layer 216, but does not penetrate completely through the etch stop layer 216.
30 The layer stack 220 can include the planarizing layer 208 formed over the hardmask
layer 210. The planarizing layer 208 can fill the via recess 244.
The layer stack 220 can include the low temperature oxide layer 207 formed over the

planarizing layer 208. The layer stack 220 can include the anti-reflective coating layer 204



The pol yner burst process can be used with both the back end of the |ine
(BEQL) and the front end of the line (FEOL) processes. The FEOL processes
can include transistor active area etch (Rx), Contact etch (CA) process, or
any conbi nation thereof The first recess 242 can be extended through the

anti-reflective_ coating |ayer 204 nd to. the er.at.ure oxide
ayer 19BReh gV the O ipnsidige Gdele Y%éﬁaol@#‘eaysw@& %@g}égs‘nd’fﬂ%ﬂﬁfol ymer
bur st f.e468§ 1520200 weamyﬁh@am%ﬂeeﬁv@éoahhg153)@pwr esist layer 202.
Referring newto FIG 6, therein is shown a cross-sectional view of the

i nt egr at ed Bwr}dxsvrtqresstslamZmaaofoe RidBed byi mhtzhognaplulh preages mrgate wgephgse. The

|ntegrat rcmt can j ncl deth e tack 2 f FI.G 2 in
an OPURCPEElS BYE S0 kaa B (bOaER, bl . e Sy istnat 4 he
et h sih dt@y@fcum@bwcieatea thepetolhe@4pRedrareer a portion of the etch
stop |a§§? 216. The é;ar g)?ack 220 |ﬁ%llé%des t he adhesion | aver 214 forned

over the etlemmsg@p A%@ TCropen stage, the layprestackya2) aan agietched usinglaiR¥MENe

eI tra- I 0 The

| ayer 45‘%%%3{0%% |ncI rﬁxﬁal}%érregasi {ié{}ﬁ%ﬁqg%ola egr%?r@% over Eﬂ?ﬁg{sb&% ra-| ow
k di el gotdsk can alscﬁrthél]a&er stack 220T hﬁrehﬁ)y'era sdréiok oR 2 dnticleflel@ivetdoating tayeecess
244 extending ..framthe hardmask | ayer, 210 to the etch stop | ayer 216 . The

viar e%@ssvhéamkeé?h@&ﬂ@dawﬁn%@wa%é? layereWrsorafgsigeesss St o phqud ePr s, but
dogs f}g% W&%ﬂeﬁtﬁr 3’9‘{@1%&% 7through the etch stop layer 216. The |ayer
stack b e

can pl'anarizing | ayer 208 formed over the hardi nask
30l ayer 210Thefjudymeranastiprocegs baﬁmrusﬁd)&nﬂ:dmﬂi tHelbathend/ofathe hneéBEQMandl‘ he

| ayer fc n |n thelow ature OX|deIa er .med over
o pI B S0Py gt B e ST processegy T R e e
220 Caﬁe?&cﬁkl@ﬂe@oﬁﬁctr &W@AY&@C&BQ)tr‘aﬁpf(%lﬁﬁmldﬁ&?ﬁlex%g? of FIG 5 and the

anti-reflective coating |ayer he | ayer stack 220 can

be et ched tHlecﬁnsateeesa 248 con de eeicadel houghThe agecdledtiveeeatisg 602r 2 budes t he

Paameie vayay Suered il b ol S8 RBeb Mel bRBLSERESES BSR01 (e

pl anarfgd }smyrhemfrst%ﬂ&eég i d1sd R1ovE @ ﬁbﬂﬁﬁi&ff tRéphodsrdsigh@ndong from the top
of the hardmask [ayer 210 and into the ultra-low k dielectric |ayer 212.

The second Refewing 80P tel G- ﬁotheé’-)tlﬂ énshqyenetaressescetimalVieract 81w Rtagardctri c
|20t i eI 1P U 96B GonrelEL s STRORRAGFERR BRGH opL
The i ntgaofaatiedudd theuuyt:r ﬁydimdﬂrﬁGcarin hnOPUGeh bagt.ayer stack 220 of FIG 2
in an E1M open st a 10The integrated cjrcujt system 100 i ncludes the etch
st28 1 ayer 64 HECUitHyalpmg lt()gdkcludes the etch stopxiayer 216 with the layer stack
220 over a portion of the etch stop layer 216. The layer stack 220 includes the adhesion layer
214 formed over the etch stop layer 216.
The layer stack 220 includes the ultra-low k dielectric layer 212 formed over the
adhesion layer 214. The layer stack 220 include the hardmask layer 210 formed over the
25  ultra-low k dielectric layer 212.
The layer stack 220 includes the via recess 244 extending from the hardmask layer
210 to the etch stop layer 216 .The via recess 244 can extend through a portion of the etch
stop layer 216, but does not penetrate completely through the etch stop layer 216.
The layer stack 220 can include the planarizing layer 208 formed over the hardmask
30 layer 210. The planarizing layer 208 can fill the via recess 244. The layer stack 220 can
include the low temperature oxide layer 207 formed over the planarizing layer 208.

During the OPL open stage, the layer stack 220 can be etched to remove the
photoresist layer 202 of FIG. 5 and the anti-reflective coating layer 204 of FIG. 5.



220 over a portion of the etch stop |layer 216. The | ayer stack 220 incl udes
t he adhesion | ayer 214 foined over the etch stop | ayer 216. FIG 7
depicts the ultra-low k dielectric layer 212 formed over the adhesion |ayer
214. The adhesion |ayer 214 can be forned in a single step by form ng the
ul tra- | ow k Thedhysrstack 226 chm e retched togrptethecendrecers 92| éﬁ@rsesz%‘i. reqgse

adhesi l.ayer 214 provid a_.good. i e ul - diglectric
| ayer %@% lf%lu???et%gt@ % %tgﬁlle Q%}a%fT%dﬂ%%éﬁg 7194&1%%1 glg pf?i{sz r‘Jtc‘%l)s\eél %‘gré ?atzl | ayer
210 f omaREnAKedyek D€0.UThE SecbAdvrdcesh @2etdd incluli@ythe pdiidn of tHe. planakiuinigheyerdepi ct
can include the planarizing |ayer 208 formed over the hardmask |ayer 210.

The | ay®B vethie khepvip resessi4d and Gxindingafomn ke top 9f thechag : At 2B RGP r om
thes har@g@gﬁ%% rdiégc% %P ?}]ﬁt CiheSeOohd A¥EE B3 6doe;”agt Wtend g&ﬁe‘fﬁtezﬂllé can

ext end a portion e etch stop layer 216, but does not penetrate
conpl etudtratldvhk disddetridilayat2dd. st op | ayer 216. The planari zing | ayer 208 can

fill a portion of the vi ecess 244. During the.HM n.stage, the
| ayer stack B&1oWelo% e'g Tf’ﬁre’rne’r?[ﬁ}@wf‘ﬁ’e Cﬁoﬁwetcgﬂ'?)%rvé?‘ﬁ rogqﬁ‘?( i“&%gr?‘SQer 207
of Ha Qirclin&ydtayalnoTragk. ¢an LPEx@tahadadeidepmye trhe ikesdiva skchid¥pterd 10

between the first recess 242 and the ultra-lTow k dielectric layer 212, The
| ayer st0@ckn irludedne bgerstahddOtod FieminandiMomen siagef t he pl anari zi ng | ayer

208 .i nsi de e.via cess. 244, : ef er.ri.ng,.nQ t einis
shdfin o or osdedeBlet Siten 1R iues JRFUAEP IO H Sy Be B BER & 1
in a sewenkbr ABsibAGE thel i RbEGer Tive Thatl 8@t ahee220 mchides iy atlesFioddd@d can
include the layer stack 220 of FIG 2 in a main etch stage. The

i nt egr &lédomnedcayier theyeichestopriogeri 461 udes the etch stop |ayer 216 with the

| ayer stack 220 i of: : st ack
2201 nel aded Tond SRS ERkH10R K Uigl e ko B Rl SRk dig e R ey 81 7
The | ayite #®ihegitn BR6r 2 bt tandies fdrined uh & rsinglostek by ifedang thecultrayer k2didleétacmed
over the adhesion |ayer 214. The |ayer_stack 220 jnclude the hardmask | ayer
2105 orlmesd 269 ever the e@t%ﬂ- laycy %<1ﬁdiﬁ}ee@ﬁlf~‘$len raéfﬁfe?l HYQYI%?% gpad adhesiog A 220
can in . | gRALL-ZI f r ni1ghephar drmaeK démrethe210.
5. The ﬁié%gl?cri{si[bg%& glg%&f%c{aggjegy?ﬁ%%g(?g{c?e%g@sl@éﬁélz 1gxt eir?(;i ng fr onl’??lt hee

har dnmadiardreaskrlagt @10 dotrhel eter hes tbp-lowyle dieRtBic Myer Ai2a Flék dsRirthdrdepagt

extend thro ortion of t tch, stop l.ayer 6 does not penetrate
conpl etcéflﬂrn‘#‘%géﬁﬁﬁla’?wlﬁ @Hersibgﬁgpﬁ%?veﬁ%.ha)l{‘ﬁ’éasélj[@{%?&i ng | ayer 208 can
fill a portigR Riedt B@clin20r SCESS. 241hclully kg viahfecBRi m&%@ﬁn&hﬁgﬂomt e | ayer
stack 220 can be"etched to renmove a portion of 10 the ultra-low k

di @0ecthardmaskyleyer 2119 tohthe with sthe layserilhg e tikaeqesy 344 car extgndAlropgh g G 5
t depth of .a_ first ultra; k, | evel ' -
0 or iRl B A Sba il 31 Wtk YGho R TRglBR by W gop

of the 1pyernabi Theglahaysig ROE& 108jad €illt hgortidmof the emse@Bd244.n an illustratine
exanpl e, the layer stack 220 can he etched to create a third recess 804.
Ref erring ndWrirg thediMoopemnaags, ihe dayeh lark £26 18 eeselehsdofRaremAveie oV he

The. i EarrarEoki i@ ShEUrl. 3 T ot Mok Sk O SR el
i n28n dmbdmsiskdeyct OPQL b&wiekpihe first recess 242 and the ultra-low k dielectric layer 212. The
layer stack 220 can be etched to remove a portion of the planarizing layer 208 inside the via
recess 244.
Referring now to FIG. 8, therein is shown a cross-sectional view of the integrated
circuit system 100 of FIG. 1 in a seventh manufacturing phase. The integrated circuit system
30 100 can include the layer stack 220 of FIG. 2 in a main etch stage.
The integrated circuit system 100 includes the etch stop layer 216 with the layer stack
220 over a portion of the etch stop layer 216. The layer stack 220 includes the adhesion layer
214 formed over the etch stop layer 216.

10



The integrated circuit system 100 includes the etch stop |ayer 216 with the
| ayer stack 220 over a portion of the etch stop |ayer 216 The | ayer stack
220 i ncludes the adhesion |ayer 214 formed over the etch stop | ayer 216.
20The | ayer stack 220 includes the ultra-low k dielectric |ayer 212 forned

over the a es'on Ia he | ayer . st 20. ipclu ardt sk

| ayer 210 f Qlﬁ‘fhﬂ thg Iza'&‘?‘%?(e@tef @%%99];152-0 over © | ayer
st ack aﬂl@smﬂqé}twqw hFheVlla rrﬂmtsm&ﬂféhﬂéttﬁ@ﬁhﬂaﬁmfsk et Reo Harnsbaesder Ry er 210
to the etch stop |ayer 216. The via recess 244 can extend through a portion

of theultpdew kzélebs:@p lessred| 22 1Ehe lower darks2 Hbearpakide deeplenaning Bygr 20 ough
t he ett%pmg& 896”3%%(11%%% la}é}%lel anarizing layer 208 can fill a portion of

the via. recess ayer stack 220 includes the second recess 602 of

FIG 6. TheThapger shack2®@2Rhides kiwdeia rehes Lhit refltcheing Sron3 G4e Bzirdﬁ'aﬁt 1a3/efet ched
fromthe ultra-low k dielectric |ayer 212. Durin, %u_the ash sta
Strip skagehie cthestaalpusr Bk0ackheovp regess B eacaidend Groughuyeortor B ﬂm “é?bar i zi ng

I I hi.n.t

23 0P 18gr DG, bR B Y peRRORE gl e U Mol il 18, PSS
Vi ew qilamdn'fzingﬂvaggms@dn €illracpairtiorsyfSthe rial@Ceso 244 G 1in annth

ayer st ackDRate BF HAIECrcR FHEcatl 1S T45E OO SAL 6 IChed (o FoPyelirQapApE(
CifioC Ui the SHE4-RW LAR1ERAGE BIES? Iz*‘ﬁrcﬁigﬁhhé Bﬁ&dﬁbfﬁﬂhe %&Q rébds§ 25361 FRY S 1654 ack

220 over a portion of thé etch stop |ayer ayer stack 220 incl udes
t he addepth o fimyeltradow hwcléu’dnomarth«t hleradbwﬂ( @t:l@ptrllceizy}@r 2P2.6 The layer Jaek | ayer

st ack 0 i es . the ultra-l.ow lectric |ayer . onned oV eJ t he
dnesi 0 ) 1SR 1 Fdved BorBt el e Sat e laut il iRl SR ey o

f or medmaarusth@ing lekdrdple Ote kaydt &h&CIT0 GanltR¥Rhed Ilereate a thifdeckay®l. st ack 220
i ncludes the via recess 244 extending fromthe hardmask | ayer 210 to the

etch stop |Befermnzi®w &G 8, et ds S arrresstsepitpnah viswgh ﬁlepmtqgraicd of t he

etch s es ate I ug

otBp 19 e e 198 5 DRh PRI ALEAER, FhT et ETERE e i
recessm)ﬁléhndﬁh&dét&ymyesﬁtaakm%fmmclzuﬂasailmag&qcxp‘mostﬁp):ess 602 of FIG 6.
The | ayer stack 220 includes the third recess 804 of FIG 8 etched fromthe

ul tra-1 ow kIl Btegrated eirquihsyptepy KO0 includes the pighisinp laye 2f1|6m13hth§tlw §tla’éI§e t he
| t
e PR Yer S BB o R ELER St Ry oA ThelRlds B L0 AIA BEARKeSBY DT | o

stop Ilayﬁrzmjfﬁnmedmdthe@tct}fmop/lagerrza@ess 244 through the etch stop Iayer
therein iis, show a cros sectlona VI ew

216. Ref 1
?2%[ he int gE?e% Y ﬁtflcl's;é@) é’f’ﬁl‘féﬁﬁ %\F ytirgsloy K ﬂwgecgré:clﬁlafar %H)g%ﬁnr?én?"eéf
pr esengdhbgix@ MyePP14 Thee RYERAKES ik fildle tthS KSR 98 ef 200 I BGOSR th@yer

st ack
ultra-low k dielectric layer 212.

The layer stack 220 includes the via recess 244 extending from the hardmask layer
210 to the etch stop layer 216. The via recess 244 can extend through a portion of the etch
25  stop layer 216, but does not penetrate completely through the etch stop layer 216. The
planarizing layer 208 can fill a portion of the via recess 244. The layer stack 220 includes the
second recess 602 of FIG. 6. The layer stack 220 includes the third recess 804 of FIG. 8
etched from the ultra-low k dielectric layer 212.
During the ash stage (OPL Strip stage), the layer stack 220 can be etched to remove
30 the planarizing layer 208 of FIG. 8 and the planarizing layer 208 within the via recess 244.
Referring now to FIG. 10, therein is shown a cross-sectional view of the integrated
circuit system 100 of FIG. 1 in a ninth manufacturing phase. The integrated circuit system

100 can include the layer stack 220 of FIG. 2 in a finish etch stage.
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The | ayer stack 1101 includes a first ultra-low k dielectric layer 1112.

The | ayer stack 20 1101 includes a netal line 1110 formed wthin the first
ultra-low k dielectric layer 1112. The layer stack 1101 includes a copper
cap layer 1108 (NNFILOK or SiC) fornmed over the netal |line 1110 and forned
over the fi e inipgratad cyoniksystest éQQmeldb%lt}*léletChﬁm layer 216 wile thejleyer stafk r a- | ow

const ant Pyt 4 B0 UEAE sl faletiRksr2aP, fhe RuRRi R 2 el fesh e ST ©

as 250Qg4§.mehlo€,@iﬁﬁ§etcﬁ(gf({pQSy&Ql]lSCOH di oxi de poI ymer di el ectrics, doped
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conduct i ng dhgraves stackr229vueldes thenilirdpw) k IdierLFé?tl"i‘EL!La(Yeb%z Hemesnpyer B8 of
copper ., g, Ceg«%}f’%lcf appd %@F stadi082d §1P§119(fe BE%%%ASEQ?%%I@'%BH& 8% qhe COPPET

to Upper die ayers in ayer e copper cap
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line 1110 in the |aye 10 For ex t.he o r.c | 1108
can be conpifs %Veéﬁya%é% les Jhe jiag Eeces rE%I‘Fédeélg ‘5&5 Ihﬁ%grl'a fﬂ@@ can
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The | ayer stack 1101 i'ncludes an etch stop |ayer The etch stop
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adhesi on between the copper cap |layer 1108 and the second ultra-Ilow k

di el ectetched frgymetheynmslowkdlelectméajg‘é@éﬁd ultra-low k dielectric |ayer 1105

i's conprised fn g 'eéh s U}P }J‘él' traa( ?.i(P&’mCB et tb Q%IBUQY]%S% g&hoﬁ 33

relative to'1 rcec 1 con di oxi

gr gan3$hd haﬁrdltnesk lapgfb 2)1[5 mellamrstadk cmodaan bp@tohmlelto damda\ecd portion of dipeetclsi | i con
i oxi de, or a 10conbi nation thereof For exa t he ond. ultra-1low k
di éﬁectsﬁpdayf‘é%f’ extepding His ihireess Q&ﬂéﬁ glﬂhé%ﬁgqpalﬁi’erszﬁ% of approxi mately

2.5, £ 'hoxz/t 1k1| Jiqltﬁe? h‘i@'%ﬁox@ NabedinRsKodA%edw bEQk fxf?égi'ﬁgd over

t he second ul'tra- ectric ayer 1105. The layer stack 1.1.01
i ncl udescansystesull @ of FI6t. é doip second ayeod i@ of the pestemtvnventine. Whe thhegsited ayer
1104. circuit system 100 can include a layer stack 1101.
The layer stack 1101 includes a first ultra-low k dielectric layer 1112. The layer stack
20 1101 includes a metal line 1110 formed within the first ultra-low k dielectric layer 1112. The
layer stack 1101 includes a copper cap layer 1108 (N-BLOK or SiC) formed over the metal
line 1110 and formed over the first ultra-low k dielectric layer 1112.
The first ultra-low k dielectric layer 1112 is comprised of a material with an ultra-low
dielectric constant (k) relative to the dielectric constant of silicon dioxide, such as
25  organosilicates, porous silicon dioxide, polymer dielectrics, doped silicon dioxide, or a
combination thereof. The metal line 1110 is for conducting signals. For example, the metal
line 1110 can be comprised of copper.
The copper cap layer 1108 is for preventing the diffusion of copper to upper dielectric
layers in the layer stack 1101. The copper cap layer 1108 can prevent the shorting of metals
30 lines, such as the metal line 1110 in the layer stack 1101. For example, the copper cap layer
1108 can be comprised of SiCN, SiC, or N-BLOK. The copper cap layer 1108 can act as an

etch stop layer during the via reactive ion etching process.
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15The insul ator precursor layer 1102 is for formng an insulating | ayer,
such as silicon dioxide. The insul ator precursor |ayer 1102 can be
conprised of tetraethyl oratosilieate (TEOCS). The hardmask |ayer 1104, such
as an oxide layer, is used to preserve the patterning of smaller features

t han can be_preserved using ani c et har.dmas ayer 1104 is
| ess damagi i kayer Hae é%n@cﬁl%f’? a0 (etRy %0121 %1"5&?5‘? E&a?y:fh"i?@ St‘?%ﬁ’ﬁ%r | ayer
stack fh@la6a0 fbx%?éd%n% +a§ﬁ;s1u%hrzﬁal RYGHd A2 9ol Qrdlagctﬁlé%yeff feod. asul at or
precur sor Iayer 1102 er stack 1101 can include a masking |ayer 1124
f or mecthevepper lvep ilnenll 40 r The dayer sack [1a§kinclude® zhe second ultrafthe lpﬂmtmtnca ng
| ayer 1126 i se 0 cover .t e i, nsul r.pre sor and.provi de
oY rodRF LS BT Ve st Mg AReT 1IRE el SPhyuir o] i b PRk
i nsul asettegacﬁés@ﬁtb\eaﬁéanm @pbbr @Ehﬁ&tvmg afi®Bel sBEridaN@4-1ok RAiddiid hger

e

pl an: adz: My | ayer 11.26 | ayer stack 1101 can include a via
recessl10514. The via recess 1114 can be for med by etching an openi ng though

't ow kUi BB PEE P RTopt8 Toyek JTf B ClRfed B Emd Bl wil SERCTY o

of t heloGOBRRICtriABorsae (k)L t@ivel e thY aiebicirtd behstaay & slliicdh dieridoesidbr sed over
the via recess 301114 and can fill the via recess 1114. The V|a recess 1114
i's fororgwlwgteﬁ,ea@w&§1hcs>9cqiioa1sleop@lrymgéhe}é%%%rfi(&lleén%lmogl dioxide, orpe | ayer

t k t
N e o N T P S S e AU S
| ayer dlélzanf:@bﬂmﬂmk)ecrfapbﬁ)xaﬁite}yrzesl ective coating | ayer 1122 The
ti-reflect t I 12 f ' fl
i i 21 g DHEa ko | ORF BARSE aBaBh BT Lib T a s Begerasd -
recei Vipho hftfecht l%l%r”]hl@gs kfhteQa)Q:?%ia@E ﬂ@?uﬁﬁiﬁé?gﬁﬂ{sﬁla@ﬁr ﬁr&?aréo‘?tlﬁgf aied

circuit system 10 e photoriesist |ayer can he etched
l'i t hogivaptd cveprtisclesdmbsk layadtl@4.openi ngs | n the phot or esi st | ayer 202 based

on the pattern mask. The i nes the r at ed C|rc it to be
crisat ed” by Breciniarsproern: e LG Scas riie Bepefipe Hof coerrtitivn

ther ei fiokifeS hpﬂm iRukliRSHeaRedr aP@! 1 M2e¥dbe IbRiptisdeof @étﬁ@tl@l bﬁﬁbgméay@t em
100 in a third enbodi nent of the present |nvenP|on The integrated circuit

syst en{THIB)i Adleddekmaskdayst d h0&tsogh asgreexidd Bryet, isypsed 2o preserve the pafigming

o 9" 8 SR FEHly BUFLGT A ReleRBAAR, LDGARSIBOER  KRY BleehlB BUBF 2 °
layer P4 ib fes@¥hadi %td @WsdbheINEr W gichxiriday@)le05207 of FIG 2. The
phot or esi st_| ayer can he etched to create a first resist line 1202, a
seond resiBe aVWestqciromOlapapnn@lader aplapariging dayep 4626 Mrmed qvstFhennF@aPEt | ne
1208. T I| e r t r 0 tive
coat i leray et 1037 B Byt SEb 1107 AR pchulhPX bSBng el S SEE

furt hethe ﬁisﬁfﬂtd@rbdﬁréoﬁlﬂ@kr $I(mges.

The planarizing layer 1126 is used to cover the insulator precursor layer 1102 and
provide a smooth surface for further layers. The masking layer 1124 is for insulating
25  between an anti-reflective coating layer 1122 and the planarizing layer 1126.
The layer stack 1101 can include a via recess 1114. The via recess 1114 can be
formed by etching an opening though the insulator precursor layer 1102, the hardmask layer
1104, the second ultra-low k dielectric layer 1105, the etch stop layer 1106, and a portion of
the copper cap layer 1108. The planarizing layer 1126 can be formed over the via recess
30 1114 and can fill the via recess 1114. The via recess 1114 is for forming features, such as

openings between elements.
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20The first resist line 1202 includes a first resist line width 1232. The
second resist line 1204 includes a second resist line width 1234. The third
resist line 1206 includes a third resist line width 1236. The fourth resi st
line 1203 includes a fourth resist line width 1238. The first resist
line 1202 i $hedpar ataed 11 Pbran irsluslecbe dnti-seflestive cepsing daypr dy 22 fornpediovieesi st

| ine opening.1212, second resi,s i ne - I third
resi st ellﬁlgg(i% YBSII{Z]%a @gecc’%%r %%%(nilndgl Cf‘?lléa%ﬁiel%%l ﬁﬁ?eg{sfieas'lgrsy%ga%% is
separ abe the ami-tdRcligdiédaling 88611221 ne 1208 by a third resist |ine opening
1216. A thr ough line pitch 1252 is the distance between the first

resist |ineThoomtizaHeative watipmdayegshle? is|fopdacdusar refiseliqng, YWgRIMMENS; ¢ ch
1252 r : t [ : L '

restst SRERE Mo it THEREROREILRSE: |1 €0 EhuhERs Pheb PadbReRt o
Ref er r itig coraporeatsFdfGhe lidtegtdtet eircuii syssdmovifiOa Ehreoplsotsesisti yed 1120evarobe t he
integrated circujt stem 100 of FIG 2 in a fourth e i of ,the gresent

d
i nvent iclshed ¥ha lithRaggphis aepcess;tp CRate Rramemn EWHOHEP{{%g?efNﬁQE 8%l 8By | ayer
216 in %1 1 %&qu?éu%a%sk TheinbREhd TieghRrA shage 1@ Ol tiattlieby tthe

ant i -rg ctive coatl [ayer 204 1s etched. The integrated circuit
syst empho®lithogtaptieprod¢ess.phot or esi st | ayer 202 over a portion of the

anti-reflectiye.coati 04. The aM -reflect.ive coati 04 is
ovte\b_ the | o@%e%leéﬂ’b%flg‘f‘{}tgeﬂ Igéﬁge&ﬁeé%r‘s "o c’ff)lsﬁsec%.on hvelevﬁk?(gg lg? Ln?%%%te ayer
202 i nelrbgesydidie Mooriata iesl &hbddimentl@Ohe griRnsRReMbn €3hes intbdraed kA0dit t he
third resist line 1206, and the fourth resist |ine 1208. During the

ARC/ LTEYstepdR0 snchesies therpich dglayet HdofF36 Zan be etched by a | ow pressure
P oo aed 1 nibe pfGacd e kAR 18) ihdifack e RGBTk tio 30 o €

provided in a’l'ater sectron: OW- pressur e po burs can
deposi theardti-feflectial yonting l1ayee 2043 0lheldhtionedectiveecohiing layer 204 is bvarehd RO,
while etching the anti-reflective coating |ayer 204 adjacent to the first
redPst tempraatynegxidglayend7 SEEHR L r esi st 1ine 1204. The first pol ymer |ayer

1302 is for Tﬁg\r’pﬁﬂg{o?&igt ggyefr i2'b§tcaﬁeb|%i &Ehédibt'aecrg'ﬁg 3 st ResAt higy apo®fa t&8nd

material from ow-preessure pol ynmer burst 1340 to increase the effective
si ze ofredididing il 284, arthisd sdsist lime1 2000 20d Mouthaetistdinad20§. r Bgpuesist liiee gre used he

theai oS0 apngion gidhe PRSIt vdPatng iraed Paiees B Sur Rl BB ol y e
l'ayer 13Q2:0¥ &bmi{1fhéd diding Rhtek sth%é_@.e‘ 1202 can reduce the line edge
roughness (LER) attributed to the first resist |line 1202. ]
20 The first resist line 1202 includes a first resist line width 1232. The second resist line
1204 includes a second resist line width 1234, The third resist line 1206 includes a third
resist line width 1236. The fourth resist line 1208 includes a fourth resist line width 1238.

The first resist line 1202 is separated from the second resist line 1204 by a first resist

line opening 1212. The second resist line 1204 is separated from the third resist line 1206 by
25 a second opening 1214. The third resist line 1206 is separated from the fourth resist line
1208 by a third resist line opening 1216.

A through line pitch 1252 is the distance between the first resist line 1202 and the
second resist line 1204. The through line pitch 1252 represents the distance between the
center lines of two adjacent resist lines or other geometric structures on the etch stop layer

30 216.

Referring now to FIG. 13, therein is shown a cross-sectional view of the integrated

circuit system 100 of FIG. 2 in a fourth embodiment of the present invention. The integrated
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The first polymer layer 1302 is fornmed over the first resist |ine 1202. The
first polynmer |ayer 1302 can include a passivation |ayer 1372 on the side
of the first polynmer |ayer 20 1302. The passivation layer 1372 is a |ayer
of material forned during the deposition of the first polyner |ayer 1302

t hat t d I d th t hi The f |
| ayer G508 e 10D aetugen Jorchtapnleran 216 reng  ARETIET vher Fesger a0z 1o
separ agﬁgﬁ/]g’fe‘g(?ggn po?&&%u NiFBhe by %ﬂ&?g@é{)ﬁ}ﬂé@a}'fc{‘ Q@i isRh¥Er Openi ng

1322. T ynmer | ayer 1304 1s for coveri'ng the second resist |line
1204 wi th aTheintrgraed thevingiseni 00 incbwes the M6lowipless 302 opol apetiobaf st

1340 t |ncre the eff ctr S : e . second r n.e 1204.

The sel6rttpenonar coages Bsodts ThE aniahSeRF PR Binipd e e e 1204
Thes secandragt iRk 1hayen7 b3e1G. r’QasTlﬁ’e piroR s oD iMileddd 3k rebhelisecond
polymer l'ayer 1304 is separated froma third polynmer |ayer 1306 by a second

pol ymet2@pthsisagpniizpsist lifed 20fhi th@ltlpudl rpsietrlineg20p, angobe fogrth@esm’g(bmgrliz t he

third resist Lin aye f th ria

| ow pr essur]é @G‘r\ﬂfc} Oﬁ?ﬁa O{hle %%%5%8@?8%%# ?h i$e };s)armzoyglfesstuﬁe third
resi st pdlimer 3&@61340 The dbeild bf e 1palpteRird polgmet BO6t i B0f e peevidadein 4 he
third resrst line 1206. The third polyner layer 1306 has a third pol yner

wi dt h egreectivne Ti kayv- p&smpolryagﬁébuasgdéw san depnsitan Best PPCH 19508
Pl s U it pRe B Rb PRI BRI R Sy B8 FacP DA ROV R
mat er i e firstosibthiend MMO2pmERe! ﬁ@ombkqsrmﬂmbmzm TBd Birdt (pol)maré@&e leamefbf ective

size of the fourth res st line, The fo rth er 1308 is
£ or med°eyFBRE {HeliFbishline 420 wrtﬁﬁganez@ﬁtherlﬁéteﬂ aLie R t I()(\)'?;eresruagf PIYP8D8 has

a fourﬁlﬁ}spﬁ@'{@in&éa@é ﬁle]e%igegnve-r{lfe &fftgé ﬁfsﬂ‘esﬁ‘t NRO$I@N is the smallest

geonetrical features such I nt erconnect |ines, contacts,
trent - hi ss, Mehefactunh iegréuritive irf therfmmmunlorﬁ@la;ﬁrm easdiret 1902 dew reselt in a

olent rash i Tope i e of eSS Bhe 1 AL 3bS BmaliPh of HEEREPobTRE
openl Ny, 31'21232)2% &b fesikt IRRS YT IcaR REIHCE thelBde e'ii%e roughn&st(nERl) ahribhte@ pitch

1352 is the di stance between two adjacent resist lines. .A through line
pi t ch ©Dhbified réssstiihe 1202.f erence in the through line pitch 1352 after the

1S ooty ERgclo 92y SFARO e U b SR Bhe 2 RS,
of FlI Gpol%ﬂlei.' géﬁmrlﬁnﬁﬁ@lﬁdéJﬁsﬁwﬁdtﬂa&erdB@lbiiltﬂéls@é of the fiirétpdtynidpdley mer
gg;«e@' 2 2The Sasssf\)/gt?(?n lsar;'[eruln3k72 122\qg¥eerrof rrtlageen;lhfz)r?rlljgdhdlllrlmréethg Idte}():ogltllo?r)éozf tlhg the
first polymer layer 1302 that prevents sidewall damage during the etching process. The first
polymer layer 1302 has a first polymer width 1312. The first polymer layer 1302 is separated
from a second polymer layer 1304 by a first polymer opening 1322. The second polymer
layer 1304 is for covering the second resist line 1204 with a layer of the material from the
25  low-pressure polymer burst 1340 to increase the effective size of the second resist line 1204.
The second polymer layer 1304 is formed over the second resist line 1204. The
second polymer layer 1304 has a second polymer width 1314. The second polymer layer
1304 is separated from a third polymer layer 1306 by a second polymer opening 1324. The
third polymer layer 1306 is for covering the third resist line 1206 with a layer of the material
30 from the low-pressure polymer burst 1340 to increase the effective size of the third resist line
1206.
The third polymer layer 1306 is formed over the third resist line 1206. The third

polymer layer 1306 has a third polymer width 1316. The third polymer layer 1306 is
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the through line pitch 1252 of FIG 12 and the through Iine pitch CD bias
remai ns unchanged. The through pitch CD bias for varying resist |ine
widths is nore consistent with the | ow pressure polyner burst 1340 than

wi t hout. The use of the tow pressure polyner burst 1340 can nmaintain the
criti cabpadated fiviron foetht polymea layand80&by appird oty | opetisg A32haridweburtls 20

f Ii i dt.h I, f .20 1 | t .t 00. m | t . _The. th h
oi 1 ch EoBIGaRe BY i Bucte o ot ERGeT o, 080y AR b0 can

i ncl udered @l lbiwcﬁlessdié%?in@ﬁbﬁi@i 1 340 @ndereade MPRIRXIVERIR ¥f the-féGanaeet er s
for line wdths varying from200 mlonmeters to 1200 mloneters. In the

ARGur o lispéR0%hase, the integrated circuit system 100, including the etch 25

stop |ayer ﬁg rt‘}gde}&l éo@?m%rﬂl?é? r l%bg(fg(fo%%gd 09&%.%20112%%85@%&%@??0@ Sﬁ@fﬁ&l@l&‘um or

protessi ng er processi ng. Of° processi ng

chambepoiydned 1a4@€ L3R R artberth pblginepivaith d8@8.a control I ed environnment for the
processi ng of seniconductor materials. Processing is the adding or renoving
of material 1he citisplhdimensigntis the smadesneqonmelifahieaiuesr ¢ightas e otdsiohg can

i ncl ud?nt@fcﬁm&gli%%e&ﬁﬁé&g nc .eg,%té.mhgﬂtc% bO ot dBHH %mléﬁ%&ﬁ%m@ﬁhé axy,

reactive ion etchihg, chém cal Vvapor deposition, or any conbi nation
t her eofmanufacturinghsingt giers sempicbaipetor 2&binalody.t e theagresens iraekti@R Ohe cmtzdalidi ng

t he phatoresi st layer 202, can he proces in.th rqocessi ng. ¢ er using
ong0 o1 imupipre el i "R B Sediare pERaf e frstP A e oG 2P e st
llayer 202. Bh@rfxRA9EPiteh €85 Rithd MistaRAOSDNESI 9o ddp8it réf4 1H8) Ahloappved

|l eaving the resist lines including the first resist |ine 1202 The

etch stiop pitey €D Wasisshelditferenceairethe siraesh Breopitinl 358 a8spbe dist pelytes layer

ot P SSTHLSEROLIIRE oSl el DTSR RRSSEE SRS, T pggeser e

m Xt ur girsk34estUlidd bpdning 02205 oA FRG asMendidhtinpeharhe esistdgliebadi®ieof thehfirst
non- oxi di zing gas m xture 1342 can be heated. using resistive heating

el éhenpelymesd@pening ddpiehrspeereyune aHpwgverniigthmougihkine pjichaldy2 éothsistae don

t hereo | | &N ' : [ : I ' an
et ohanthehzough SE pRATLESS A9 REE WbbEPdeten D e OB RE b s
m xture 1. 34%e claougnpitetld€DNAad 162, vaGHivg resist line wads ¢ombirenadnstent vithetbé

Preferentially, the nan-oxidizjng s mxture 1342 can conprise an 112/ N2
gas a‘tf%-pr%?ﬁge PBPY“Bf‘étQ‘%_Hé% 3391 %wﬂﬁ?li—. ik o1 o1 BTRG TG REISRIeK PUFE 1342
can al §846 ofPhhRGif EWM ARRndiGE b1t 9% r'é‘gée]éfz‘{pg}fx%nat%l%lﬂ%%’d fnbikger

N2/ 112/ CAF8, or any nation thereof The | ow pressure pol ymer bu.rzt 1340
caf0be fapple weidtitsovatyieg omf200saodmetass tetl200 saromates. Thydrouzh@itah @D bies | ayer

stack 220 to forma firs ol ymer layer.13 ver the . first. resist .line
1202. THe? PERFETH R éheptﬂ"gﬂrggsuﬁ%?%]t‘%ﬁkﬁrsgi#befa@hmg ge Pecr‘ﬁ%'\%l (ﬁﬂlgnﬁg?t i ons
of the gafi t:mbebF asirbNigatdRl 520 naANBEterd Fir ﬁﬁ@Manqevamh% Broat 260 Rthoietdrbie
first polyner layer 1302 over the first resist |line 1202. it has been

f urt heito di@teapemet®rs. hat : etching a portion of the anti-reflective coating

| ayer 204 usi res e £St. repuc . (o)
requi r enent §%§r}% r }égﬂbé#ﬁg‘gﬂ?g }fh:ﬂ%% tﬁ@é%%&e@%nﬁ% Jsi%%nolgjeah?%ﬂb@ggg %
f opgi ngtopf labre216 nad thellyyeerstdcRy220, 130 Deuplatgl idie o sumipsRiusior ereasyingr

burst 1340 in _parallel with the etching of the antj-reflective coat ng
| ayer zbambeq{ngcirthpe DERFSFSING.  t The SHBISABANCS T PIORESSIMRCCRATERT Jf Gt §88¥UMThe ARC

opén PrA&fibet ma[mpr%aesb% ceaiRd A¥ildBmkRt T8 0he processing of semiconductor

materials. Processing is the adding or removing of material to a substrate to create an
integrated circuit. Processing can include etching, depositing, ion implantation, molecular

30 beam epitaxy, reactive ion etching, chemical vapor deposition, or any combination thereof.
The etch stop layer 216 and the layer stack 220, including the photoresist layer 202,

can be processed in the processing chamber using photolithographic techniques to burn the
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25The | ow pressure polyner burst 1340 is applied to the surface of the
substrate for a period of tinme sufficient to etch a portion of the
anti-reflective coating |layer 204. The amount of time the | ow pressure

pol ymer burst 1340 is applied to the etch stop layer 216 is defined by a
pol ymer bur st tinme 136 r ex xposur e
Dime RIEOTCRTkEE 155\5 et By§F R S RS S R SR

| owe pftfé%%ﬁ%@ed%hﬁﬂgfhe?rgsmthﬁfe§inciud%fgothb %rﬁ%&dt@i@le goi.he etch stop layer 216
is the exposure tine Wien the plasma is ignited and sustained in the
chamber. THéherdgti stumlwepdéﬁraedtthmhy@leﬁm (Geant be expsek irelig low-nrprsure

anti-refl ective tin er .204 ch critic rlnkage
is dedl9 ﬁ’@’der burst A@hlé1 &8 %qegsg%lpganghﬁryﬁ@% %ups‘?ss‘fgm%fné app?‘ e%a 3

et 6h sii@pnd avged thenlind adotRREdifing gt esstre 1342 PRUIESMBU plasii &S sher e 1362
defines the pressure of the processing chanber. For exanple, the polyne

bur st gypesssing ehasber. c dhe pwnpetidicias 2o rnlxmrﬁrl%ﬁdcmb%ﬂ%féd USipESEERAY] v t he

pol y ur st ) t %ﬁq I t
has be eﬁp a Iggétgeé&to %q%?ﬁef @{Fc), %gzﬁgiegbﬁga? Eaer&‘gsgg I|0'{‘r¥ye é‘?ﬁl\(/)gi[g%ggl ng | ayer
204 usi ng t"fh% oavexdieihg pas miefuysTEI4 2k b £bmbidbos bf hmk&harhgasmmtumdnd a

di mensi on of the opening between the adjacent resist ef\{"rbﬁ ngbkgg t he
resi stPAlYRE&i0E £3 TBIXSEFy rop npapsidizing gasppdyre Jéf rt mﬁiﬂj‘gﬁ' 23561,

sl | & aﬂlp mfoﬂ‘%llf)ﬁ fiRktedr® ke%rehﬁeﬂﬁ' a1 r&l&%ﬂ% ega& nft J{t@re j1275) c%ﬁ%b'xlnbhw ina
smal | cri I mensi on or openi'ngs tmeen st lines.

| ow praasHUNS gl rytie rangerof thetv@40 31D alkbys "s‘ltermmkoxldmnggasnmaturdll&‘bhsamn

di rensihepBBsemapREer (Rt oagh biion NEFBI TP e &Y | hes
are thigkghatdiend:eoft he pol yner |ayer, but the location of the resist lines

remai ns constant, resulting in no change of the through line pitch 1352. It
has f ur t herThyelow- phemlm/pvlemet bhatst { b0 earche ﬁ@lwd toHbe awifaceradfthe etchviéorcoat i ng

5et At 1 ot DRty BB Ol okt P P B G5 RERRES <

l i ne W 0N STheTTotv-hRWups BEISHIe bRk YPEY chllesh ahd40mead tHegsbitenst dfethanmmtint  of
variation in the critical dinension delta froma range Of@\'\,\f I‘OXI rratel y

15- 40 neledivstating tayahpPdihatarengt prsteped funbadiral solympelay

poly ﬁrsg é\}n Sf% can etch a portion of the anti-reflective coatlng

20l aye i also formng the first polynmer |ayer 1302 on the first
resist |inej LQ@Eeen'ﬂil@hdrldﬁﬁcﬁger&mdladetbmhg@rpoﬁioﬂ dsﬁthl:am& pafestivy @atiog Jayer hur st
1340 is configured to renpve par ﬁ ective coati g)g}l er 204,
biA0 al 204 esing Waprpw@rp%m%huratnﬁmrrsflv@étt %gowsra{qugel}lav S th a

t hi Ck“@%%?ﬁé n8liehi ﬂ{]eixka%%eﬁ 0&LY efhe frn hh%?’fi_’l@t p&ISERF 1dyag 150w t 0

FIG 1 erein i s shown a ramof the through Iine pitch of the 2
i nt egradiggthei lotvipressasespedym@0ByrstTi 340 idipagrlinwitbphe eshingeoft the enrrgheﬂﬂctlw

L Lok oL 0. 3L, Bosti L ToBLanh LR, 2004 AR eyt 0°

process time can be reduced by up to 55%.

25 The low-pressure polymer burst 1340 is applied to the surface of the substrate for a
period of time sufficient to etch a portion of the anti-reflective coating layer 204. The
amount of time the low-pressure polymer burst 1340 is applied to the etch stop layer 216 is
defined by a polymer burst exposure time 1360. For example, the polymer burst exposure
time 1360 can be approximately 5 seconds. The amount of time the low-pressure polymer

30 burst 1340 is applied to the etch stop layer 216 is the exposure time when the plasma is
ignited and sustained in the chamber. The maximum exposure time depends on the thickness

of the anti-reflective coating layer 204 and how much critical dimension shrinkage is desired.
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The diagram of the integrated circuit system 100 includes a first exanple
1410. The first exanple 1410 includes a first resist line set 1412 and a
first resist through Iine pitch 1414 30 in the post-lithographic stage. The
first resist line set 1412 is used to cover a portion of the )

ant i - r ef | ectihgelowopressity pelymer bowt dB4¢iGapmied go ghe ety stemdaysn 216 vefh act i ve
coatin er 204 frgn e r t 1.0,

oi tch PRI préirer; 8ot B BSRE L367 Ao B HrERUE ot e HeRbesbB

l'i nes ichatber. f FérSéxafiptd, Stic polp@es Blrsfl gikdsure 1362 canFog bﬁ%éi’plle,m’fche ahd l59t
resist line set 1412 can have a resist |line width of ap ox tel
nar t ome® E9ts. Preesably tag polwsprsurstipressigi. 1307 R by hebeeyom ) PHXl mat el y

100gmanomnet 3f Ras been dlsc-gt}&e& it tthee ﬁﬂ% |%r§ éﬁ%%{t{z ﬂiﬁfﬁlg\%scd%t&% Ea?eARé b8 line

set 1422 and a first polyner throug open
st age ah¢ kxw-pfassdro\pebmm durse 1940 ylminkskhe sntlda'Bcdlﬁnbrwmnf off thre ebpenipg bytvesen | ayer
over the first resi ne set 1412. The fi. e | i

: Shel bi2es pe. el 1022, s
used t 8hgadiasent reSistlings by geatwg the fesist ‘tneﬁlf’i anSIi y et e QP]yHberfrom

the | owBfiRg 3956 1AM aIBEhal WeStirsi 34t hﬁglﬁ)efﬂnrgsfml?@f ¥Ieri2t Risemab ih h 9Mapi t ch
1424 is the di stance between the center |inés of adjacent polynmer [ines in

t he fi rosmcﬁcthemom foreonsaingd petveen @esistlings.f (e hew-pessawng| polymdrebuistr1SH0

e T e

appr oXigraketritichD Qinfsnsidneioes fot dBeataniongh bittls CDPBibY btrel thé eesielindsiad2
covers the first resist line set 1412, the first resist through Iine pitch

1414 i $hicke %rﬁ%ﬂl@@otmrflws,tb%meyﬁ%ﬁov Iof iggrsistilings prmains coastant, nesyities
di agra % ch%g@g&q@hggiﬁggﬁ Hystem 100 includes a second exanpl e
exa

1430. e Séc |nc udes a second resist line set 1432 and a
second resi gt hrisfﬂufthg’rbelen descpvdrehthhd 8 dtdhingef the ahtifrefldetige aqting 1steadé4 The
second resist line set 1432, Iﬁéﬁ‘ﬁ‘ed to cover a rti o

antlP- r P (IN\BOESAISISIN} S5HT epyioE(gdta 2011“8 0 &t ‘i&w&’"g‘m“i thedoPact i ve
coati ng,laye Spo%ﬁ‘g erl JupdD 1346 tf&e&a:ghg hidhg 1ind RAAHSC qm@ 160 Pr&burk HoBHeR Hukde

pitch 1434 | 20di st ance ween the center |ines of adjacent resist
li nes 1346 rmnsedtmedhc esicsint bf werigam MABR. critical dinfemsiosxdetitpl feom tahmnge ednd

resist line.s 3 ve a res | wi dth of approximtely 70
nanonot BP‘?XIWEIY é%’n‘bﬁn'?%?és[totaﬁp@ﬁfﬁﬂatﬂyr}geﬁ) VORMEASY can be approxi mately
110 nanot nen%aowya@ssﬁﬁ%rﬁn&mmI1s4dé§9etb1mﬁlpéﬂﬁﬁ1 of the emnekfReliyd®datihgne set
1442 and a second 25 ymer thr oug line pitch. 1444 in the ARC/LTO open

st e deyes204 h’@lllecﬂlﬁ% mgrtée ot «mjaxetr lﬁgaenﬁh% fipsh psdsd hae p8PZmdhe] ayer
over t rhmm gd% ratlgﬁ IO%R éﬁ)ré%?sﬁlref‘ % se]i rﬁégﬁ%ri? ﬁ&?f’i%d}?({ Ileﬁl%vé Ert ]04.42 i S

used to cover e secon mer coa I'ng from

the | owhe amssecﬂeenm bydting lbyar 041 B¥tOalsol elea e @ ndlyep @f e anti-Fefleutgve toatiagpi t ch
1444 is the distance between the center |ines of adjacent polynmer lines in
the sed@yfd2pdmytheythickpess gban agiredlsctive coating Ryer thigrpésél 3¢k anpl e, the second

1 et er s, RAGNIE SR (5GP e e Bl o b S e el y
15Q@5mannteptacrdsircBie sptige 100e The dapdnpddpyete thelthmoegls pitchlddRakcdwenson hethsecond
post-lithographic stage and the ARC/LTO stage after the low-pressure polymer burst 1340 of
FIG. 13.
The diagram of the integrated circuit system 100 includes a first example 1410. The
first example 1410 includes a first resist line set 1412 and a first resist through line pitch 1414
30 in the post-lithographic stage. The first resist line set 1412 is used to cover a portion of the
anti-reflective coating layer 204 of FIG. 2 to protect the anti-reflective coating layer 204 from
further etching. The first resist through line pitch 1414 is the distance between the center

lines of adjacent resist lines in the first resist line set 1412.
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resist line set 1432, the second resist through line pitch 1434 is the sane
as the second polyner through line pitch 1444. The di agram of the
integrated circuit system 100 includes a third exanple 1450. The third
exanpl e 1450 includes a third resist line set 1452 and a third resist

through line pitch 1454 in the t-1ith hi t o T third i st
ine set 1493 SKampledho figs SeNBNing St G B PHES e P SAPPEEaEd; ng
llayer @204,Qdm&bs 2rie0 iRt Ofe8ist thid@gR Mide Eﬁfzﬁ ef14V garC ARt hpjFokigely 2Qb from

further etching. The third resist Through line pitch 14 is the distance
bet weenanvmetesent er | i nes of adjacent resist lines in the third resist line

set 1452. For e l.e he i.rd,resist |i et .14 C ve a
resist |ine i Hishe ?mlfﬁ)ﬁg‘ggr%?}?@%ﬁ %}%Stl%y‘ﬂ%{t llsl%efnse?tgﬁsﬁ e 1 ?trpg)%%i st
t hsoughrdubR@inRi difeh 148340 GBE AFC/ATD BpdnnBhEd XitdkSBe |o@RRERBleefctymer burstThe

third exanple 1450 includes a third polynmer line set 1462 and a third
pol ymel34P hes Eymet jarmelysnerdayer o8ar tha firyi sesagrding ey 19 én The Aige pabiest lipg set

| ow pr ure I r 4 r o, r third
ros, o e CoBE o FBler W Tyt BEP ouofTR i Bl bR NI M e
t hi rd gresust pliyner daist 1452 Witkiehfisst polynmeerthanghilig pitdiml 42¥eid twr distessur e

pol ymer burst 1340. The third polyner thraqu line pitch 1464 is the

di st arfesvesathe esnterines ehadipcent prlyingt linggjin therffrstpolymenling ssek*2n the third
palymer |i : TP L b &k line
S0 Ta62 oo R e T et e R S RONIERL | The
t hi rd gpptoximatetyh 76 uginomierees rirhe h The6Arst groljmeer2Girovpplinx ipitalt 44 a0 be

nanonet ers. Because the thir ol r. Line set. 146 vers the.third resist
[ ne. SABPIORABALETY [ 1P ey JBeuse {he figH PP T SR RR 5 B RE e T he
third pRl eres A Q%@H&hrésispﬁ]r%élﬂ:ihe]ﬁ%- 1414 is theRRam@ras itRQ iRk Polymek troughd,

therein shown a diagram of the |ine edge roughness of the integrated
ci r cuilinegyshdr24.00. The di agram depicts the |ine edge roughness (LER ) at

t 25 post.= | ithographi.c sta nd the ARC/LTO stage after the | ressure
pggyrrer bur §1€ é@ﬁ’%ﬂbwhﬁe@n&ﬁg&f‘mw“ %ﬁ&enbilgg?%‘ﬁ?%% % REOTHEY ’l%Itegl\gbcezi rcuit
syst enTHOQchRE bxigsic 343ERRMAIRIsEcohd 1Bsist The deERIZX@1WA Secbhd Besis €irbags a

first resist line set 1512 and a first resist |ine edge roughness 1514 in
t he pdétepitchHddt apthemositlithesraplirraee.i The sacerd rasist lingsa d32 siped 0 G384 t o
cover a_porti of i -refl Y I e .

or ot ect PG 1% e PEEEMY bElETerRErBE TS, bR proRtl (¥ alitfinceild |
first ¢Rahglayer MO4cfge fuahghdessg 15t sesoid ecsisealsiongh dihetgiehviati ds itn of
the line edge froma straight edge of the first resjst I|ine sei 1512. The
fiZ0st ¢iglgpegbetyvera tggggltqardgghﬁgg(ga@g_@sgb]ﬁnqgén the second resist line set 1432.

For example, the second resist line set 1432 can have a resist line width of

approximately 70 nanometers. The second resist through line pitch 1434 can be
approximately 110 nanometers.
The second example 1430 includes a second polymer line set 1442 and a second
25  polymer through line pitch 1444 in the ARC/LTO open stage after the low-pressure polymer
burst 1340 has formed a polymer layer over the second resist line set 1432. The second
polymer line set 1442 is used to cover the second resist line set 1432 with a polymer coating
from the low-pressure polymer burst 1340. The second polymer through line pitch 1444 is
the distance between the center lines of adjacent polymer lines in the second polymer line set
30 1442.
In a further example, the second polymer line set 1442 can have a polymer line width
of approximately 108 nanometers. The second polymer through line pitch 1444 can be

approximately 150 nanometers. Because the second polymer line set 1442 covers the second
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cal cul ated by neasuring the average |ine wi dth roughness of the first
resist line set 1512. For exanple, the first resist line set 1512 can
have an average |line w dth roughness of approximtely 5.5 nanoneters, The
first resist line set 1512 can have the first resist |line edge roughness
1514 ofreaspdnrw(setatfléayﬂm sesodregsist shrough line pitcER 484 dsphe saBe@sithe seaded a

first po 5 and a first polyner |ine edge roughness 1524 in
t he AR@OM%? ?Jré) lgﬁglt%‘ff%r‘l the | ow pressure pol yner burst 1340. The

first pol yrreﬂheldla@alﬁeiftﬂé@t?egta&edlaadmt@seﬁlvmo 1ac1naésta OiydfxatbR 1450. The
anti-reflective coating |ayer 204 of FIG protect the anti-reflective

coat i nghirdgsamplod 469 draledes tanfird sesisiling. Setrh@%@ f4 thind neeipt thequghiling nitghe
r ough N&334 é?&l% 6Jf0§tt ﬁtﬂ‘g%ﬁﬁﬁ? lé{agf S’Enlé% d‘f@srlstgltn %@ QlTSZ#&seb 't@@ &egg oittfoﬁrs'fa

straight e ine s it St yrrer ['ine
edge r thghkttﬁﬁeﬁleﬂ:ﬁx?eflcmng hxfyeﬁ a04 ol BI@® bypmasmelang-reﬁmtlw eoaigg layen@0% dt h
roughness of the first line set 1527

|y,
first penyfith quqﬁ‘gu%%t The %‘ g%ﬁfﬁt ﬁ%t%glhhnwét%d@t llsn@evﬁo Weal&r}ﬁpﬁ?ﬁﬁ‘eélg 15 of
appr oxiJARkL]iYesHfAd {a'c@rﬂ%g?sttﬁlhés m-'tH@thflﬂdrréslst@ﬁ’tE¥étrl@f'52I ine set 1522 can have

the first polymer 1ine edge roughness 1524 of approxi mately U S nanoneters.
Ref erring ndirtexakip®, 8 thiek eesisti Bne et 442 neanh didvel G0 Gedisir linmrwiddctafr e of

th |nte rate system 1 ina, furth e i men e _present
i nt i3 x*l*ﬂ% ﬁ‘etlﬁg | Sﬂe qblf%vteﬁltshgﬁ? gﬁb 181 aRIECh\MM%P ??5 %Syer
stack |agpﬁt,xghggiy 150Qdnoheessl ng the layer 20 stack in a block 1604, form ng
a photoresist layer in a block 1606, form ng a resist line in a block 1608,

et chi ng t he Thetthird expaplei M&O0doeludasc thirdepolymeraling e 463 apd aghitd pebmesg a
| I dj t
Povant i tE ot hitn 1482 g 16 ARCA TO S T URE MELRS olhBlrs OB BRER'

deposi t1i3ag haé férhedfd pdimpolayéesvet &teerlnrdfiétszstoinetsbtelm fTHesthird @®8lysier llinae 1202
reduces the |level of |ine edge roughness LER% of the first resist |ine
1202. 15¢t B iarped Escqvir thedhPy Fesish a6 S 145R.avith ¢ Bel ypies peating; fem 30i9%ean be

covere %D@éulrer'}go %15 %)%IEP ? YIE! Th@Mfild ]p%%éretgwél%g 281 A Iﬂtcﬁ PABAOLs htﬁF EdgfRel O

t he corbl nat irst resist lTine 1 e first polynmer layer
1302. THeewdenrthe omptaflinehef ddjacent ppoyryerdinek ayte tHigDpblpwer lindvet 14625t . 1 esi st

line 1202 c cover Si Si du s an cum |l eft by earlier hi ng

processes. 3{3 a%‘ehefrcﬂxﬁ‘?iﬂlﬁ @Ft lFﬁsp‘ﬁ ?r% fanye i:?@izl’“&eéhmf’ PPB?@\P the

I'ine e%?rdk%&@?}e%g ﬁﬁn&ﬁ@erg' I Sthel ﬁﬁdet oUnE’t@ bYing H“leG4 OfHn MbESI st

side wal I roughness Anot her nEortant aspect of t present invention
ot

is ZOhatapptoeumstelonlQ hanomsterp x iBticzisa galgrdwmlwmee ling st Hﬁ?etswt:r& e third

anti-refl.ective ¥y h% %g) essure 1340
pr ot ect's® ltetﬁgletﬁet ?gﬁ &e,gthlr rgffl%tzt gﬁ Ihgyé’ttc 1 ‘ﬁsgt AR gntﬁq&#)é)%?n t hat
woul d RS hflégm}{ hmquse of an oxidi zing gas m xture. The non-oxi di zi ng
gas m xture 1342 prevents damage to the ultra-low k dielectric |ayer 212.
Refemng now to FIG. 15, therein is shown a diagram of the line edge roughnéss of
the integrated circuit system 100. The diagram depicts the line edge roughness (LER) at the
25  post-lithographic stage and the ARC/LTO stage after the low-pressure polymer burst 1340 of
FIG. 13.
The diagram of the integrated circuit system 100 includes a LER example 1510. The
LER example 1510 includes a first resist line set 1512 and a first resist line edge roughness
1514 in the post-lithographic stage.
30 The first resist line set 1512 is used to cover a portion of the anti-reflective coating

layer 204 of FIG. 2 to protect the anti-reflective coating layer 204 from further etching. The

first resist line edge roughness 1514 is the measure of the variation of the line edge from a
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Yet another inportant aspect of the present invention is that it valuably
supports and services the historical trend of reducing costs, sinplifying
systens, and increasing perfornmance. These and ot her val uabl e aspects
of the present invention consequently further the state of the technol ogy
to at | east the next |evel. Thus, it _has. been discqvered.that tjle

i nt egr ¥ t@égec 'tﬁe ?ﬁtr?ﬁﬁtrlr@feﬁﬁtdlséhd Tgﬁg'\g?taﬁ%%tq% 6F° f%"b?sééém h%%nt i on
furni .thlédm&{ bARleagith RS S1pIRNBIc WAHMAWRgRRGE SMAY At ARlselisOddti 5 oms,
capabilities, and functional aspects for integrated circuit systens. The

resul ti ng procsssek, tedirstonfisidinesel brig cndase ampyhagedingaridth woghness pect i ve,

unconplicat.ed, .highly versatil accyrate sithve, . a effectiv and
can be APRBTIBAIEH %g “6§0158t§{§t mﬁﬁkﬁgﬁﬂ&é@ﬁﬁ%gﬁ?s&? ?)1 Ve Sﬁgs,t reﬁ‘lﬁﬁlcnf & ﬁge and
ecwo@&gﬁnd@pmmagpfmna@ | h@bdegds. and utilization. 1 5 Wile the

invention has been described in conjunction with a specific best npde, it
is to be unddiER ewmplrdi2prarsiudss tachiibpolymst linpavtflisearndasirstprlywsy li8g i ons

will be apparent tg,thgse ol i Py f ;]Qﬁ I i ng
descri %e_(gﬁ‘.lghﬂg%solrsgi“ﬁgﬁ]ye,Al?pIit&?%%n&ﬁ%%g‘l@é{hg 1 r éiégggﬁeﬁm uc baﬁét?ésﬂgt ives,
nodi fi cat i onige fidngolyaiet Hhd a9 52N 8bd fatdvenh pbitiontdighesanipeflottitemwaiime| uded
clains. All matters hithettoforc set forth hglrei n oigr sho int

P

( ) ) h
acconpkish 3¢ FddFadithgeotartéhe entheetics e rEre yPh2Yhirem) fyg q:raqtqzlygg.a’,%e
nofly |1 st hrRPRACedac kel £21EBAL hdisurclor th VRIRBH oP the/TRRNARE tigha O an

i ntegr Ircul stem conprising: providing an etch stop |ayer;
f or m ngraght ades of thadkstopedymehieneetet h522. ofhé fyst polyinten linbedgaymighsesadk2havi ng

an anti- 5reflective coating |layer aver | ow tenperature oxide layer;
f or ni nbal’ab"-p‘ﬁ‘lﬁ“gar‘ép%fnelasa‘%‘rgg‘g?/é eragealing,width Q'Jlgh%‘irgg\‘?t&@%ﬁ I?Péy’flﬁﬂ/fé‘?e?lsef orm ng
a firsgygpesist line and a second resist line fromthe photoresist |ayer

with the first resist line and the second resist line separated by a
t hrough | i neorpixamipleothetfiret priytner lgfe sstt $22ccanday e agaveagge linengidticiougnashe

oL e S RS, LR B PSRRI B B A bl
coat i Nnd &¥Rlrougiess 1524 of approximately 0.8 nanometers.
Referring now to FIG. 16 therein is shown a method 1600 for manufacture of the
integrated circuit system 100 in a further embodiment of the present invention. The method
1600 includes providing a substrate with the layer stack in a block 1602, forming the layer
20 stack in a block 1604, forming a photoresist layer in a block 1606, forming a resist line in a
block 1608, etching the anti-reflective coating layer in a block 1610, and forming a polymer
layer in a block 1612.
It has been discovered that the present invention thus has numerous aspects.
It has also been discovered that the depositing of the first polymer layer 1302 on the
25  first resist line 1202 reduces the level of line edge roughness (LER) of the first resist line
1202. Irregularities in the line edge of the first resist line 1202 can be covered by the first
polymer layer 1302 resulting in a smoother edge for the combination of the first resist line
1202 and the first polymer layer 1302. The forming of the first polymer layer 1302 over the
first resist line 1202 can also cover resist residues and scum left by earlier etching processes.
30  The forming of the first polymer layer 1302 can improve the line edge roughness of the first
resist line 1202 by smoothing out resist side wall roughness.
Another important aspect of the present invention is that the use of the non-oxidizing

gas mixture 1342 to etch the anti-reflective coating layer 204 using the low-pressure polymer
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formng a first polyner |ayer over the first resist line. 2. The nethod as
claimed in claiml| wherein etching the anti-reflective coating 15| ayer

i ncl udes using the | ow pressure polyner burst with a polynmer burst pressure
of between 10 niforir and 30 rri Tom 3. The method as clainmed in

cl ai m buvshdB49 wrefeahithg ulttreloank idigledttie dayey @123 deamt wgidatige effeete (tim ekouldi ng

he | I burst. with a. pol . £ £
bot voot e e fis” a0k o SGHnE' b3 e b, P Shi AT ML B bEF 4302,

f ar t hepreenpidasiapgtd e MtRglow lpdiskiirtlaypn 2i2yer on the side of the first
resist line_5. The nethod as clainmed in ¢claim1l1 wherein formng the | ayer
stack i ncl udés angthemintgTiant appedt £F thnPrsaf E1veetereis| taatdt vlebly SIS dRd of ~ t he

For i nCmsF A PRl dra 08 o3l AR CHEPLOMIE sHiGoR ol el R

t enper aetfoenanxe.de | ayer over the planarizing layer. 6. An integrated
circuit syshﬁm conprising. an etch

S | ayer: ) a.layer stack
havi ng. an’ arbrie 91 eler yRuaga Rty oy O REwn inverion sserunty Sighe dbe
30l ayersiat@of&ﬂ@%e‘éﬁﬁcﬁbé} tol AVt QY féxti&R1.anti-refl ective coating |ayer;

Thus, it has been discovered that the integrated circuit system method and apparatus

10  of the present invention furnish important and heretofore unknown and unavailable solutions,
capabilities, and functional aspects for integrated circuit systems. The resulting processes
and configurations are straightforward, cost-effective, uncomplicated, highly versatile,
accurate, sensitive, and effective, and can be implemented by adapting known components
for ready, efficient, and economical manufacturing, application, and utilization.

15 While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations, which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

20  drawings are to be interpreted in an illustrative and non-limiting sense.
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first resist line and a second resist line etched fromthe photoresi st
layer with the first resist line and the second resist |ine separated by a
through line pitch on the anti-reflective coating |ayer; the
anti-reflective coating |ayer etched using a | ow pressure pol ymer burst
wth on-oxi.di zing gas mxture to renove a portion of the anti-reflective
coatiﬁ%ﬁPﬁ§§ﬁﬁn§iﬁ'a first polynmer |ayer over the first resist line. 7.The

system as cj.ai meg ndihéd & ihf @i Bn IfiesrhtedcREEE Sidteen @hpHERIg: bur st has a
pol ymer burst pressure of between 10 miorr and 50 nic.nr. |108. The system as

cl ai med i n wpHdmEEnGidr ¥pmlaBG | ow- pressure pol ymer burst has a pol yner

b 1 : d . -1
ayst om ab. cUTIME PRk AT CRer (i ASF SRRARRP vl iR ROR Rack baving afaplCC |\

side of the fir stfle@Biesbatingi@yer over a lovl @mpEheurgysidertags; cl ained in claim6
wherein the | ayer stack .includes; |1San ultra-low k dielectric |ayerover a
portion of PHBINgAGMokrepstayes overdhe artyrrilortiYRgR8HBY Y Ehe ultra-1ow k | ayer:

a planari zi fagfgl%yaeﬁ&v Flsidk e E?}% dasHd de@¥efine ABS hOBhbBHHEIHE AliHiRe OXi de

| ayer over t l'anari zi ng
first resist line and the second resist line separated by a through line pitch on

the anti-reflective coating layer;

10 etching the anti-reflective coating layer using a low-pressure polymer burst with a
non-oxidizing gas mixture to remove a portion of the anti-reflective coating
layer; and

forming a first polymer layer over the first resist line.

2. The method as claimed in claim 1 wherein etching the anti-reflective coating
15 layer includes using the low-pressure polymer burst with a polymer burst pressure of between

10 mTorr and 30 mTorr.

3. The method as claimed in claim 1 wherein etching the anti-reflective coating
layer includes using the low-pressure polymer burst with a polymer burst exposure time of

between 2 seconds and 10 seconds.

20 4. The method as claimed in claim 1 further comprising forming a passivation

layer on the side of the first resist line.

5. The method as claimed in claim 1 wherein forming the layer stack includes:
forming an ultra-low k dielectric layerover a portion of the etch stop layer;
forming a hardmask layerover the ultra-low k layer;

25 forming a planarizing layerover the hardmask layer; and

forming the low temperature oxide layer over the planarizing layer.

6. An integrated circuit system comprising:

an etch stop layer;

a layer stack having an anti-reflective coating layer over a low temperature oxide
30 layer;

a photoresist layer over the anti-reflective coating layer;
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a first resist line and a second resist line etched from the photoresist layer with the
first resist line and the second resist line separated by a through line pitch on
the anti-reflective coating layer;

the anti-reflective coating layer etched using a low-pressure polymer burst with a non-

5 oxidizing gas mixture to remove a portion of the anti-reflective coating layer;
and

a first polymer layer over the first resist line.

(A The system as claimed in claim 6 wherein the low-pressure polymer burst has

a polymer burst pressure of between 10 mTorr and 50 mTorr.

10 8. The system as claimed in claim 6 wherein the low-pressure polymer burst has

a polymer burst exposure time of between 2 seconds and 10 seconds.

9. The system as claimed in claim 6 further comprising a passivation layer on the

side of the first resist line.

10.  The system as claimed in claim 6 wherein the layer stack includes:
15 an ultra-low k dielectric layerover a portion of the etch stop layer;

a hardmask layerover the ultra-low k layer;

a planarizing layerover the hardmask layer; and

the low temperature oxide layer over the planarizing layer.
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