| NTEGRATED CI RCUI T SYSTEM EMPLOYI NG BACK END OF LI NE VI A TECHNI QUES
TECHNI CAL. FI ELD [0001] The present invention relates generally to
integrated circuits, and nore particularly to an integrated circuit
syst em enpl oyi ng back-end-of-line via techni ques. BACKGROUND ART
[0002] | nIRFEGRATED CIRGUIT S¥YSIRNMi EMPLAOYINGBACIO ENIDOIVLENE VIA
consuner el ectronics, such as cell phones, video caneras, portable
nmusi ¢ pl ayers, printers, conput er’FEC‘HNIQUETSegr ated circuits may

i nclude a conbi nation of active devices, passive devices and their

i nt erconnections. [0003] On-chip capacitors are critical conmponents
of integrated circuits. These capacitors are used for a variety of

pur poses including bypass and cepagiNi pfﬂaglljl ng to anal og and radio
frequency integrated circuit appli cat];O(;ns. ecent |y, back-end-of-1line

(BEQL) e iitors (VNCAP).with stacked via and .
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pl anar capacitors such as netal -insulator-netal (MM capacitors
require extra process steps and masks. [0004] As today's integrated
circuits becone nore conplex, nulti-level netallization technol ogy
(sonetines including nore than BAGBCGROVNR AL | ayers) enables the
formati on of a VNCAP structure that can be achieved w thout the extra
pr oc es 408424 p Intgartedheikanits dindmpplicatmmhiermany: eftiogay apansuncar ebdctronicsy @%h as

However,, i er..to hi eve t hi gher .capaci tance densit
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finger citchieh @byt HRINYCAP Enibifdtitne dTUSCibe d8ataneshsiivih debicts 2 their
nmore stringent mninmumpitch requirenents that sonetines violate

VNCAP HSTCGAN¢qHIoBS. [ 0005] Unfortunately, the progression of the

m ni mu ifC i hese ' VNCAP st ruct ur i.S causin )
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failure, .. ch are rapidly becom ng sonme of the nost critica

chal | eftflie TregueRfyaintegratad iciisuis ppRlieasionsp Ksicertly  back-end-of-line (BEOL) vertical

natural capacitors (VNCAP) with stacked via and inter-digitated metal structures have
emerged as an attractive option for advanced CMOS and BiCMOS RF technologies because

conventional planar capacitors such as metal-insulator-metal (MIM) capacitors require extra

process steps and masks.

[0004] As today’s integrated circuits become more complex, multi-level metallization
technology (sometimes including more than 8 metallization layers) enables the formation of a
VNCARP structure that can be achieved without the extra process steps and masks common to
other on-chip capacitor structures. However, in order to achieve the higher capacitance
density (capacitance/area) so desired for these BEOL VNCAP structures, the finger pitch of
the VNCAP structure must be designed with more and more stringent minimum pitch
requirements that sometimes violate VNCAP design rules.

[0005] Unfortunately, the progression of the minimum pitch requirement of these VNCAP
structures is causing process difficulties and long-term reliability problems, such as via
protrusions that cause time dependent dielectric breakdown (TDDB) failure, which are

rapidly becoming some of the most critical challenges for qualification of such capacitors.



[ 0006] Thus, a need still remains for a reliable integrated circuit
system and nethod of fabrication, wherein the integrated circuit

system exhibits inproved VNCAP reliability performance. In view of
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| NVENT| OQRebitios | prassurep radde reven ryeaieri wrgepeold des catical reeepsdy dhatc ansovdrs be

system j wng. jding a substrate including front-end-of-1ine
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ei t her tggeé %ﬁlggar e[g% gl?’he via group. 100091 Certain enbodi nents of the

i nvention have other aspects in addition to or in place of those
ment i oned above. The aspects wi |l becone apparent to those skilled in
the art froma readi ng of RICHQ@IURY G Tdkt BNVENTdEdcr i pti on when
taken with reference to the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON
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enbodi nfirst nofallikeiopriegenind foreiig #8econd metallization layer over the first metallization
layer and electrically connected to the first metallization layer through either the viabar or the
via group.
[0009] Certain embodiments of the invention have other aspects in addition to or in place of
those mentioned 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a partial plan view of an integrated circuit system in a back-end-of-line
stage of manufacture in accordance with an embodiment of the present invention;

[0011] FIG. 2 is a partial plan view of an integrated circuit system in a back-end-of-line
stage of manufacture in accordance with another embodiment of the present invention;

[0012] FIG. 3 is a partial plan view of an integrated circuit system in a back-end-of-line

stage of manufacture in accordance with another embodiment of the present invention;



[0012] FIG 3 is a partial plan view of an integrated circuit system
in a back-end-of-line stage of nenufacture in accordance with another
enbodi nent of the present invention; 0013] FIG 4 is a partial pl an
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[0017] FIG is a partial plan view of a rst conductive trace an
a secorfar @othdekc winee metalizatioor leselt binploying ansthgderédz abhfgurhestelof a viabar in
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present, LGN it an embodiment of the present invention;

[0018] FIG. 9 is a partial plan view of a first conductive trace and a second conductive trace
for a thick wire metallization level employing a staggered configuration of a via group in
accordance with an embodiment of the present invention;

{0019] FIG. 10 is a partial cross section view of an integrated circuit system in accordance
with an embodiment of the present invention;

[0020] FIG. 11 is a partial cross sectional view of back-end-of-line metallization layers
formed within an integrated circuit system in accordance with an embodiment of the present
invention;

[0021] FIG. 12 is the structure of FIG. 11 after etching;

[0022] FIG. 13 is the structure of FIG. 12 after further processing;

[0023] FIG. 14 is the structure of FIG. 13 after etching;

[0024] FIG. 15 is the structure of FIG. 14 after forming a conductive layer;

[0025] FIG. 16 is the structure of FIG. 15 after etching; and

[0026] FIG. 17 is a flow chart of an integrated circuit system for an integrated circuit

system in accordance with an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0027] 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



[0019] FIG 10 is a partial cross section view of an integrated

circuit systemin accordance with an enbodi nent of the present
invention; [0020] FIG 11 is a partial cross sectional view of
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[0029] Likewise, the drawings showing embodiments of the system are semi-diagrammatic
and not to scale and, particularly, some of the dimensions are for the clarity of presentation
and are shown exaggerated in the drawing FIGs. Additionally, where multiple embodiments
are disclosed and described having some features in common, for clarity and ease of
illustration, description, and comprehension thereof, similar and like features one to another
will ordinarily be described with like reference numerals.

[0030] The term ‘“horizontal” as used herein is defined as a plane parallel to the
conventional plane or surface of the substrate, regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as

[13 2

on”, “above”, “below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”,

39 ¢

“upper”, “over”, and “under”, are defined with respect to the horizontal plane.

[0031] The term “processing™ as used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or
photoresist as required in forming a described structure.

[0032] The term “on” is used herein to mean there is direct contact among elements.

[0033] The terms "example" or “exemplary” are used herein to mean serving as an instance
or illustration. Any aspect or embodiment described herein as an "example" or as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects or designs.

[0034] The terms “first” and “second” as used herein are for purposes of differentiation
between elements only and are not to be construed as limiting the scope of the present
invention.

[0035] The term “pitch” is used herein to mean the edge-to-edge distance between features
in a pattern. For example, “pitch” could be defined as roughly equal to: (the width of a

conductive trace) plus (the spacing between adjacent members of the conductive trace).
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[0040] FIGS. 1-16, which follow, depict by way of example and not by limitation, an
exemplary process flow for the formation of BEOL metallization layers within an integrated
circuit system and they are not to be construed as limiting. It is to be understood that a
plurality of conventional processes that are well known within the art and not repeated herein,
may precede or follow FIGS. 1-16. Moreover, it is to be understood that many modifications,
additions, and/or omissions may be made to the below described process without departing
from the scope or spirit of the claimed subject matter. For example, the below described
process may include more, fewer, or other steps. Additionally, steps may be performed in
any suitable order without departing from the scope of the present invention.

[0041] Moreover, it is to be appreciated that the integrated circuit system of the present
disclosure may include any number of active device structures and/or passive device
structures. Exemplary illustrations of the integrated circuit system may include processor
components, memory components, logic components, digital components, analog
components, mixed-signal components, power components, radio-frequency (RF)
components (e.g., RF CMOS circuits), digital signal processor components, micro-

electromechanical components, optical sensor components, and so forth, in numerous
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netal li é{)g 8n | ayer 112, each separated by a dielectric material, for

exanpl Asparined 1pdetwesnithe figst conductine sgead @iand theusecorsyemeetiairace
may 'nqbg%%ngbwe%ha SRR SB35 Bt ™| Tor, S

of opposite arity conpare and

opposi 19048je At hah, tﬂéqmcﬁmﬁmpé@. the st dondlictivey mdeai 0615921 1B ¥ebdecodductive
first polar IQ%&F}& negative) and the second term nal 104 may

pos sesdrage d fmﬂeabthef{ goximadaly 1100 aipnometery and §@Q sanompeterst jHawever,
term ngylis19Be %@e&%@d?ﬁﬁ‘ﬁ@mﬁf fnﬁ'i'nﬁ%dtﬂ%% ek oifie ?i.?g%th? VR IRk Gfpb ahd the

that offers a | ow resistance e passage of € tri ca curren
such asecondetcaiductiveatraeni (8o agiwell ias ghemiisifrivah dimension of the spacing 114, are only

to be limited by the current processing technology node (e.g., 45nm process, 32nm process or
below) for forming an inter-digitated structure, such as the metallization layer 112.

[0049] It will be appreciated by those skilled in the art that each of the metallization layer
112 can be based off of a unit cell. For example, metal layers M1-M5 could represent the
unit cell and metal layers M6-M7 and M8-M9 could be two times and three times the unit
cell dimension, respectively.

[0050] Typically, vertically adjacent ones of the metallization layer 112 can be electrically
interconnected through the viabar 110. In some embodiments, each of the viabar 110 formed
over the first conductive trace 106 and the second conductive trace 108 can be staggered such

that no two adjacent ones of the viabar 110 overlap when viewed as a cross section. By



[ 00461 Projecting fromthe first termnal 102 and the second term nal
104 are the first conductive trace 106 and the second conductive

trace 108, respectively, wherein alternating nmenbers are connected to
the firfyming eachalf theZiabar 11h@veetentist esndustile #ade 106166 @bYo hof GiéHhp the

an intey-digitated structure. Accordingly, the first conductive trace
106 and{ef’ﬁ\i‘g%fté’e&ﬁl&‘c&m& itbﬁ_‘thaFC)arcbl Ol_fvgméﬁ OveRhssatad canduaivedrasar OBythe
connect ggk bPsiirt &%ui@fcaﬁébﬂnﬁgi FdalichidTh 6t tl'%qtgﬁ@a'? 4 1bN&n %%%E%P{ geélm:&fil As

104, thereby fowing alter I ng ers o e first co
trace 19®hamdomeecnsiapipndntsondistncey &16 betweed @8chwfi the fiabsat 1 Bnidcsted abelve the

pol arities. By way of e I the first conductive trace 106 and the
second ﬁfﬁcﬁ%ﬁqﬁ%t ‘F%‘E?e)@%psm@% “g‘@ $RSORA o vigaltassi AV (aat b prlstantiplly
| ow 1 eséqufivdIER té Or i cBATTAUEh A zoRkAGAS Tehgth STURE Glbar 198Ch as a net al

or a semconducting material. It will be appreciated by those skilled
in the HW0S1} hHiwiBdetrportectates By those slaHddiot theerttthatdke t@bamHd dandespatinfiom
conduct j 1 can _be separated by a di.el ectric naterial (not
shown) . & SBIIDT 5 SEeitiBmoBy S BRET Gl adieln L Bleial Girikeh Shet b et or a
first ceomtigeiduéting ha€Rial 06 and the second conductive trace 108

beconmes snuml | er, thereby hel pi ngi to increase the capacitance density
of BEOLIOOPRICAGynerallyictthg egabqrorl 18x £anl b denstiyatededsi aeselit sarainctontinuous

current; ' ' S .m L a w.dth r e bet wee .
appr oxi IReCRERELAE EUANRC, B6 Bl o PR Bt fongas ¢ hpiontal
conduct vinevitittacBy féHhing thet igba3€6d0nd pogseeds hbMgortilace1ehgfh ANehsttwice as long
spacing 114 between the_ first conductive trace 106 and the second

conduct # & beugaatal ogar witinthep &atie érfaaphrbxiingr@nped(yinsaonee drgeasnd, the
400 n an%&@xﬁéct/{zig gés%latl%r%%tc%{g b ’lko%%d Piddihe %?femncak)ga% :?liagé area of aeVNC AP

conductive trace second tonductive tra

bet weenstappurex¢camabe| incrb@sedn aherby eihspravichgStHe  reliabiliey eifs theHYMRYAP , stidcture.
istob Wgﬁlder st qod .hg%t t he .m ni nurR?vvi d{g'h of, each of the first i
conduct TIQEe 14 58!l hsoermreriatsd dygthoss gkidied\ia the gxtethabthe wigbeye] 10 germits
t he m nj i [ j I - i

the cur r@@%‘?ﬁggé‘ ie%g%@{eegﬁﬁé’? %ﬁtﬁg’dé&’ eélg.tﬁat%%eﬁl%g%ggggé‘;%zlﬁe(rjﬁo%ypmﬁle
pr ocessobthelyedbon] 1§ wrhile onereasingthei totak aredi afithavmbiarst 0y cienets; helpiap t@prevent
the netallization Aa. er 112. [0049] it will be appreciated by those

ski | | edPPPRESUTY teUB% of the metallization |layer 112 can be
based ofgfossf Refififig £6) ko FIGS. £xa 2P 3

repr eseLt tLe uni t gceI I %nggﬁe%gl rrpg%rzs I\/Bi-ule%%gﬁl %I\f/%ﬁewsbak%oxﬁﬁé%g ntuvr\nobers
times anipdtterdescribentle ittegrateidt ciomiit syditere idi0om, FI@spedt iivabted (ha081R] layers,
Typi cal tically adjacent ones.of the,nmetallization |ayer 11

can be Let?lueﬁgqr ?’%’caa IR}O%’(‘W 3*988 HRES?P&&E{‘}% @Lﬁlr‘fhtrﬁ%’r?ﬂcﬁBléfmbﬂsoge‘{ewl]é’o‘ﬁéu‘le the
enbodi neiis chaeasttistics (912, baPasitidd OnfRhBRJ igeabn fiBcdsk tedhnfRRH WL § %sethose
trace 106 and the second conductive trace 108 can be staggered suc

t hat nodespBbedijmrederenemiosFIss. & ed,vheusfore.theirgleseriptipnataean not witertesinadetail

Cross sggt i Ve f 1.ngqeagh of the viabar, 110 over the first
conduct?o\%epg?%cg SIOG%E)H egstht%o(&ﬁ% p&\%?I%flp%%e}ai'eéﬁgtstﬁu%'f‘reﬁ’n and; BIOeRS steps
one of tdreespordiag tdlfférendedumbers IMFIGeCIORte GamEpEThicdefdr! e CsakiB reference
the risk oé short circuits caused by m salignnment of the viabar 110

can be BYBaEEGededdBdIGRs2Puch, in some enbodinents, a distance 116

bet ween i 1 v, irst. c ctive .
race qRAl Refcitfe HOBEIGS hORH SIBRRNDARA il Fen IR e cipouic
equi val system 01@0 innaekadksenddf-tihe dtage zafhha@nulicaurk efigtadceridaiidee witlak@abther

110. 1005%1 dt will be a%gr.eci ated by those skilled in the art that
the yi aBBPOGITFNE Qf trePreseilt IRVERHOR. nift 89ng enhosiments.cthe iptegraipd circuit system

resista : I i

sem conducting material . [ nerally, Vi a
const r utixewhgee @ neayl eqhahacpasiting mteges gredter thanreet (1), with djacpasselsses For



[ 0053] Referring nowto FIGSFIGS. 2-5 include sone of the sane
reference nunbers used to describe the integrated circuit system 100

in FIG 1. It is noted that the |layers, structures, and process steps
cor r es F3HRRSSH of dissussions drie embedimeniiell Hegefeaedite gs pmatlisgenttdenfigemtion due
char act.gry @1 i1 t hi ckness, function, process

t echni ggéllf{lﬁ C_e%n?gge%cﬁgoggipegv;’%%drrﬁggd inreference to FIG 1 and,

t her ef d0@55]t HEhe imegated plitconSsystetr MO0 niBi inehudt fle i fitsid Gdrminal f102, HeGRecond
2-5. Rat her tge dﬁéfri ptions of the |ayers, structures, and process
steps CdEMHIBELtHYitHyTTsh conduehys race L ifp dressecondpanducting Hrare ¢¢%, shy wibar 110,
for th : i . (= .
Ret or g PP RiIane J197RR! o iR Es, R I, uiactsiond dting s fqpminal
i nt egr at08dthei second tesmaiak h4, Qe first aomhckve trdeeof 04, itesezbad eowductive trace 108,

manuf a re.in caordance.wi th anot her e di rent of the present
i vent itB Vg JA06 BN, oY e I%taéa?'g‘ﬁ SRR At H@ygp_@?ﬁqw riefythe
I ncl udehara¥kNeRBcd, bk ds WatBEI-comBidltidn2 ¥t BnesS Waldl BocE&R! @chﬁiﬁgéns', ggsécribed

layers M-M where x may equal a positive Int'eger greater t
(1), wiabeved] wgerttofilGbars. For purposes of discussion, this

She s Bt The MekRlt Fft 3y dhur a8 ChOYS6bs it oo b nintgrated cirouit
ci r cui tsystefi €00, lG0FIRY, b?%ﬂﬁ'i%gtelaﬁh b sd viaBir 108do 40% sibienBi8EPBlerlap the

termnal 104, the first conductive trace 106, the second conductive
trace losgthifanadiassnt ameoof thaeiaber 410 wheniviewddagsea crobe sectiva (i.he an adjacent

spacin t {s e.understood.th he fi.r.st.teintjnpal, 102, .t he
bcona SehhBulib oS St i PRSI LR RAT by e siliS it Bt BBt 7 pnife Sach
conductdfithe viabael 1O8ver tiefitst abRtuchOtrabd OGRS & tol AP thd RUEH oF bR adjacent
and the spacing, 114 may include any of the characteristics, such as

mat er i fNe e ¥iabpohl0 formned Aerdhe a¢rengd condustive dannil 08 dhat thfoerpptitrage of the
above i t I .| 6] The integrated circuit system 100,
homver@glﬁ“?@gg?q‘)?%‘rﬁlﬁéxlﬁ%?%gr ated circuit system 100, of FIG 1,

by f or riDog7]eaforafvet, e willamapprdfiated s tHode skiditiaint thal dry tigit @hé Apstdfee 116
| ength of an adjacent one of the viabar 110 when viewed as a cross

sect i orPSfVeen eagh of dheyviabar IdQprased aqvisithe fipg canduetive trage 106 ped/or the second
appr eci ahagdcth & | i ' . f e .

vi abar 110 over {t%:ﬁa‘sféggtgfgln%g%%@fe@{ #e%%gﬂ&égggéﬂégsﬂt%vlg\a}gﬁgﬁ fitlEeewabar
| engt h 1d0. an adj acent one of the viabar 110 forned over the second

duct | t 108 t hat it f th EQ_. VNCAP . b L
conduct el gce 108 LIS 11 Sopse ies ot Lhe BeCl ap can e
in the @kfent W0 tiRea dhskadaCofliif Q%%gge&%%agﬁlﬁ h& X%&J?&‘z{nc‘]: 1g'ith another

| ocat ed aboye the .first conductive tr or the secon
conductamkodimanieofl 8 prasenbeénventionc dassoofe embodismntshalne integratedi dmnitadystem

via le h_of .t he, vi . 5 ferring nowfo FIG_3, .therein

i's sho d“ﬁ%??iq‘éﬁle %W#&ﬁm&o by Eedf; ggeﬁﬁtléger&iw i magfaligatiorolgyery M1-

a back-MRrdvidre i ey Shade fdsitiRinicet Bftdr A& z,f‘%hvléohhnﬂ&%t\h%ars. For

enbodi ment of the present invention. |In sone enbodi nents, the

i nt egr aEpPsep PE discussia, dris eadodiayenit mill bdaefzroli@ARs f epntiuudng cBEfiguration due
tal | - tallizati I M- M wh I

met a tQXEé@%%éH&ﬁ O?E?c 2 Slﬁlzaiﬁrlef)& ayers ere x may equal a

positive in r-gre ), wWith continuous viabars. For

pur pos€9089] dIke imsnared ¢ibdust SyERaE i 10BNa ihélude th& st Renifal 382 athe second
conti nuous, configuration due to the aliginent of each of the viabar
110.  terminal 104,’the first conductive trace 106, the second conductive trace 108, the viabar 110,

the metallization layer 112, and the spacing 114. It is to be understood that the first terminal
102, the second terminal 104, the first conductive trace 106, the second conductive trace 108,

the viabar 110, the metallization layer 112, and the spacing 114 may include any of the



[ 0059] The integrated circuit system 100 may include the first

termnal 102, the second termnal 104, the first conductive trace

106, the second conductive trace 108, the viabar 110, the

met al | i dadracderidtiay,esuch b, masdalt b@npgitén)ghitkdess) tind prdcessoRchuiigadss tdedstibed
that the first term.nal 102, the second termnal 104, the first
conduct #ReR 5889 9 G he second conductive trace 108, the vi abar

110, th a, i i I : a t Cl e i :
of i e U8B} STht Alepfed €Yl Mden? 0. HSwePar diMlert dordlithe MECHAIBd Aot
pr ocesssystann i DQuUESEIGIds by iftraing lwavle of therdglaard 10cask $Blidl and] @dGAdouEh®drm of

ot co plrdagtahf it 55 Ve aiout BYE I ToRED S tast el of Fead it g0t first
sol i d apshduefid AAQURD6 RH/8r He d38nd baRRLti+d Rald'Ads. CANs Y @archgﬁ’ et vidlab110

to about 95% of the Ilength or area of each of the first conductive
trace 1088mgddver theHirsswmdnetiveomenectovennt overlep BbBut 3% te abdyt X546 lof die length

th i 110 f d A i t duct t 06,
about 501 £ ST, SEoBDHE HEOT ] RIS h S B Br Ve Jphrthen
110 for oRde@\eh ctdre sé@ivae.C9BMEIIOS chiiff@fatlflf, When vi eved as a

cross section (i.e., a continuous conf iéwr ation), &)0061]. It will be
appr eci H08d] pit wibbe apiedinted bynthppgeskited imthe ay tad byt fagmisg tacloof theviabar

vi abar [ i nterconne ering about, 20% t.0 about
o500 of  1oeF 3 Bpiflins IHEHDR L ZORORRE Fhou 2094 10 ol 3801 Gt BadR B grea of
and t heeadcofidhe ofi@ticbhdietive aggcel Q86 hat thd @ceaidncbhdiureite OkadeNe0BEEh the
VNCAP can he maxim zed. 100621 Referring nowto FIG 4, therein is

shown ac@gfttange of thg-BEOEWY NE Athean b mgximigef.ci rcuit system 100 in a
back- en [ nuf e 4 i ot her -
embodt mnehy RERrhEASy 8 FICOL (EHI £ shBuRRTAERRAR Vbl B lghEHucea cireui
i nt egr atestersi 1@Miin aybickrendoof-liny dtagd wdenanVHCARe fiar A rdancBEGith another
nmet al Ig&gr " sucg as netallization layers M-M where x may equal a
posi t i vETPAGIGEF of thepresent HAYETHIoR. (1) SOmF erbefupges: dbe intaergied preuitrsypstem
pur pose ; i [ r r )
Ct gger o A N CP O EEP Ry RO bl a3 S ds bRy lnyers M1
400. [ O¥6R{vheteex inay egua haositivedniegersgrsitenthb@@nady), iibl stehgzetedevid igrosips. For
termnal 02 t%e .secand gfsrrri nal. 104, H‘Lpe first conductive _ trace 106,
the secBHPORSRIEITISHORthisLTRRASIMEREL WL DS referrad {Q)as p sipggered sonfigyation due
spaci ngtolid alighsheht T it Q1R889406t 1S to be understood that the
first termnal 102, the second termi nal 104, the first conductive

trace 16M63] hdheaoghtaboident systemr Hik nay8inchude thretfabtl iepatrabi 02 ather second

112, an he s i 4 may,incl ude an f .the characteri.stics, h
as mat e?ﬁr‘;ﬁlna&oﬁ%g!siﬂ?el gﬁi{St t°ﬂ¥%‘|f<°ﬁ’é’§g ?raﬁ?'ndy%’?o%s §°‘E°§ghﬁ? Ve h@%ﬁf’r ﬁbgd the
above i tet@Gadtidnt 1Qydr! ﬁzh the 426hd] 1 TWant rih@graagx?g¥ @onC Ut ts RYId &me}é%Qod that

however, differs fromthe integrated circuit system 100, of FIG
by f or nitifgfiesh dermynalt HE, vhexpegondigrmisal £04 the, fiess conductive trace P64 6@ second

Unli ke i Nt er t ni.cture, of the viapar 11 t he
via gr otﬁg&%ﬁo%ahgyﬁoﬁécﬁ’ﬁ eI%g aﬂike%g}l?bl a7 13I a%ndgt?lSSB%cdng/\} féﬁmyéngﬁde any of the
hor i zonthirastedstidsdbiichods facdtiadtdagipositidn) dvitkgess, &@TPIoded teetinig@Rt dbscribed

via length at least twce as long as a horizontal via width, It Is to
be undefRe¥sod regatd teEip lof the via within the via group 400 may act

I ndepenggiyq) Y T8e oldr6d Rt sy¥em 100, however, differs from the integrated circuit
system 100, of FIG. 1, by forming each of the viabar 110, of FIG. 1, as the via group 400.

Unlike the continuous interconnect structure of the viabar 110, the via group 400 may include
at least two vias grouped within a horizontal via width of each other and having a combined
horizontal via length at least twice as long as a horizontal via width. It is to be understood

that each of the via within the via group 400 may act independently or collectively. By

10



formng the via group 400 to possess a conbined horizontal via |ength
at least twice as long as a horizontal via width, the total area of
the interconnect/via can _he increased, the interconnect/via

resi st AREBEREYER BOREAYY to Mssesha campied ihpezentplavin densth phleastimaee af long
a VNCAR st I NGl.easqd - Vipg: .t rel babl Lty

o1 e GRS LT WRh o SRRk O O BRONE006L 08 ) AR Vv
t hose shkidr¢amuhertivia hesistartcetchmbe bywdred,mind gheaftdttiot chpeitet plagy 2P oV NCAP

over the first conductive trace 106 so as t.0 not erlap the |l ength
of an ANSBEREAEREIBToHE bRV A6 SRR Dovahe ML A SOt
conductipggst  BeReckB VRGN b¥iapPRdiads l?’y a{hogé SkiBIeg tih Qb &t 1ﬁat1bala%)§ming each of

staggered configuration), the risk of” short circuits cause
m sal i gheeta gofup 40 over the dup bdductare thecegt(fasd ys tedatedkrlapsths Uetdpthiof an

" ooat od GBSIECHERr BERAE BRYRADR PoRed Pk Ertsgo el Hage S vRen viewed

conductdsve dro@ceectll GRN Detapebiet asnfRulaliofy Uihk &N b tRof! cirdLifXERS8d
of the combi ned hori zgnt al vai%g | engt h “of 1tohg via group 200,CI [(1)0661 by

Ret el | iTHpahgwmed ofjthe vin gronp 480 rean desteatly wdpead: i Ab spétarin spew exibadireents,

i nt Gl L CU 100 i . back- end-of - | i t f .
it ao Custidcectio SRLETbaRo Be 31 @R AR A5 BE Trfleqgptive wrace
i nvent i 106 arldiorsthese@mdadindenive, trdch & 0B the Bk atBdarkiall§WqhiveYs 5ol 80e®Ys of

include a iv' NCAP formed by BEO, netal |ayers, such as netallization
| ayer s tNE combinegihorigontahyip lengtiapt thepimgronpd00nt eger greater than one

1), w ' - Y . e . discussion, t.his .
)] R0 U 3 T BT g
t he al isystein of0Cednha obadkhendvafalitgy Gtze400. mhAdBdEreTHE hddoeddn@tedith another

circuit sq%ﬁem 109 may include the first termnal 102, the second.
t er mi naimagsiment,at the preses dayratippe Inrseae embodimeatss dagidegrated arcritesystem
trace 1 mhiendBidl Nkl , [ L e vi )
ar oup 408, ™ IRIGh SINCARIDTHENE BRI pietfIFPAE' i B b Al dfyed v
second Marwheralx they equdie fdsitbie integeugicatee tHahame (106vith héjasan ofglgroups. For
conductive trace,.108, the netallization |ayer 112, and_ the spacing

114 mayPHREYI S drpstentthis erpadiendr vk bereterasstip dssamadiageng configuration due

conpositbitﬁérmgt}h&hmﬁ%a@h@f’tﬁew{aogrsﬁ 4bgchni ques, described above in
regard to FI 1. [00681 The in egéat ed circuit system 100, however,
di f f er {0068 The integratadaciehiic systam t109yshprimdods tiof fiFdtGerminabyt 02 othiei segond

each of, the vi r,11 of FIG. 1, as t via group 400 that are
adj acenmgla}(;ng&ﬁng’teh%ﬂrs.t_ &W‘#‘}%QV? htéa‘if’orlbgp Jbﬁsg‘icﬂ’c‘ r EKistiye sF3fc Qe the
of the me@lddatiddQaydrna2viiR Pasup 14190 @ e Ra! 26 800 §8RL tolPuNdeAR00d that
grouped within a horizontal via width of each other and having a

conbi neteHust sesmingl \)2a thepepohd 4ermpisalst 04, vihe dirstscorshgtias tach didbz et sdcond
via wdthq |l | under st opd t{ hat ch.of the.via within .the vi

group 4 85 dﬁ%@“%a@?&?‘n éﬁhgnrggtﬁﬁ}zxgﬁ%? iaé'ST }ggtalnggﬁlei,spaggpgf €Ir4r3inﬁ§ l?ﬂ'é‘?w ot the
group AdMardcverixnies,esifthaasCRBtHAE dompesitis® Nhadkn¥ésd ah8Natbbesdttcbiffgles! WekBibed

as long as a horizontal via width, the total area of the
i nt er coAP¥E LR (9EATEENEKE li ncreased, the interconnect/via resistance

cen e JBVRL e g SLGE M ) ). AL PRSP P YR g

struct e Can pe | nCreased, y 1 npr

VNCAP sdysteat 10@.of[FIG69] bMureingeachi df the hiablel BRRF etGat e thy vid@sep 400 that
skilled in the art that by form ng each of the via group 400 over the

first cBRdGEACEYtoenscanoties. ddnlike the copiényans intsecanaeeftsirusture of sy sieban 110,
f P\ . . A 0
0! HES TR OUR AP TR 0¥ LIE AR BTSNl 8O
t hat t hethengathadng @ a@imtihed BaClontNGAR 1amyth heleastxiwite asl lorg fThorizontal via

Additionally, it will be appreciated by those skilled in the art that
t he di S‘P@]ﬁl&e K% gge{b\ﬁe‘é‘?fieé%&ffghatt ??éhvgﬁﬂber St W46’G“Itgﬁa‘f‘écg858v‘g)0t @y act

independently or collectively. By forming the via group 400 to possess a combined

11



[0071] Referring nowto FIG 6, therein is shown a partial plan view

of the first conductive trace 106 and the second conductive trace 108
for athin wire netallization |evel enploying a staggered

conf i guhGrizootal ofa tengthvataleast thid aslomgcasr ddoteomalt viaanddiyhbe koteinareafof the
t he pres?nt i nvention. In sone enbodi nents, the pitch (d rcated by

a di menSBPBEHViHSEhDEneTrasedh 1T MIBHATRIGYE Terisiaca 68n MRdowgeed, and the
second smadve chyRithf AaR A08ofAVINEARMBAROLACHE IRr&ed, $Reteby improving the
Typically, a metal l'evel with a pitch of 200 nanorneters or )ies% car
be descrdlipbitityaef the VINGARstrectiest al | i zation | evel . [0072] Generally,

the vi 1 i ng| | i d.contj i nt t/ Vi

tnat  potBEdt oSoiBis AT B SppielalseC ofepe skl *F Lt UG By Tgrathedach of

hor i zonthalvia/gz@upitdo BerBiie HRY cOXAITRNE trade 1 60188 b @iRAS) R 1@% &84 adjacent
r e

roughly illustrate the horizontal via length of the viabar 110 of
pr esent OnBb thenkiat groumpy0p diermedy ovie theesrpond diondretiverirge2l 48f (itehean adjacent

vi abar i.zontal via le at |l east tw.e I

s o hottaisufaRT AR, Aelel o "(Bos, Heob g Tieernifiibe ShHECBRT L iicar
be i ncr easdnatifigzddnt er connect/vi a resi stance can be | owered, and the
effectiye_capacitor gate_ar ea of a VNCAP structure can be increased,

t her eby[qoﬁ'ﬁ} ofMidiionslty, tiepilh b 1appiecisted; by thagekilled rin dhe pg that the distance 116
Furt her i 1 eci V. A iLh. the art that
he. vi apareqy ettt ne Vs BRRREANEIGAIVaS NG Ttk il 5 PHds BiPor e
pr ogr anseched cefidietive waky 108pRaRSiH &ecesopf Pk déds| thathd bemdinad abrizd@al via
whi | e ipc‘rgtgla(gj}g% the total area of the viabar 110, thereby helping to
prevent 'S BEnVIA LS War i ng et ching. [0073] Additionally, although
the preg@ni] eRbRHL PGt ' 'kﬂ}?ﬁ[‘ i .
conduct fu\?e {r ace lr%l?ﬁvg%g g‘cg’n el%g{nﬁﬁs'gtg }N\E}e r a{%l lﬁ)g{%"gﬁ%ﬁ% riliéStv(ioa g?nve
110, i ttrace 106 dnd theisabend condhictivatratt @0 fersethin eideanktalbiniticdelsceli dagsloying a
herein i,s not, restricted t hi.s cific enmbodinent and it wl]| be
readi | ys%%%?é?deﬁ?nsf{%éh%ﬁle‘gsr‘“ ll%jq@fm taﬁ%Ofﬁﬁl?C&W%ﬁa&e% ogunent afdhg present
the secpREntANAULEdME ehdBBEndRS thattch BehRBRE Hh1L Chd

w thin the teachings ﬁer ein, and o%csgi Iled in %e dg}?%(nsﬁl%ly@?(ga%%tﬁsgn the
f or m al fiest pendugtivetriesdl Geeandstheisedondichhiduaive traget) 08 sambel 200 niviomadtes s less.
of the fjr.st,caondyctive trace. 106 e second conductjve trace 108, .
ond t he TPEHLE S5 I SbEF Bief Sr0q RS ok 180 St by CrsntBeT ekt fimaire
i n the aetalliAg@bnlidkel.vi abar 110 nay al so be forned adj acent to one
another as in FIG 2 or as a continuous configuration of the viabar

110 as [W7# cGegeraltyrthpaighor d 1 0imay incluslebe selidi and comihuoha intengenmect/via that

nor e of | i | r..112 f_Fl 1, capn be fqorned.abov

or bel Og\%{éﬁsg@?%?{é) Izé%%idg{ét lfgét%t artz]ilgaéﬂf% eaﬁsglopﬁeassaeg%ﬁ%?%agn‘ﬂﬁé’f‘&@‘e By way
trace legmpechleaghalidefdo®B0R cai edbly ilRistrafe@hié Bbrizon®dl vEXRARIESS the viabar
[00741 Referring nowto FIG 7, therein js shown a parti al an view

of the f1¢efthegngssat embodimeats. 1By fampinghe lnedhdimensioncO2v the aiban §80 to
for a thi j . i ih O : | j ; d..

cont | gubairss iidShkd vid FREIOR JofRt B 104 10 2R ARIELE i, fhe gl area
t he preeftile intey@mheaivia ban benwcressbddihetntesconnber/ i kesistdrde van Gatlewekdy, and
a di rrena}i?%g 700% bet ,ween1 the first cgnducti ve trace 106 and the )
second fFetiy$ eanarieeplatsearea aT B VDA PrstBRBITe can be ingspased,Tpieby improving
a net al A ; -Qf ; i .
foa ¢ hiediRabitity T B PNCAP Sl ARGIELSE (IR Sofaibf I BREE Pl in
may i ncthedat thag dhé diabmd 1 t® permito application adfnm ededtivieaddtd atepposion ygegram that
hori zontal .via length at |east_tw as o as, .a horizontal vi

wi dt h. E@Gﬁaﬁ@e&w{ v ths tpe-ﬁé?%leoq%@ﬁs‘mh?r%? ile Fstrghing e rotaf pega of the
the hor vzat ailo, ﬂie@eﬂﬁiwﬁihﬁgé Pie%nwg!aﬁén ishfeAdurinperdtigs ent

enbodi nents. By formng t engt h di nension 702 of the viabar 110 to
possess|[M7Rbr Addiicarlly, althouglytire pres¢rdasnbadiinent depidte agersinaumber of the first

conductive trace 106, the second conductive trace 108, and the viabar 110, it is to be
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t he second conductive trace 108, and the viabar 110 nay be practiced
within the teachings herein, and one skilled in the art may readily
formalternative enbodi ments with different nunbers and conbi nations

of the ¥idestiorbHintche weesentagmabadiment Hescsibed greiwnglmet resirigtedide thigsspecific
and t he, Vi ¥ ol j e j.at e.skille
"t he 2 pORR et e N BBy ppltel] wiipBRRUEBrite By (PARG TR a8 Tos,
anot herthassecondré¢ddutive traceab0®) apdnhé Mlabus 1 00 ifaydsy piachsedovithiiethel talidhings
110 as jn FIG .3. F r{eBe.r re, it is to be understood that one or

S iskiled g

trre of D¥HD ARY & ¢Ermay peaddly form; alternatiyg emabadinants gvishh Giferent
or bel i i i

" ave PgHRLSAA S RROS 5 EASSAER 2Rk e SFE SR 0RMEH Vo 10n
100771 ek theviabgr hbodv Moréaver, i8wilt he agpraciated dlyahoseskidiadt inahe pit almat thewabar

of the first conductive,tr.ace 106 and _the se conductiyve trace_ 108,
for at MPW ra%"ﬂ’étfl&FP?dz% JPCSRT [90ns anothsr %F%EP(gd%?raﬁg"’e?%muous configuration

confi gus@dheQRaldr 110esVih F16GT QUPFHHhBred #G8 16 BRARAWSI AARALHROGE HRIL of the
of the present invention. In sonme enbodi nents, the pitch (demarcat ed

by a di metalizstiodayer Jd2wetRIG.hk dainrtet fovoadiabovever belawethe dBstacuhdubigve trace
second ductive trace 108 can be nanor neters .or |ess, . .
Typi cal f@ aggrrte a?ecf"é@eqon e RiS iﬁgo?a%ﬁepr?ﬁﬂﬁ yePsg‘(?fecfrécs matepipl, for
be desceidpgsleas a thin wire netallization |evel. [0078] Generally,

the via group, 400 may include at |east two vias grouped within a

hor i zont0874Li Refgransmnew te &. 6 thereimiscshham anpprtialceab Vresdofthel frsheaductive

via le . ce. as. l.ong_as rizontal. vi i di.h. . By.wa .
exanpl 2? 5% ﬁign%q%ﬁtﬁé iS%réégr? Si on %ﬁ?egﬁaﬁe rl% gﬁf ?7%1?1% l\jv&errg?tgi'ﬁzﬁt}m& Jﬁ%} ﬁ‘é‘éloylng
hor i zon4 sfaggérad cemiuratidn dimhie Widba QU irft Atoadankh &vifhr B5@AboERRAELbMBRtTesent
By formng the | ength di mension 802 of the via group 400 to possess a

conbi ne®VRRHID: oMt sPmE embodipens,the |pitgh ((demprisated by aslimersion 78P) befritegh the
via wid r €.l r lVi n_be, | eased
Uhe 1t it cbifudibtacB A8 S IR°cLMELERNSEE o8 1ER i 20D EABEReters or

capaci tmorg| AyEcalyga métableVRIGHNt atpitdh of 200 Ganometet G Bakechn d@dsehiVed as a
i nproving.the reli gbi ity of the VI+I CAP structure. [0079]
Addi t i offk yire metalizagiondgeelor esent enbodi ment depicts a certain

nunber @p75heckhéslly @R ig%;air M§olhdf ﬁcgtgﬁh% g&?d ?ﬁ& g&?hrg{&ﬁ? Exgtte}pc\éﬁnéét/%cfaethat

108, and the via group it isto erst oo resent
enmbodi neessesses e rhiopizdntab v length atdeast ewidel ot bagtas 4 hoszapslcvibiwidth. By way

enbodinent _and jt wll be r ily a rent tha re or, l.ess of the .
T RN NG FINE AN 32 KON < o
via group 6PthePryscRE eRbBGin&ed B‘ytfghﬂnghﬂe iaalii s@)‘ﬁr’mfof ﬁ@ﬁ/ﬁ&ﬁﬁ? 110 to

skilled in the art may readily formalternative enbodi ments w
di f f er ep@ssessribeorizoatal vio idpigthnsti least twicetdsdohg as b hooizdoial visewidthctbe 166l area

t he seco conductive.trace 108, and.the via group 400. Myreqver, it
w11 beS s BRrRbkfyt FREBe TetbrRRate et hafet iR stinee.fed ooy, and
400 maytheleFechige tASEREr gﬁteaﬁe@bf bV QOAPUIRICARE cas beMnérkidedDthereby improving
Furtheriiore, it is to be understood that one or nore of the

net al | i hgaeliabilityafithg YNCAP sencurel  Fusthererd, dirivididbeadnpreciaed byltbesetshidled in

first c i and.. t he .second .condugtive trace 108, each
separ at @g%mf\{?l‘éel(’g% rr%g&rl?ﬁf%ﬁ gprli ﬁ?n&f;ahfﬁq%&wf b PTRAFEIY PRQSH that
to Fl G effsctivbBr @ngroves ﬂi&QWE-paoﬁl%rdfi thk vRAban IM0aMhi®d iddiésig the total area of the
conductive trace 106 and the second conductive trace 108 for a thick

wi re meYiaban L8 therehychedping ko prsyenigvia opemipgeesedirgfi¢hiog.at i on of t he

via gro 0 Al4R: i e . e
nvent i Sa76p AUBBEGRL (OB AAL pRBer TR oidel BFT Rt it
900) betamlantitderake ri6, ahadecdridv eoidirti®e 1tofreanoB,t ivl sec etubac ANOUGE iV be

trace 108, can be 200 nanoneters or nore. Typically, a netal |evel. )
with a b‘?‘l%ﬂ%‘? ﬂ%ot?lﬁé%??élf MO&W?&@SE&W’SB%&& npkesiiacted (tpjthig specific

embodiment and it will be readily apparent that more or less of the first conductive trace 106,
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[ 00811 Cenerally, the via group 400 may include at |east two vias
grouped within a horizontal via wdth of each other and having a

conbi ned horizontal via length at |east twice as |long as a horizontal
via w dthe. seBynd/\a;ndaxtavq)treqe t08, endtthe diabend i@ mayoi prantwemlughhm the teachings

illustrate. the,conb i zont al I en of .1he VI roup

the pr eﬁ A aAd aF ﬁkﬁ@g be Btr’??‘f‘)’lde‘t‘ﬁ]é{ fé‘%‘g"{h‘l’r‘&"r Wﬁrf'é‘i‘ 6‘2’5 d‘l’ﬂl ﬁtaf?erent
Vi a gr oHemB&e ah@ cHRBHEESnLoARE R AREnDRvE Akt 08 tRe k&l Qoﬁdu&@e%ce 108,
twice as long as a horizontal via width, the total area of

i nt er conmbthe/wahar ¢ 5 b@rteqv@r,eawelhbe ametlnteérlc'dhﬂmlhdanrth%m ttbmcl@ viabar

can be t ctive, capacit pl at e e a VNCA

struct ul}g(yvgrgr?g t?(l-:-sol ﬁ% rfg a eIy ogﬁp?'%)@?eﬁ 2% A ﬁg ia%l?lr 13y %fCOPHEuOUS
NI NCAP  sérflifiiration. of[tﬁ@S&bar’\dIi) bd BNRIG.Y3. Bhithab@be, ihl tBRSRdErstood that one or
enbodi ment depicts a certain nunber of the .fi rst conductive trace

106, t hBwseebribe cwidllizationelayend 2,108 FlGnd, e bei i9rged Abouoer telow ghe dirst
h d t
12 kol ke 8 MUSEE kR AROALARRLC 9556 RE L B S it
appar eninatérad, fop&xangle.l ess of the fi rst conducti ve trace 106, the

second cond ct| htrace 108 and the via group 400 may racti ced
wi t hin 107 & et FiG. §n@‘etﬁ%lss§homneﬁjpﬁrﬁat pian é(i‘tw ﬁﬁ erfggigganguctive

form al ;rﬁtmd 4% TR ARBhGucth il D86 ol TR @G BARABPLLMSing o

of the first conductive trac he secon con uct|ve ,
and t hestaggergd @opfig@BtioMof ebw evia groumid0D ineaappiaace atidd ahyerhbakment of the

skilled in the art that the vi roup 4 may so he forned adjacent
to one BIfSPHelVERIqT, HPpcsorse eﬁﬁ?q%tf@P gw Pttch sng‘Ba’ES’é ctinBris CEBHHMME00)
one or BefReR{tht MRstTBSfIukidatied 108Y&ld #k2secdhd %oﬁ’duétlvecﬁ‘ﬁbeb?Oé QBB 200

above or below the first conductive trace 106 and the second
conduct heometenseor 168, ’Emcallyepanattabtbvbymthda pitelt bf 200 mav@nétats, orf less can be

I 3 to 10, th h tial
o0t SUEFERT o plb P oBeIREIORISA i oLi 1 'system 100 1n accor dance

Wi th an[evspdigersially] @i ESHNUOD MaPtineinde THelehdtt e a4Ad edu\tth
system 100 i ncl udes9a sublstrate 1000, 1e f|?st gonductl ve ?(razlalb 6

and t hehgrééqmd o mddtbtaf\each pther andBavingd combingdeherizontsd viallgogth as dnaht twice
as the r 11 of FIGS 1:3 or the vi ro 0 of . Fl 4-5,
foonay B ABRLe § Ropmel % i Bho'Periiodut € hl® dipfisidn SR e Tovenly
i ntegr atmdm@ter Ghy tcowﬁﬁamhw&oﬁm ad lhﬁngQfﬂ tl@é_ldvxﬁ)f gloupe4(d-ESt he present
processin steps e.g., deposition, oxidation, inplantation, etc.).

As i s wembogisagis. i Bt AemEng thqugﬂpr%me@@mgg()@ypt dhl Vig groRPEtOfctal Pessess a

d/ G
et s P2 HERESHSL ' SRR R0 oK s Al Phpth LB g e
t he art of kst intdreorsiebigtia e be(Q6readedt e mt@smtecdvlacksistuﬁ@ danybd Relewsde and

any nunber of active devjce structures, passive device structures, or
conbi nathoH€edtive caprcitas BlteIniegIof 2 YNEAR staartaieadndie inpreasedy theashyrigwroving

my | nkilRlishiRe) 54 el IGEAPUkRBUCh as, but not 1imi ted to,

processor conporients, nmenory conponents, |ogic conponents, digital
conpone h8679] aralditgpratypaltentgh, therpxesentsérgbadimeatipepiets tascerfpm@imber of the first

conponent s, r.adio-freguenc onents RE CMOS circuit
di g]lo tal °8’i“b"rféh"°6t"’68e®goﬁlec§?é§5 338 Vsceeﬁﬁfétwn@eh\amse%tp 460! {3 0 ve

conponeRhdersBli thad tHReHIKnt CHMRRAGEES deRBBed hef@h i not RedMHErEL Q4! Sthls spemﬁc
configurations and arrangenents as may be needed. Additionally, It

to be ustdodined andat widhiee wadity appayénttthet motecglassedf the ficsticonducsive mnace 106,

100 coul on the su rat 100

b soparls B5oR BRIy S lraf ok, A o yipfkEo i A0 b g vepsticgt pithin % tefenings
assenbl ihefeidt ard b SHilled a0 ehePhrti ARy k&adlillyOfdrm[ ARBRItiveeREbAiln¥ntstWigh different
| ayers for nmed above the substrate 1000, such as the first conductive

trace 10@mbereanskeosthinatinng af the first corductiys tragnd 06l seroad sondiative trace 108,
and the via group 400. Moreover, it will be appreciated by those skilled in the art that the via
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100871 Cenerally, each of the first conductive trace 106 and the
second conductive trace 108 formed on a horizontally planar |ayer
(e.g., the flrst netal lization | ayer 1004) can be _described as a

metal | &KPEP, A0Rrmenalea e fermt adizcant §p anerasiotisn e én Elﬁbﬁ'y Fwghermore, it is to be

i nt er copReiodd To hor i I

pl anar | ayerg o%t& e Irs 6{@6(}13%1315%11\3@%? ?g e??g% Q rllé&rsne%egfég’ﬂe!i%bove or

conduct belewtthe fiest tOBdyotive trace héd setihe declfmidadolndﬂai\leafhcb a98reath@6parated by a
iti each of. the first conductive trace 106 and the second

Addi ti oirlaaLeI i/ e plll

conduct fiREciicRatengh fopgxramples nat el v possess a first or second

pol ar i t ypogeORRfeRSEnEhbWab MIBSH! ﬂh&%lrpfs 86y \A{Ieﬁﬁaltﬁlﬁﬁ SRy 6%@%& éJﬁ%ucuve
inter-digitated structure combn structure.

be undeﬁé@ﬁbkﬁﬁ %rkihﬁletSh@ndrmducﬁvenmcarmB fode phick edrebyethlizatign lfs/él emﬂloymg

"m nus" thi-n the first conductl trace . 106 a the
conduct | v«ga%?%?\éﬂe %@@uf%loﬁo‘ftrﬁ?‘ﬁpvd? EEHP, Ql\gﬁétf aF%(’rfl?ﬂfGr‘f’nﬁtanl esm ’tnef‘hgf the
pol ari t yreéritemRaitesh. baWesie heKdoaantas,| theagité}p fAmARARE Sy Al dinihsion 900)
first conductive trace 106 and the second conductive trace 108 wit hi
each of between jthe tfirsfeeqriductivn itiape |1Q§and1@@4seann|d tchaduntivorttace 108 can be 200

tall 0 0881 G 11, .th [
ohown o diorfers Y Blort dpicolid e BE <SR! Wi R 00 Randtieies St SigPe oo be
layers @escribed i 4 thick Whte nhdthltigstadnadvai rcuit system 100 in accordance
wi th an_enbodi nent of the_ present invention. The integated circuit
syst em [81] nbieneralyath via seuel 409 mey |la§le¢le Pld@aStttM@ wies agtobped iwithin a
layer 1f g ot Ri2Si %tfegéh Hﬁ%exalxﬁqﬁ 12 coﬁfr,{e% 1N pglal lggéqu?Xﬁﬁt twice

equal a positive integer eater a ca

a seconab thingl &ch momzbﬂybwlal\ilﬂﬁh aﬂd\a&yfdxraﬁtplﬂfwwihgﬂﬁ dﬁﬁerﬁﬁine@(bzﬁban roughly
1106. qg}gm Generally, the first dielectric |ayer 1100 4‘&) i ncl ude

an i nsullsiralg e é%of’%hm% h?n&O@Pbl‘é%tkPEthc&fsf}&ntW( KgrouR| refndfingpresent

from | ounbgdifieals. d%%ﬁﬁﬁhﬂgg W@ﬁﬁgﬁéﬁsﬁﬁgﬁﬁgp&cﬁgaﬂ?%er S%'Ohyto%ossess a

t he VNCAP structureforrre I'zat1on

exanpl eg:omhmed ihoszomakeviedengtl at RyertwidOdd loay as ndiotenmabiar wiltls theedtal area
as sillc f|u0l’lt2 Qﬁiﬁ di el ectrics, polyarylene ether,

silicon® éconc‘i‘FC B#§ ilpsTEasercihe dnterepnaesthiz kerisancscap he lpwesed, and

di el ect ﬂie%ffe@ﬁ% c&ﬂa@ﬁopﬁﬂté AL896r BgﬁgCMIucﬁHQ caf e 'ﬁ%r@&s?dt ﬁe?é%?throvmg

5000 nanoneters dependi hg upon th esign requirenents o
i nt egr athedelsabibinia tbq/MR@ﬁucmre general, the first dielectric |ayer

1100 ca a . vari of techni ques, |ncluding,. but
ot oatod) { Aifonaty St RuaE e Plest enhapimaih depiost i cHRodIERESS of the first
and/ or sgiducEeedadd.10808R0decdh® BRARkiVE Zt?e{cboﬂ)@ %@rthé-lv?a ngO(f Gt 78¢h be

within the first dielectric material 1000 By way of exarpl
met al | i padargnod dhasrthe presany em’cmkiuu@ltadetmtl‘md hereith it noff festrected kapthis SpeCIﬁC

resista g of .electri curren

seni con%ﬁg?élﬁbeh?rg {ﬁﬁ;gﬁl Ceadily dnher e&’?%én?rﬁé)rr (i%ﬁs olfl%?FeF@ﬁF‘?“@g??ﬂ? trgggs1 06,
met al | i getseedhd eydictivetradl B Bhd tHis/is gﬂﬁipnmd @AY P be %ﬂ&ﬁc@@@xtﬁﬁﬂ&% tédehings
wi dt h from about 50 nanorneters or less (e.g., depending on the

pr ocesshereim st oy skaldrd) in theam)mayw@dnharfmwpmaaép@mmgn@mmltlhélfferent

desi gn cui em

e B SRRl o RSB S s, R0 i oe 100
can be fmt thedibygroup\H00i Vigreofe dnviditid th@ﬁe@%@&ﬁbd&kﬂ%ﬁﬁltw&& that the via
i ncl udi n% but not I imted to, damascene trench fill or subtractive

et chi ngé |nay, alsq s fornsd adiagsnt tp gae apiher ayin HG.He Buthermere,titis to be

metal | i o st
feduce Paissfibod B ond S gt o PlrRn i Al BUHY 12,07 LG, L HeBrh 4 ghove or
can be bciowﬂhe diwﬁrconduﬁwettt&efllols sihd dhesezohd icondwyiee trht® V0@ reach Beparated by a

metal | i at iflz The capping layer 1102 may include any
mat eri af'® 0138 egah LR stop [ayer during etching. For exanple,
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[0093] The first photoresist material 1106 can be forned over or on

t he second dielectric |ayer 1104. The first photoresist material 1106
may include any material that acts as an energy sensitive film such

as a nel§¥8Bl eRefsring sgivsto, FEG.pde,i thevain tiprshowasd partiabreress cisehivc afidw of the

anplifi [ esh hat is osited. by teghni ques ,wel | wn in the .
art ana e Hrebl ot P pecdoahbe w4 b drERgHfent o B¥ RetPpf Gvention.
phot or eShsintegrited cirbuil SREeniayo inttldéda sobdrads 1000 thePirbt @ndaétive trace 106 and
phot oresi st |l ayers including additional |ayer such as a priner,

. S . a‘
top ant fhersesondcqanductivegamceny)Banes an nfensonnestnl 807, isuptens Betvigkar dd8t PHBIGS.
t hat may_sb 2 e;}ﬂ? e, the devel opnent of the first
phot or els/i3ét8rﬁla%ér)¥r§ﬁp%?%6. gi%gﬁ]s*)As is well known in the art, the
first p[®B8d} eSiesdralintthe satstrhic) B00arephsestx tospeltion odchd hitepritedichichi®Rystem

t hr ough retic or. mask _wi.t.h transparent and opaque regions to form
a hol e i‘i‘beng‘FfL%yi @wt-s’a%-gf-ﬁm\getﬁ h PEQFESYHRE SGPar 8- rdsgPyHenoPxidgton,

reticl ?iﬂﬁlaﬁ@ﬁgn,eéfegs%s NG elf wnYianlepA}Qtﬁ@ﬁ}ﬁboﬁ@%&&@%ﬁl&y forms active
dependi ng upon the photoresist layer conposition, the &xpose
por t i onandgér pdseivpurcoitegiostponantseairt, leer, hedonmsvitoh tid sibstrate IHODLIA € stiah, it

b t d | ,.th f i h Qf th | 1108. [009
Ref or 1 W N APSI2{oE,ov1tb05 TR i e S B AP0 oG (3 Pt displosure
after eh@ii fbluddy aﬁ’?ylrl%b&é%}pla@tivé hevi@C eRtctiics! € dN& shhPhhres, or

54i
can be etched by a nultitude of processes includi ﬁgj 1but not limte
to, wetcembinatiensathereof. dicgordinghy,rthe (wegratedacircaiicystem 1@hmey dihclude electrical

o . di t th t chi | .
oot opt o R aS Tt Rimirer' & e ROLBFEERT Vo ChpHgstaslogic
to the s@hpshedts, CAIQRAN cbPpohdis,CaRbE LohRents 1 OdixedBNRARRICbYpoh&ifls, power

etch process forns one or nore of an opening 1200 that teim nates .
upon r eSMPeRFNEs, dadigpiptqrgnen(BE) 1copmonsnisect- Sy &F 6AMOSr cinprits),ofligithk signal

metal i zatli -The eni 200 may _act as.a,structure fo

'he subERseadt PR miGHyRBROh B ap ool My b B ST fonily, ana
group 46 fort, ifrhGherohs TonSplragaueatid drtangbslthRGistoh® BPaeided. Waldkiodal§, it is
first photoresist material 1106, of FIG 11, can be renobved b

: .car y
t echni gifele waderstepd Watjonetasanegetofthe infegrafes et sysEmel 90 cpwddw] prepared at
Referri t i D4k C . Fl 12 ...
artor 1o e o W o, 1006, nich ROOToq EpRled it dp@iidslloy ‘Pripie
i nt egr aireegraied circtit a3seindiied A0a 1ats Beagalolf Yabridagommat eri al | ayer 1300 may

i ncl ude teriagl that that can substantjally planarize a to )
surf ace @%b NEI3EY; @@3@)/%{? équr 2nve tag sulsratdH00q, ﬁe?lesgfﬂpnﬂragem@ctwe
the pri | he t i Enakct! Mol

enbodi rreﬁirﬁ?i)?d)?’ﬁge ﬁ%:to g(ril%gf? aye? Hfé&%@ﬁ%? fh%gmrjde a%Ct(}?)gg’n?rg f?rg?er I %IBEOL
such aspeocasamg bteps (a1g., byaddpositiohaf rex@aispind J@0eH]csAosaeandtorizontally planar
phot or esi mat erial 1304 can be deposited qQver qr.on the terial .
Payer 150 HRGS (Y/Pomisii oM A hnd 1540 PEFARAGIOOR BHAEBRGE GG conductive
mat er i akradd @06QHE thd ebRAOMILBTE Facd P08 %ﬁﬂ%@!rés}seclt%% , c%fnn{:)ég@d Bk first

1108 formed within the second photoresist materia can
st r at egtesaiinal 18P jagd 8 seeend temmirgl 166rtwtlodf FHe Inet al | i zati on | ayer

112. In nbodi ments,.. one or_ nor f an. interconnect e 1110

may posSBaRl ¢ iReiRgS Y gﬂ‘ﬁ%?’g%t?oéﬁ )?%e%ﬁi ﬁliﬂ é;r(?flg‘l“gwtehga%ﬁ E@%}sﬁréngheofecond
the vi abafidutiiQe trate FH%Ean Be rouped bi@ firkEmetafiatidR PayePl 064 5811 otheR of the first
100981 Referring nowto FIG 14, therein is shown the structure of

FI G 13cafqustivetteasent6 Byd thg seeonsk gopsfustive Heacaal @ icent bleagronpad@e,a efcond
FIG 13 i ctyr 104 i | a 102, .
can be AR ASRCIRECHY §pd B bl FERARREBHE" KR Ahaf 8l be in

to, wet eﬁ:&iﬂahgoxﬁﬂd/v@iﬂ(lj deysudbiite Ll@O()%r%"f canfbd Rﬁﬂéétﬁealidbﬂtaelt G/Xh another metal
process). In sone_enpodi nents, the etching process may enploy =
i sotr opa%}'eét M. gﬁhwgéli thegmesant smhedpaentomy ﬂew&m%sfﬁrﬁh@ew&k@tmllayer

1004 and the second metallization layer 1006, it is to be understood the more or less of the
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100991 Cenerally, the etch process forns one or nore of a

netal I i zati on opening 1400 and one or nore of an interconnect opening
1402. The netallization opening 1400 may act as anot her of the

met al | i Bgial Hyerspatd ba forpredasbortamny/of bklovptitet Gush smetdibratioe dayee 104 end the
wi dt h iahi | i.nd by etching processes, while the

i nter c?%g%%&ggghﬁa%éxial&%@g act as the space created for the
subsequi@n87idepeasdriliyBad oft the firdtabaduclill trabd 164 581 thésScond cohftivk ace 108
group 4f00’ of FIGS. 4-5. In sone enbodinents, the etch process

r enovesiosBEG @ gehgsirontablys plenas fayee dpe@i.nthel Hissrmetpbzation dxysosE0Mecaw be
nor e of dEtal L [ e t her e rm.iting electrical
connectclléggﬂ%et V\ggellﬁbtt%ﬁfg'yg%t“l zﬂq %1} éal?]e(?)\ﬁeniléa]‘ly rlg%i‘g)%gﬁ%&gtg 558 ﬁcé’ﬁlpFé 1002 to
deposi ta&fjadent g pabwetandssetdw pRoridvataliyasiatiaridPers of thd £t cdndhictioé tiade 106
via grou 4g0, of FIGS. 4-5. [0100]o Subsequent to etching the

met al | i %%k 1B 56 nePrrebvan@aaend OB n{ese ofife secande imetallizatom layes  1006).
i nat eri ghgkigyary. 390 t ' [ 4

Fla 13 KAy, LR LN o RAART (G 1P SRl The SRLRY ERaubife rad 105 may

wet andilmately poksese reliss br cbead plaigssiesvn 20 t0Rdr Rafterer omgegative,t thereby
FIG 15, therein is shown_ the structure of Fl GQHM after formn

conduct 1FENE sy InfErhetaed siuetyre sommeg oha BEAEUYNGAP ISH};‘@Prengb?s & be
barrt . ' oon Thesi ome,
arri eryd RyL5odARhe I LS f gtma!rf?f'aé idtedl B& i é]lgs g%%@??a{lgﬂaﬁnhm the éirst

andl or prevent electrom gration or Interm Xi ove an
bel ow t ¢radpetivedracedPérand 302 sedond somductind cdcerdd® & ndthimpbaant] whatl iayi@portant

1502 may ,include, refractor talg, such _as,. but not |limted to, i
{antal o P PPlghGe pEFHENRY DoTInonRPRIy AP RBTHES rise fHcepiuctive
101021 tFhe DOBSKE tHev&ecbAY @bndire Gt NDSMRARIN EQM &F R fHkd ﬁ{etafllff‘ﬁattiﬁnalgyer

offers a | ow resistance to the passage of electrical current, suc
a net al 1K aaddbesasond mstdlhizativmtlaydard006. n some enbodi nents, the

duct 150 i.pcl.ude copper.. General.l t he conductiv
Coyer 110088t XSt R LY FCE Lt PR R el A Fortaferaiscirofiat fiew OF back-
met al | i anaitofdlineoperailngtidd O et dribe withireihe Qe Sk edORANING sttA0R0 iR Acbordhince
FIG 14, 101031 Referring nowto FIG 16, therein is shown the

st ruct uVEh gp epptadimentgftthe psesent inyent@melThe ligtegrated comdrystiere 10Gjnsiudes a

1500, a hnt ] cirecuit,system 100 are |ocall
or gl og%ﬁsregéﬁcﬁ%%%gy% {ggcrﬁ%%ﬁ%gﬁ%n & %%A}l%’a%c Iaﬁn%‘r‘:lqzaﬁtrf’%‘ﬁ %%ng layers
processMI1-Mawel@e x infay icguiloa Pesitine gitsge@qedtbitthad diel (1), dleppdig layer 1102, a
alternate etch-back processes coul d be enpl oyed incl uding, but not

i mi t ecseeend dislectst ﬁY?{g”&ﬂdmaﬁfsypb@t@rﬁsgmaé@in%ilé%s. After etching
the int t i i t b i St : .

conduct o8 cSefirif the TS Eflel taler 100l By 3pdiBAEHR 80l 3hotcl®l with o
vi abar diglctriof chhsBiit (k)3 value tdnging dran olow 4Q0 highf depé&fingd-pon the desired

Addi tionally, after etchi he integrated cjrcuit _system 100, it is
o be TURFLISE et Of e \DYGATCHTirF agared by he RROH: e e yers, For
metal || gakdé) thawgst ditkectic faydH M0 hidy ilfldeShBterials such as silicon oxyfluoride,

porous dielectrics, polyarylene ether, silicon dioxide, or combinations thereof. The thickness

of the first dielectric layer 1100 can range from about 500 nanometers to about 5000
nanometers depending upon the design requirements of the integrated circuit system 100. In
general, the first dielectric layer 1100 can be formed by a variety of techniques, including, but
not limited to, chemical vapor deposition, physical vapor deposition, and/or spin coating.

[0090] The metallization layer 112 can be formed within the first dielectric material 1000.
By way of example, the metallization layer 112 may include a material that offers a low

resistance to the passage of electrical current, such as a metal, a semiconducting material, or
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[ 01041 Subsequent to etching, it will be appreciated by those skilled
in the art that additional capping |ayers, dielectric layers, and/or
netal |ayers could be fornmed over the integated circuit system 100

and t hecg@nbiaetesothesbf pFheburfdceSf thd mfalligition 18ger’ EReRREnBhedBpinBdayer
to formﬁ mul ti-1evel VNCAP structure. [0105] Referring now to G
17, t het E¥ncansraggewn wdth) fsom abapt S manemeterseefr s tr-2i fenendingyen tha process

1700 fo j ' ' A : Sl
erbodi sy ar ey RERITE el AGY b BLATbILR BERTRE ARG Mdlions of the
1700 i nuitegiated priconitdsystena KlOb é¢.g.atthe | VINIOAH rgpdoitante denkiy).- | imezeneral, the
circuitry in bl.ock 02; formng.a first netallization |ayer over,

Che. subBeralfetioRd R P et JrEHBos GBREY ThiPEBLeIAPE GRS B bBiaues,

1704; f pichidigs, St ARAlimAed oY id@mdE QMR Q4Rh fillCof isFﬁ&acﬁleé 3ét+ﬂiﬁ T ANl be
layer in a block 1706; and form ng a second netallization |ayer over

t he firappracistgt by doserskiledein thadareltieattthe ontthllizebomdayeed 12ombpealda irsdude
metalli éati orm%qa%gr th ough 3i t%er e viabar or the via group in a

bl ock 1798 'H10E1ES HASUBERY P& E (étrsé]an‘%ﬁc e present invention
thus hapo9aperaysa@ine dyer 1 AEcHUSHfRARE Gvet 8r bhale fiREdRIRERMayer 1100 and
invention inproves the reliability perfornmance of a VNCAP strucCture

by for nthegnetallizaven layer bl2/i Ehayeappmadiayer bl Boniy nslude aniy andtenajtthatoictsaas an

conbi ne i ia length that i t least twc s long.as a .
nor i zontst S ARb AL B0E" ok Rbpbl B (R Il @ R a8k B8 Raterials
i nvent i suchi apsitices nNQAf silizeh Catbaiueds; YsiRednf 0% yRabe-iideOWRicbA Lattige, or
i nterconnect resistance between vertically adjacent BECL

met al | | sePEAtions teseol ThEhepthackagss ph il canning davieeld 82 wcan gange from Rbept 50
ool ; ; | et ; "
the I nt gfcoNa66! toaibgutvﬁiﬁg ?‘.Ea?g%}egﬁry L(feggllﬁ(gﬂg tl#yé%lert}?é Qie%l%? n%éegglqgﬂwr?tg of the

the via group possess a r-a co

hor i zontraégruted cirengtshstemnat00i Ingenérahshe tappits Ryet DI @ R fodhed BRtaddariety
via width., [01081 Anlother aspect. i.s .that_ the f)r esent invention )
increas8t Shinneludnga OPt Apc Hmilpddps ebemisal yanaicdapasiting (eige high density

capact t Blasihak @1AhRAnRIndAE PHIGEA BHELEGHRIRY IR B ghchie Vi abar

and/ or via group I nterconné er aspe at the
pr esent [0092¢nflhesecand ditleetrictlhgerVii 1@l aanviedfohmed di ar ovora thgr cipping ldydr 1102.

WU S it g, ooL P51 e 3L, Y Spar oL on BLOSLATE LT RSk

o O eat L R B g P o R f the

to the M&EAP ditrushg oloroed thyethei BEQL ametaldizatiora lgrecsip.For example, the second
dielectric layer 1104 may include materials such as silicon oxyfluoride, porous dielectrics,
polyarylene ether, silicon dioxide, or combinations thereof. The thickness of the second
dielectric layer 1104 can range from about 500 nanometers to about 5000 nanometers
depending upon the design requirements of the integrated circuit system 100. In general, the
second dielectric layer 1104 can be formed by a variety of techniques, including, but not
limited to, chemical vapor deposition, physical vapor deposition, and/or spin coating.
[0093] The first photoresist material 1106 can be formed over or on the second dielectric
layer 1104. The first photoresist material 1106 may include any material that acts as an
energy sensitive film such as a negative tone resist, a positive tone resist, or a chemically
amplified resist that is deposited by techniques well known in the art and not repeated herein.
It is to be understood that the first photoresist material 1106 may include one or more

patterned photoresist layers including additional layers, such as a primer, a top anti-reflective
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10110] Anot her aspect is that the present invention does not require
extra process steps that affect the baseline process or other

devices. 1 Yet another inportant aspect of the present invention

i s t hatcqatingaanddesl ¢ aligporansi-rgfdctier ¢oamg thae hapther employed etod edtfiance the
reduci n FARIE Ly t : i ncreasi ng performance.

101121 ‘ggﬁ%iﬁﬁgﬁ é?&§§P§g§¥§1§§§E§?Qegf t he present invention
consequ@odiy Awris hetl kMvevisimite o, thédiritesHynatasgymhrial 11@R6in boexpesed to
level. [01131 Thus, it has been discovered that the integrated

ci r cui 134 weiagien threugh asetiple primasit vah tapspiretaadioppdie watona friform a hole

her et of u L [ au%h I lltd.es, d

functi og{i 'a@gg?p@ ﬁ%gmgﬁﬂfzﬁgl ﬁgé ,'[?r ﬁggﬂr el gg@??f?%%r%@?‘ﬁaﬁc%@gf xposes the
VNCAP. uiderlyesu photoresst doyes sasl desendanyf upor ahé @hstaaesst layer composition, the
straightforward,. cost-effective, unconplicated, highly versatile and

ef f ect | FPOSEhROONS 9f s Rhetaresisy cany SRRGTRECRMEVIRIHIAE R S1sOiHbi to & subsgament
thus r egdielohes Yhd ki o Regeconom cal |y manufacturing

i nt egrated dcf)ier’cuirt'.%l}EJaCkzl;li)gé’eéd g\???{eésy(ﬂ?(ﬁgﬁ] Wil e the invention has

been deld®9FbeBeferrimpnwrtotFlGn 12i theneia is pbowh itbe biesdtureodtel1G.t11i aftdrcettiging.
under stQod that. many,al ternatives, nodificafjons, and varjations wl|

be apparényaY &t e Flsgﬁor?‘ig%fq‘\%ctﬁ? tlaysy H%hf’arb Ct ?f@ﬁ‘?iff gyé’gé‘?‘ﬂﬂm‘ie of
descri phho@Esse A GRAIEHS B not lindifed! B! GRESEN} P&S &ching €3, ive i
alter ngl%iove:s,e modi fiéc]ati (I)lr?s,1 _énd vari at %onﬂsé, ﬁ{v%gch fglbl:lm\%l{tegi’na lfeﬁgtlve on
scope oftch peogesd)l ulesdms ernbedimahts, tht etehing hiro¢rssasanay empéay fsofrppic etchants

herein @r. sho i.,n £he,acco nvyi. drawi,n are t e interpreted i
an 1 1o SRDE gt AR Birea il Roberil st o M Gonging fayer
met hod {102, m@euéRNYy Uthiendcla Brd et BiratsesheCodr fildhd of ¥%fit §IBhRRTPI00SIHAL terminates
provi ding a substrate incl udi Gggfront-end-of-l ine circuitry;, formng

a firstupfsrgrehingiheappiagdayes\tép2 formedidyst prg er mare of the metallizatipn layer 112,
connect g, E)Ber;ing 1%'6) ﬁ‘}agra%{c‘te as a structure for the subsequent formation of the viabar 110, of

FIGS. 1-3, or the via group 400, of FIGS. 4-5. Subsequent to etching the opening 1200, the

first photoresist material 1106, of FIG. 11, can be removed by techniques well known in the
art and not repeated herein.

[0096] Referring now to FIG. 13, therein is shown the structure of FIG. 12 after further
processing. A material layer 1300 is deposited over the integrated circuit system 100.
Generally, the material layer 1300 may include any material that that can substantially
planarize a top surface 1302 of the integrated circuit system 100, thereby enhancing the
printability of a subsequently deposited resist layer. In some embodiments, the material layer
1300 may include an organic material such as a non-fluorine coating, for example.

[0097] A second photoresist material 1304 can be deposited over or on the material layer
1300. The type, formation, and patterning of the photoresist material are described above in
FIG. 10. Generally, each of the hole 1108 formed within the second photoresist material
1304 can be strategically aligned over one or more of the metallization layer 112. In some
embodiments, one or more of an interconnect hole 1110 may possess dimensions

substantially equivalent to the dimensions of the viabar 110, of FIGS. 1-3, or the via group
400, of FIGS. 4-5.
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formng a viabar or a via group over the first metallization |ayer;

and formng a second netallization |ayer over the first metallization

| ayer and electrically connected to the first netallization |ayer

t hr ough[®98heRefdnéngy natrao KIG. tlde therén s ehiwn 102 strddtereSofSHISN 13Safter etching.
clainmed_in clai mal \i\e/r;er ein: form ngi?trohe vi abar includes. a stagger

. . ed
conf i guP¥t 1P dharaisriab baey t0apt bIE- 13 thenecend distelic ke Wy and
in clai fRelcaphiip8her 190 r@aﬂg)-etélﬂ_ﬁme‘d' A iaHE AE; r&g?&l‘%ﬁtifé?g’@ﬁg,lbut not limited

configurati on. e systemas claine _ o
wher ei nto, ¥8ft etahingyaridier driy tchingi(e.g.ne readtge donsetelygercess)c dnfsbgperemibodiments,

o BT TS B AP S Lo LIS S, A 4 e

i nt egr ahRekrial [56# 13GRY SHReERIBEictiRAayd? 190k dhd theappRglis@t @ 10¢! udi ng

front-end-of-line circuitry;
[0099] Generally, the etch process forms one or more of a metallization opening 1400 and
one or more of an interconnect opening 1402. The metallization opening 1400 may act as
another of the metallization layer 112 or as dummy fill patterns that reduce wire width and
variability induced by etching processes, while the interconnect opening 1402 may act as the
space created for the subsequent deposition of the viabar 110, of FIGS. 1-3, or the via group
400, of FIGS. 4-5. In some embodiments, the etch process removes selective portions of the
capping layer 1102 to expose one or more of the metallization layer 112, thereby permitting
electrical connection between the metallization layer 112 and a subsequently deposited
interconnect, such as the viabar 110, of FIGS. 1-3, or the via group 400, of FIGS. 4-5.
[0100] Subsequent to etching the metallization opening 1400 and the interconnect opening
1402, the material layer 1300 and the second photoresist material 1304, of FIG. 13, can be
removed by techniques well known in the art such as wet and/or dry photoresist clean
processes.
[0101] Referring now to FIG. 15, therein is shown the structure of FIG. 14 after forming a
conductive layer 1500. Prior to forming the conductive layer 1500, a barrier layer 1502 can
be optionally formed to promote adhesion and/or prevent electromigration or intermixing of
materials above and below the barrier layer 1502. In some embodiments, the barrier layer
1502 may include refractory metals, such as, but not limited to, tantalum (Ta), tungsten (W),
titanium (Ti), or combinations thereof.
[0102] The conductive layer 1500 can be made from a material that offers a low resistance to
the passage of electrical current, such as a metal or a semiconducting material. In some
embodiments, the conductive layer 1500 may include copper. Generally, the conductive
layer 1500 is overfilled to ensure complete fill of each of the metallization opening 1400 and
the interconnect opening 1402, both of FIG. 14.
[0103] Referring now to FIG. 16, therein is shown the structure of FIG. 15 after etching.
Generally, the conductive layer 1500, of FIG. 15, and the integrated circuit system 100 are

locally or globally planarized by a chemical mechanical planarization (CMP) process;
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20forming a first tnetallization layer including a first conductive
trace electrically connected to a first termnal and a second
conductive trace electrically connected to a second term nal over the
subst r ieverss élieéa bp satleptood thitcemetituslet dfealtomisée eisheback processes could be

form ng ' . Vi Lo er_each .of hijrst conductive trace
and t nec Bt B8 M lling, Wl hod BRI iRk a0e" S SRAME R FiabET T Syfer
| ayer i¢tchingithgintegited tiraf it V60,tif 8a6 behaddrstosd ttay tlensnaaéttd lhgerd 500
first termnal and a second conductive trace electrically connected

to a sednarpdheingironsset 1 A0Resudhrasthertahny | 0apf BIOS dyérordhe via group 400, of
el ectri F é.ﬁ-ﬁowaﬂg%ﬁgll){, %ﬁtepgtcfxfnr %fle Hi“t‘éﬁ!#eh?ﬁ&ﬁx? %}rslté?'x fo)O,tinSC{H %@ alnderstood
or group. : e syst I'n

ei ther the viabar he vI a stem as’ cl al ne

cl ai m 6thahéreecondutiveniaygr 1 HG0 tam sisonfial fhezatthlbizaticy éayeand?2 tdrea demeand fill
metallization |ayer includes formng an inter-digitated structure. 8.
The sysP®fs clainmed in claim6 wherein:

[0104] Subsequent to etching, it will be appreciated by those skilled in the art that additional
capping layers, dielectric layers, and/or metal layers could be formed over the integrated
circuit system 100 and the process of steps of FIGS. 11-16 could be repeated as desired to
form a multi-level VNCAP structure.

[0105] Referring now to FIG. 17, therein is shown a flow chart of an integrated circuit
system 1700 for the integrated circuit system 100 in accordance with an embodiment of the
present invention. The integrated circuit system 1700 includes providing a substrate
including front-end-of-line circuitry in a block 1702; forming a first metallization layer over
the substrate and electrically connected to the substrate in a block 1704; forming a viabar or a
via group over the first metallization layer in a block 1706; and forming a second
metallization layer over the first metallization layer and electrically connected to the first
metallization layer through either the viabar or the via group in a block 1708.

[0106] It has been discovered that the present invention thus has numerous aspects. One
such aspect is that the present invention improves the reliability performance of a VNCAP
structure by forming a viabar or a via group with a horizontal via length or a combined
horizontal via length that is at least twice as long as a horizontal via width.

[0107] Another aspect is that the present invention improves VNCAP radio frequency
performance by lowering the interconnect resistance between vertically adjacent BEOL
metallization layers. The present invention achieves this by forming the interconnect as a
viabar or a via group, wherein the viabar and the via group possess a horizontal via length or
a combined horizontal via length that is at least twice as long as a horizontal via width,

[0108] Another aspect is that the present invention increases VNCAP unit capacitance by
effectively increasing the capacitor plate area of the VNCAP structure by employing the
viabar and/or via group interconnects.

[0109] Another aspect is that the present invention can alter the viabar width and/or via group

width within a VNCAP by using selective data preparation programs for mask tapout.
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formng the first conductive trace and the second conductive trace
includes formng the first conductive trace and the second conductive
trace of opposite polarity. 9. 'The systemas clained in claim®6

wher ei nBecausd trentialeprtaneé the wiatgroom ehetlidde ent sgstemarincredse the tataldarea of a local

conductive _ trace includes fosinin he first, conducti.ye trace and t he.
second ¥8ntgdpFiencef @ dmepryia i ere a?dfus GRan BHRAUNg Fpcest Gtude with

10.  Theycyiels Sy iQUAdRAsibR of YR ki bHALNGFa 0P | S1 n: f o i ng a

vertical "natural capacitor. 11. An integrated circuit system

conpr i si0140] Anscthies asprtieisi thatl thd ipnepeht imventemddash -niot mexuaier exiat prygess Seeps that

first netal | atilon Ia¥er ovtir itihe substrate and electrically
connect #PT & psClNfgrerss 8T oReL IS or a via group over the first

netal | i gatipyet ay®her iﬂgﬁn@m&%ﬁ_@&%ff’fﬁé Btdserahi@ifiohay eat Qv edludte shpports and
metallization | ayer and electrically connected to the first

met al | i gQavicen thaybistorigelutghdepf heeduging oodbapimplifying wystegp.o@pd increasing
performance.
[0112] These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.
[0113] Thus, it has been discovered that the integrated circuit system of the present invention
furnishes important and heretofore unknown and unavailable solutions, capabilities, and
functional aspects for enhancing the reliability performance of a VNCAP. The resulting
processes and configurations are straightforward, cost-effective, uncomplicated, highly
versatile and effective, can be implemented by adapting known technologies, and are thus
readily suited for efficiently and economically manufacturing integrated circuit package
devices.
[0114] 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

drawings are to be interpreted in an illustrative and non-limiting sense.
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What is claimed is:

1. A method for manufacturing an integrated circuit system comprising:

providing a substrate including front-end-of-line circuitry;

forming a first metallization layer over the substrate and electrically connected to the
substrate;

forming a via group over the first metallization layer; and

forming a second metallization layer over the first metallization layer and electrically

connected to the first metallization layer through the via group.

2. The system as claimed in claim 1 wherein:
forming the via group includes forming each of the via within the via group to act
independently.

3. The system as claimed in claim 1 wherein:
forming the via group includes forming each of the via within the via group to act

collectively.

4. The system as claimed in claim 1 wherein:

forming the via group includes a staggered configuration.

5. The system as claimed in claim 1 wherein:

forming the via group includes an adjacent configuration.

6. A method for manufacturing an integrated circuit system comprising:

providing a substrate including front-end-of-line circuitry;

forming a first metallization layer including a first conductive trace electrically
connected to a first terminal and a second conductive trace electrically
connected to a second terminal over the substrate and electrically connected to
the substrate;

forming a via group over each of the first conductive trace and the second conductive
trace; and

forming a second metallization layer including a first conductive trace electrically
connected to a first terminal and a second conductive trace electrically
connected to a second terminal over the first metallization layer and

electrically connected to the first metallization layer through the via group.
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7. The system as claimed in claim 6 wherein:

forming the first metallization layer and the second metallization layer includes

forming an inter-digitated structure.

8. The system as claimed in claim 6 wherein:

forming the first conductive trace and the second conductive trace includes forming
the first conductive trace and the second conductive trace of opposite polarity.

9. The system as claimed in claim 6 wherein:

forming the first conductive trace and the second conductive trace includes forming

the first conductive trace and the second conductive trace with a pitch of 800

nanometers or less.

10. The system as claimed in claim 6 further comprising:

forming a vertical natural capacitor.

11. An integrated circuit system comprising:
a substrate including front-end-of-line circuitry;

a first metallization layer over the substrate and electrically connected to the substrate;

a via group over the first metallization layer; and

a second metallization layer over the first metallization layer and electrically

connected to the first metallization layer through the via group.

12. The system as claimed in claim 11 wherein:

the via group includes each of the via within the via group acting independently.

13. The system as claimed in claim 11 wherein:

the via group includes each of the via within the via group acting collectively.

14. The system as claimed in claim 11 wherein:

the via group is configured to alter capacitance or the occurrence of short circuits.

15. The system as claimed in claim 11 wherein:

the via group includes a staggered configuration.

16. The system as claimed in claim 11 wherein:

the via group includes an adjacent configuration.
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17. The system as claimed in claim 11 wherein:
the first metallization layer and the second metallization layer include an inter-

digitated structure.

18. The system as claimed in claim 11 wherein:
the first metallization layer and the second metallization layer each include a first
conductive trace and a second conductive trace each of opposite polarity.

19. The system as claimed in claim 11 wherein:
the first metallization layer and the second metallization layer each include a first
conductive trace and a second conductive trace with a pitch of 800 nanometers

or less.

20. The system as claimed in claim 11 wherein:

the integrated circuit system includes a vertical natural capacitor.
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