INTEGRATED CIRCUIT SYSTEM EMPLOYING ALTERNATING CONDUCTIVE LAYERS TECHNICAL
FIELD [0001] The present invention relates generally to integrated circuits, and more particularly to an
integrated circuit system employing alternating conductive layers. BACKGROUND ART [0002] Integrated
circuits find application in many of today's consumer electronics, such as cell phones, video cameras,
portable music players, printers, computers, etc. Integrated circuits may include a combination of active
devices, passiNTEGERS RO (IRCUIAr SHSTRVNDRM IPOOPBI NG Sl VERRNICERNG! COaeDINEaipIcapacitors
are critical components of integrated circuits. These capacitors are used for a variety of purposes
including bypass and capacitive matching to analdgAyYiER&dio frequency integrated circuit applications.
Recently, back-endof-line (BEOL) vertical parallel plate capacitors (VPPCAP) with stacked via and
inter-digitated co-planar positive and negative horizontal metal structures have emerged as an attractive
option for advanced CMOS and BiCMOS RFW&%E%PSEBUSG conventional planar capacitors such
as metal-insulator-metal (MEV') capacitors require extra process steps and masks. [0004] As today's

integrated Circtﬂbﬁf’ﬁ“’?ﬁ‘@%ﬁk‘%‘fﬁ ﬁ%ﬁ‘ﬁ'&%réﬂt@g'!;%H&'am?{é"M@g&&&%%@?%&%ﬁ&?@ﬂ@&&i@ﬁwding more

than 8 metallization layers) enables the formation of a VPPCAP structure that can be achieved without
the extra proc&&stEpEr4ifd Gieldk S lmFIRI 0y BEACBIR S S Ryl ¥t ctures. However, in order to
achieve the higher capacitance density (capacitance/area) so desired for these BEOL VPPCAP
structures, the finger pitch of the VPPCAP structure must be designed with more and more stringent
minimum pitch requirements that sometimesRASRERPEIAPRIEsign rules. [0005] Unfortunately, the
progression of the minimum pitch requirement of these VPPCAP structures is causing process difficulties

and long-term Wity BRETARE S ORY BHPS BHE WAL it Y BRI FrABIY i

breakdown (TRdDByHauksteyiddu clnmeeasapioiyiiie camingptgnie giiitersneshgiitiaal ehalldngesiat

qualification Ofcﬁléﬁft]sca %Citl%ﬁude a combination of active devices, passive devices and their
interconnections.
[0003] Passive devices such as on-chip capacitors are critical components of integrated
circuits. These capacitors are used for a variety of purposes including bypass and capacitive
matching to analog and radio frequency integrated circuit applications. Recently, back-end-
of-line (BEOL) vertical parallel plate capacitors (VPPCAP) with stacked via and inter-
digitated co-planar positive and negative horizontal 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
VPPCAP 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 VPPCAP structures, the finger pitch of
the VPPCAP structure must be designed with more and more stringent minimum pitch
requirements that sometimes violate VPPCAP design rules.
[0005] Unfortunately, the progression of the minimum pitch requirement of these VPPCAP
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.
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[0006] Thus, a need still remains for a reliable integrated circuit system and method of fabrication,
wherein the integrated circuit system exhibits improved capacitance density and reliability performance. In
view of the ever-increasing commercial competitive pressures, increasing consumer expectations, and
diminishing opportunities for meaningful product differentiation in the marketplace, it is increasingly critical
that answers H80IndItsheseeptoibliéresnatorévveretivdlevieicmeishsirgiheetcd sadensded, dmprove

efficiencies, a’?%ﬁt%ﬁbﬁ,“&h&&%%ﬂ%%ﬁ(@@%ﬂl&% ldsnevenarealpr Waenpadratnge qritigal preessity that
answers be found to these problems. [0007] Solutions to these problems have been long sought but prior

developments RS RERMABF S udB edid Al s BYGTIGHEANAS (FRIBMESHH GHE RS THES €15P8H R ms have
long eluded thogeeskilled dnsihigeartx PAGERS REIQFnTdhingd NWNTADRS [0Q08k Thegnieseadiavention
provides an integrated circuit system including:.providing a substrate including front-end-of:line circuitry;
D i fro; THaRGELE I HeICAH G L IRNA A\ RS PN Bonhscielnde P
conductive leveiobirasedVipertfroethecfiistiseridgaced levelandsinciugingcactedomdesontlisiee trace; and

connecting th%ﬁ@ﬁfc6%@&‘&%’Er@@e&%@d@(@&Qf&%&?ﬁﬁ\‘&lﬁgﬂb"éﬂ@‘cﬁt}@Qi%c&@ﬁiyﬁﬁ%ﬁ%&%@%9h the
u

second conductive level without contacting the second conductive trace. [0009] Certain embodiments of
the invention HRYRIGHEFSIERIE™: addition to or in place of those mentioned above. The aspects will
become appar@odtg tisoseaiskilledtissthe @i masereaading gktheHolavying detailgandasariptianiwhen taken

with reference {0 ne 2 Cameanying SiingSnd Hint St RN PEpIEN BREW Gpddp Lol FIG. 1
IS an iIsometric view of a tegra d circui systém I a back-ena-or-line stage or manuracture in
accordance withosnskriisbdithenttof the present invention; [0011] FIG. 2 is a partial cross sectional view of
back-end-of-line metallization layers formed within an integrated circuit system during manufacture in
accordance with an embodiment of the present invention; [0012] FIG. 3 is the structure of FIG. 2 after
forming an M1 level; [0013] FIG. 4 is th&S§thiURREDE G113 [afgiNdihg an M2 level,

[0008] The present invention provides an integrated circuit system including: providing a

substrate including front-end-of-line circuitry; forming a first conductive level including a

first conductive trace over the substrate; forming a second conductive level spaced apart from

the first conductive level and including a second conductive trace; and connecting the first

conductive level to a third conductive level with a viabar that passes through the second

conductive level without contacting the second conductive trace.

[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 an isometric 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 cross sectional view of back-end-of-line metallization layers
formed within an integrated circuit system during manufacture in accordance with an
embodiment of the present invention;

[0012] FIG. 3 is the structure of FIG. 2 after forming an M1 level;

[0013] FIG. 4 is the structure of FIG. 3 after forming an M2 level;



[0014] FIG. 5 is the structure of FIG. 4 after forming an M3 level; [0015] FIG. 6 is the structure of FIG. 5
after further processing; and [0016] FIG. 7 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 [0017] The following embodiments are described in sufficient detail to
enable those JRINEH irFike At teesizkatuamel iEe. thafipnmmdre idlibloelunderstood that other

embodiments pygysq bergvidgntbasedandha@resert diselasiie.ane thai process or mechanical changes
may be made without departing from the scope of the present invention. [0018] In the following

description, nfféfHus e%n’ﬁ&élé’c‘éﬁ@%ﬁé’fﬁ\?e‘ﬁtﬁérﬁ s st d AT HdBIEE ARG O e lention.
However, it willnbe @ppacent thahthaboveriooimaypheeptacieeidnvithout these specific details. In order to
avoid obscuring the present invention, some well-known circuits, system configurations, and process
steps are not disclosed in detail. [0019] Likewise, the drawings showing embodiments of the system are
semi-diagrammatic and not t@&salevEDIOE [FYRACRE Y seme UfTtiteiBilnemsianesre for the clarity of
presentation and are shown exaggerated in the drawing FIGs. Additionally, where multiple embodiments
are disclosed &1 dle sthibédlbaisipgrsbodefaatunesiinocieiio syfliriciadeyadnd eabé oficieskidtion,

description, ang GampLEheRSIGRANE! ﬁ%f 1&9&'{'@5aTﬂJ'&ebfeeﬁliﬁé?s%o%H?hBQ &HQFQ%W&IWHWB%“

described with like reference numerals. [0020] The term "horizontal” as used herein is defined as a plane
parallel to the b@ﬁv&@ﬂbh&qeﬂaﬁélﬁrrgawabélﬁﬁ?ﬁ@rwﬁétm@éPré@eéﬁdwéﬁeélvqt%hébﬁwréﬁnmhbeterm

"vertical" referglﬁg@v@ﬂ@gtiggpgleﬁ)éeﬁgliﬁ%@rs@@ﬂ@gmﬁgig@gém asdhsbeefined. Terms, such as "o
"above", "beloy" '@ottom" "top”, "side” (as in "sidewall"), "hlgﬁ’g‘ ", "lower", "upper"”, "over", and under

are defined WI pel& B %n‘iﬁcﬁ%@ [0821]°rhie’h G‘p‘}?)t@&%sfi‘ﬁeg R8IV fheludes
deposition of materigh onqhhsrmls§bf piatiesmemgneXposeve;, devidl bpamgnatetdinde cheaniiog, nead/or
removal of theb"eng}% %] LOLRMIR GRIE RS ﬁ%&%ﬁs'”ll’%%'é}% L J6RCSRES SUYR R PRl TG term "on is

used herein to m ere Is direct contact among elements
some well-known circuits, system configurations, and process steps are not disclosed in

detail.

[0019] 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.

[0020] 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
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on”, “above”, “below”, “bottom”,
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top”, “side” (as in “sidewall”), “higher”, “lower”,
“upper”, “over”, and “under”, are defined with respect to the horizontal plane.

[0021] 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.

[0022] The term “on” is used herein to mean there is direct contact among elements.

[0023] 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



[0023] 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. [0024] The terms "first", "second",
"third", "fourth”, "fifth", "sixth", and "seventh" as used herein are for purposes of differentiation between
elements only ‘@renrmotitoliee oerestridy s imeonginird ssopefofride predemtiaceystiore[OUXB] The term
“viabar" is usegkhesei} tRdngan a via having a horizontal via length at least twice as long as a horizontal

via width. [0026] The term "system" as used herein means and refers to the method and to the apparatus

P INTS

of the present il HtioH ' dEorishee it dhe Hiitext Mibhiciithe- eftls aeddsqusy] Bdsetally, the
following embadisients felaiaiosthe faimatiomodandegr atedwircuitl g yiatemeinctudibg @iaakdnd-of-line

(BEOL) verticaalsqlanrﬁa%llel ate capa itorrggPPCAPzigrt{ucture employing vertically alternating conductive

[
layers of opposite pollnagi y. ﬁcf/)pemp o?i%g tnélgyv/g?em and method of the present embodiments, the
capacitance déMEf} o hev@PCaipbatiusuns bargibdamrenset: bevagsehsubraesign lnkspdeisy between

the conductive gjemeiavithin #ashieondustive layer can be employed. [0028] FIGS. 1-6, which follow,
depict by way of example and not by limitation, an exemplary process flow for the formation of BEOL

conductive layE¥&ith r’i‘eaﬁefﬁfebsrﬁféﬁ”&iF‘éuW%Si/sliﬁ‘?f‘hﬂ&Fi‘ﬁ%f%‘?er?fﬁ’fstd%éhEo‘i‘?%f'?ﬁ@oa%% ftnitifg. Itis to
be understoodapataaup ol i yefapnventional prosesseswiatipg e ol kinaviiic it ket saiteand not

repeated here"@ y grgcede rlal (\.)A\IvllzaneSrﬁbl_cgin'\e/ln(%rergtl\e{ It 'Se‘f%r'?neé’é‘ndé?g%ml% 1 that many;,
modifications, 3 itlons, and/or om|SS|onsgmay & made 16 the below descripéd process without departing
from the scopeyofaineicthidieg sulbjdeendatfeinEdBEHMplatithe paidiel ddseribadprace¥BRqaPinclude

more, fewer, of aiek.stasnAlionalln, tans-MakbeREERBeR BN Slable fderwithass departing

from the scope of the present invention. OozggReferring now to . 1, therein is shown an isometric
view of an inteJPRlEH RrEhfitsEStRnd oueiod DA ARII FrRb BRI e fitraciaReiNastdiahce with an

embodiment oVifrCpR sefttinveation . ilksamermbadioenis gthalin ipgeaie detiweeit By stanmudd: may
include a VPPCAP sttrtdvciﬂ.lllre 102 formed b){ BEOL %ondu?tive layers, such as layers M1-Mx where x may

equal a positiv%ellﬁlteélgser grena‘fg?liﬁgrﬁdgﬁtévflf?’ whérein %Iﬁgror?'aelﬁhg (e.g., even numbered layers) conductive

layers are vertio8A§]stitkéd and Mt'etctﬁmlﬂm&z:;tetttlvwmhyia‘bwspi[w@ﬁipwae_richteglrdmdimtmﬁi@sy@uem 100
may include thga %a%&%&‘scﬁi{\% 192na fihstiate.t MG lirshaeadicve Paig 05 and asacond

conductive plate 1( o _
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. 1-6. 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 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.

[0029] Referring now to FIG. 1, therein is shown an isometric view of an integrated circuit
system 100 in a back-end-of-line stage of manufacture in accordance with an embodiment of
the present invention. In some embodiments, the integrated circuit system 100 may include a
VPPCAP structure 102 formed by BEOL conductive layers, such as layers M1-Mx where x
may equal a positive integer greater than one (1), wherein alternating (e.g., even numbered
layers) conductive layers are vertically stacked and interconnected with viabars.

[0030] The integrated circuit system 100 may include the VPPCAP structure 102, a

substrate 104, a first conductive plate 106 and a second conductive plate 108.



[0031] Generally, the substrate 104 represents the portion of the integrated circuit system 100 formed by
front-end-of-line (PEOL) processing steps (e.g., deposition, masking, etching, implantation, etc.). As is
well known in the art, PEOL processing typically forms active and/or passive circuitry/components on,
over, and/or within the substrate 104. As such, it will be appreciated by those skilled in the art that the
substrate 104 B0Hd preeserillishiosubstiaiay (Mcteiiesary Mgnpbeionf civetiesidedspigatiirastopassive
device structurge, RnaeMmRItRYRRAdReERS Aeenrdinolysihe Wparatedaepsuiisy stamitOQ Y include

electrical circuits such as, but not limited to, processor components, memory components, logic
components, dI§RAPESIhSHEhts ARG ESRPEh Ehthe RikdE S iaresipoiaitally daars dstionents,
radio-frequenan Rk peaimp eienisy(eoshphienEMQ) S circuits)ordigitdah Signalipretce3sar casmpehetts,
micro-electrome (I}anical co nents, optical sensor components, and so forth, in numerous
Confioaratone B R e A T S A R B IR e more
of the integrate@ehirtgiiudystem 100kouldfbecineparedtat Srustime apisover,demdforsiviiinehe ubstrate

104, which CO%M%%&%@&GJN%MM%%J,%J@Hﬂé@h@e@@&@!%?s{éfﬁqi@@ﬁﬁ%*ﬂ@i&ée%l&éﬁ&@f stage of
fabrication. [0032] Generally, the first conductive plate 106 and the second conductive plate 108 are

formed by BEOTBISc8&Sir st s"Lutiied gl JERGHBF CORBOREYS: nRABAs SR et g o create
alternating horizaipiaibnglaoriebnrdugivmenay ensaicoppopicepalariik satergonnestedeytviaso By way of
example, the first conductive plate 106 a e second conductj 08 can be formed by a
camascen prt B S0 LTSI e DLSs Gk e GRS Hta sy ML SR in the ar
that each of thgmseon@iuptin@tslMl@@WW@@h@m@a@ye@%%&mmh@Me(_1 by a
dielectric mateyial (ROt AN 003 I 3ARE ST R iPRGINSs e fifp bedReuetive RIfie, 4R [PRY include

an interconnect 110 and a first conductive trace 112, while the second conductive plate 108 may include
the interconnel® 88 BR4R e deEBhane s duRife thifciiegmiad Sifaral sy séter Ut aaula s esmatictive trace 112
and the secondneangdtictiyevsacadiddvareiveiticallydnieicannacieddaydine isparseanaet ihdidegpectively,
to adjacent (e.g., ak{tovle art1d belgvv.)r hotrizont%llliy Spl(tanrl—;lr Ia¥ters 0 } e first conductive trace 112 and the
second conductive' rlgcee”ﬁ%r.a@y %é:ﬂlo?sé’%lmrﬁe? the fitst conductive tace 112 and the second
conductive trat@0321 €amdrellmatie frohrendvateraplhat Offensialioweresittamdectovthelpads@geof electrical
current, such 5,2 M@k AcieplsANdhe tiRg matsr iRl s RigamAIRatiRRIDeTRALIA034] Althaigh. the

present embodiment depicts a certain number of the first conductive trace 112 and the second conductive
trace 114 fornf@d AR EHEHMRZHFAOPAHEF RAPIHCt i35 REBPSS RPIHHY tHETSARISEHE@ mbodiment
described hereyj isanoBiestictad tarkiis, spedific amnbrévapni@nddtvaliesceasly apRareppihat more or
less of the firstl gndu tiv traceb112 or the second con%zctive race .114tv¥)i1hin each h triontg\IIy planar
layer may be pracﬁ?:ré ewffﬁ%eilhey t%a%ﬁllﬁsﬁglﬁe‘?reolﬁe,séﬁ He sKined ih heecalr]tl%?é)o/c%%di y%rmealternative
embodiments wphediffedey thastherdledhdhchmbindimnsdr thglferdirsondubiiviedrplae 108 and thee second
conductive trace .16 0QR3LL iR.10 RR Lndersigaddiateaciueldhe it aparichiyg race 112 within the

first conductive plate 106 can be connected to a first terminal (not shown for purposes of clarity) and that

each of the sel¥¥dlcoidinetv e terbmentswingi i ¢ SebisHiccBrifuEi englatBcltB cariBRECHftcted to a
second termingi (neushawnctardpeipe sas:of Idawtie tResRMR Erahasimetudhedirsijanningl @ad the

second terminal can define a capacitive structure with vertically and horizontally offset alternating
conductive TayB1S SRS 00 A1 DS UOLUBAAL S ootk BB To638) M He EBIGENBa by those
skilled in the antatieatl fi?e fndt dendective pladeclle magepotsess aviirstylanityrierpeanagdtyveber positive)

and the Seco”91&%%8&"?18'%‘Er%%%vg}%%ooﬁ’%ﬁ?éﬁ (% ‘?,Cé’o%qepé?ié‘ﬁi’é{o@%@&&%@%ﬁﬂﬂ‘Ejﬁ&t polarity.

The first terminal, the second terminal, the first conductive plate 106, and the second conductive plate
108 can be ma¥iéhgdirstecpndstixg thaacokidrand by residaedugititepes dade By taripicar&plent, such as

a metal, a semjigondiclingunaterialon ecamhbinationiheraefudQ03 thzenerally, thedntrrepnect 110 can
be constructed as a sojid and continuous via, such as a viabar, that,ﬁagssesses a horizontal via length at

least twice as [BHGTES BHHESH I VAT By ISAH RS MSIRSHRE T 0 EsLeddE Abrzontal via
length at leastsc@ahitoing asteriapizaniahbiaavibdtthethef total area of the interconnect 110 can be
increased, the sigtangg of tﬁ',etlgre]t[?lrgs%{}pg&&&ﬁ%&%“d@ﬁlé%%%@&hﬁ%ﬂrﬁﬂ)%re.(qﬁﬁfgv 1 $ARAGIG! Rlate area of
the VPPCAP structure 102 Can beincreased, thereby improving the reliability of the VPPCAP structure
102. Furthermbipee it Wikiskthppressidrandie thieseacskilicfimned withinagashAwpaptahfiglizaidnyer the
interconnect 110 permits application of a selective data preparation program that effectively improves the
top-profile of the interconnect 110 while increasing thestotal area of the interconnect 110, thereby helping
to prevent via open issues during etching. [0038] It will be appreciated by those skilled in the art that the
interconnect 110 can be made from a material that offers a low resistance to the passage of electrical
current, such as a metal, a semiconducting material, or a combination thereof.



[0039] The interconnect 110 can provide a connection, such as a physical and/or electrical connection,
between each of the first conductive trace 112 within the first conductive plate 106 and between each of
the second conductive trace 114 within the second conductive plate 108. As such, the interconnect 110
which connects vertically adjacent ones of the first conductive trace 112 passes through a layer of the
second condudtiveterbeemdpasigguh dint cbn ety endedinmnt dsadersdivererade na4esiiglediie fiterconnect

110 which Con{fﬁgﬁcV&Hiﬁﬁﬁlﬂ{léﬁi%@Rt\ﬂﬁle&eQfeéhﬁysz?;ﬁﬁ%%ﬁgﬂf&ié! entliageot ik RRSSESHhtengh a layer of
the first conductive trace 112 without contacting the first conductive trace 112. [0040] In some
embodiments, TAE firkt CHMfUSIRADDEARIEE ridsFinbhital! D SR AOTIEARB! R P M 644 h
conductive levplatfi&downinied fhentibigrnpiaraeiinaat bao anittthi titstaeomndy ctivd ir daen il matiile the
second condugtiye plate, 108 may nclude a.second conductive leyel 420 and 2 foutth conductive level
122 formed from the interconnect 110 and the second conductive trace 114, Generalfy ) each of the
horizontally coihdsetivis legpelisiare yeatitddly spaced apart from and horizontally offset from the adjacent

hprizontally coppdastive lRvey ’b%Oumﬁk(E&E}ﬂMV&Q%P%E%ME%&GHU@'%@XQ @Y%tﬂﬁl Rt gigrlap when
viewed from above. [0041] For example, the second conductive level 120 can be vertically spaced apart

from and horiZSHER BTEESEMR TAR iy SeBBrittiRA [aveicT, 95 RO WBL BERYRMNES thEtEVRr the first
conductive levaldlitat backasnehebedirnaniistBaaief the finsiiaanskieiive ewvaldd G, pheesesone conductive
level 120, the {pird conductive leved 118, and te fourth conductive quel 122 can be yettially separated
by a distance of abolit ten ?1303 Ranometers to about one thausan f?)rbéf];'nanome &r¥ron the other, and
the first conduttiverietahidd artitthedind somaudtiae detiek hiBranibeshorizonteally oifsetlfyomdthe second
conductive levgl, 120 t@ﬁs@?“ﬁﬁ%ﬁ{%ﬂﬁgcgé{ﬁdlﬁc‘{%l by aflisiance.obabortan 1 Qeoanpineters to
about one thousand (1000) nanometers, for example. [0042] In some embodiments, the first conductive
level 116 can H@@Bﬁ%"&‘hpart from and in electrical contact with the substrate 104 and/or it can be in
electrical contqee3sith mrathes appduicibedayrssAsauchinadibeugihiheprasesbrmhndipert waly depicts
the first conductive level 11?1, the peco d conductive level 120, thde ﬁhird conucH’ve.IeveI 11§ gamd the

IfSt nd t con 0

fourth conductive’IBVEI123, QB UderSt0a That RISTE 6t 188 5F these Sohdiictve }gtﬁers could be
formed above nipeipassnd/osicpdtprdanthbafinst qorditctivatievebli@atine s€bofustonductivéhkevel 120,

the third condugtiye;|gyelidA8uaneing IR CHALGHLE dfY fhel daoBdiinnal. filkdqRedpgerstood that

each of the first conductive level 116, the second conductive level 120, the third conductive level 118,

and the fourth ®aftiene mayial shataticherdapdrateanss @ trerdstAecAbeksHI M GUERBIn TSP drposes of
clarity). [0043]nzince: thaibissticanduativeidevelldbtmanddbe ik conductive level 118 each only possess
conductive eleﬁgﬁs ch ag the first conducti\{ Otracebllz and th%\1 intercoln echllo .ad(j)acent ones of the
first conductive tra Within' D5 HrEe BREuctive 18VE 198 A6 tha tRif %%naﬁ%ttlﬂ/ue f&vef118 are
only separatedurbrisontadlyabytithiepivstessenmdotiidi@alByaniet §0r i hgrthevsecondrgonda dtive dnade 114
within the first candietve Pyehidtend RSl PRIBYBINEIRMRA G RRARTRTER Enaty of the

integrated circuit system 100 can be increased because the width of the interconnect 110 can be

substantially 188&Rar (EiFANH Sfanddbcbrdphtistifeirapénceangsy (WQycan dkdnspiasathefidth of the
interc%lnnec;I 1iQisancheaho b AAE): nemﬂtﬂ@llabatélapmrmmmi@@@adaﬁ&l@nﬁt@ﬁmwmh of the
second conductjve trace 114. [0044] As an exem illustration, a conventignal 32 n ter process
oci it oSN AR ) e B SO B AL U e B ratve
traces, within mel@amel%n_diuuﬂireeﬂa;ﬁeri,t atid ﬂwirdppmﬁ&tapagaﬂmcsﬂahaldhﬁﬁmandmewvimmld requ_ire
at least a 200 p %I%%pétf:%Q%’é’&%h&@d?dﬂﬂ%&%ﬂ?e £ e 5aRe: Relate "&Q&rgev §aghyof the first

conductive trace 112 within the first conductive level 116 ahd/or the third conductive [ 118 of the
present embodiitEAES BaLAH ¢ Yermeiiaygs BpiahropEspaingerenictybl Aarblntieesinedse By way of
example, in sogig erabedineentscshgesPaging e hetwee h eack afiae first Gapduativedikaee, 1 12 within
the first conduE?tive level 116 and/or the third onduc,ﬁive level 118 could be between about 50 nanometers
to about 150 nAoMetdrd ot AP RIS Pt 1S Be' THABrEB AT dhat the MHrIEcidth GPe¥eh of the
first conductiventréctdl 2 mvithrintite fiste contbuctisestavel th 16 packqretbieetbirdcabodusativertdvel 118, as well
as the minimumeggl[pgQe%qgo%&ggn%qﬁl&g}gl’lgﬁa 95%919%5% Hl%ljér(')q{ted by the current processing technology

for forming capacitive structures.



[0046] Per the present embodiments, the spacing 124 between each of the first conductive trace 112 of
the present embodiments can be decreased over that of a conductive layer including both the first
conductive trace 112 and the second conductive trace 114. Accordingly, it will be appreciated by those
skilled in the art that the density of the first conductive trace 112 within each of the first conductive level
116 and/or thd 9032 cdmduetveornge! 11@ earpiseidiynitieznsdiidncroeiseatia thivieen) pedoitehagifigrlner scaling
of the VPPCAR sHuGE LB A0 oA dditinualiyn AibG . thecseaondiarndvcive &yaldeQ giddhe fourth

conductive level 122 each only possess conductive elements such as the second conductive trace 114
and the intercd A&t PEBY Sdj5RdhtdhE ST6P e IsHACERFUIHV B AR £'S $- ORtHT AT SECBIRL conductive
level 120 and/00ghe Aouwiibhcahe ustiverieeel 122 atechntyiseparatedchioyizditialty bydhefinter¢ennect 110.
By not forming the first conductive trace 112 within the second conductive level 120 and the fourth
et ik B S S S e SR s A el
because the widntrefinaelintercorheendudivartrise sustahilallipdessaisamntise Widthofbheofinsctonductive
trace 112. By W&Mé&i@)@j@@ﬁv She widh of e %ﬁ&ﬁ&%ﬂ?&&lﬂﬁiﬁs% ﬁf?@&ﬁlﬁ@l%ﬁ%@fﬁ&om

one-hundred (100) percent of the width of the first conductive trace 112 as described above. [0048] As an
exemplary illuSEAHEHYE GRaTVERIBHANY S HLMOTRtRT Priceeduysiye ifth Harizontally alternating and
adjacent positi®401d negaiy endtbtianameter fivide Gonckitipid aoesmivithiclile same canductve layer, at
a minimum separgtign space gt Sonanameter oyl requite At legeta 200 nanometer piichibgtween
conductive traces of the same polarﬂy, Whereas each of the second conductive tracé 14 within the
second conduetivéugive| 1r2ccantilorwhddolithscomductivduanal P2Reofltlie prosemtlednbadisends could be
formed with the, 3060 1124 PSRRI LA ORARANSISE LIS TS BV Woh: AfExamBlgein SAMEd

embodiments, the spacing 124 between each of the second conductive trace 114 within the second

conductive levEe180°8A SIS Y6 (iRSchittiuEveritve Fa8p ¥ dhifahsE 198t bierP RS A Giiseters to

about 150 nanairtars s RO40]paewereind isrigoaeuy dgsstoashthat dyecenniciuehwidtk wleagh of the

second condugiive tracg, 114, within the, second genductiye leve! 130 andior (e fourth.conductive level
122, as well asthe minimun dimension of the spacing ATare oP{Fy to be 5im|?egpny e current

processing tedhemwlagy éor forming capacitive structures. [0050] Per the present embodiments, the spacing

124 between gk pf e SeHRRA, SROUGHVE HAGE I 10fNSBrEFEBL %@BQQW&?P&%&%Q{EMW‘SM

over that of a conductive layer including both the first conductive trace 112 and the second conductive

trace 114. AccHidirigontalim féselpisrat sty euetiEkilRaglin ke amstiatthBedenRsR) BrtRevsecond
conductive trage 14 witaiethe ReepNthcandusidvenBy@hbat anadiosithe iadritcondivetiveclems, 122 can be
significantly increased, ther Qé/tieermltilqg({ytrltlgi S% %I(érlml u%‘iitv*%ﬁe\éﬁpﬁﬁg Iiv%%lcﬁt%rgrt -Ogéﬁgg%l Moreover,

the (s:f;cond con e leye
the present embodiments also permlt he'use 0 esign rule spac orming Is

conductive trg@dﬂb@tb@@ﬁ@ﬂi& mchlqliw &dtsm@@oﬁ\/idbmmteb Kéakingaegigr tmibglmtottee layer
level for the firgt conguaie) euabhitr e g canduchy gulexel 118 b6 8qcond rondyaivenlgyel 120,

and/or the fourth conductive level 122. The present embodiments achieve the use of sub-design rule

spacing by forAeiyeaEn OFtHd firsp dshizevE st Do thenssadairadisHbatisé aced the vertically

and horizontallygffsesfiass @ashepthery. e dieask of e hiasiz orsplyncaneduc iy eayessarswentically
spaced apart f{}(‘)@??nd horizon?hll offse]teifrom the adjacent horizontally conductive layer, so that

conductive ele SRR S EoRETAvR ayer do not overlap when viewed from above).
[0042] In some embodiments, the first conductive level 116 can be spaced apart from and in

electrical contact with the substrate 104 and/or it can be in electrical contact with another
conductive layer. As such, although the present embodiment only depicts the first conductive
level 116, the second conductive level 120, the third conductive level 118, and the fourth
conductive level 122, it is to be understood that more or less of these conductive layers could
be formed above, below and/or in-between the first conductive level 116, the second
conductive level 120, the third conductive level 118, and the fourth conductive level 122.

Additionally, it is to be understood that each of the first conductive level 116, the second



[0052] Stated another way, the present embodiments achieve sub-design rule spacing by forming each of
the second conductive trace 114 in-between and over each of the first conductive trace 112, wherein the
distance between each of the first conductive trace 112 and the second conductive trace 114, as viewed
from above, varies with current sub-design rule spacing process techniques. As such, the first conductive

trace 112 can gforted vethi2firdecbind wetideclixreleydlol dhdrad the fehird condhetiiodeieald2218without

breaking the dg@@ga@{@dsgf5t(lnigié@yl@rrﬁgbé@ialvym[egh%ggpgﬁg&gpgp@ltjy@ygrace 114 can be formed at the
second conductive level 120 and/or the fourth conductive level 122 without breakin% the design rules for

that layer levelOf5%3Pi66HIBe Hi5hrorHed byeirb Jd SR i third sAndretivreloied bESERRESH]N rule
spacing permitsikhs distancaveatsmendhectirst cenilyctivedtrase riceand the secandcoansudtive trace 114,

when viewed from ahove, 19 be smalierihanwhat ‘Qﬁﬁ%@‘ﬁ%&%é{%@‘e‘ﬁ%gv‘év IS, Y§ipg gonygntional
minimum de3|gn] rule spacing. For example, the distance between the first conductive trace 112 and the
second condudhivé epadectivg levplehl Viewenirorpabedeiacuaiiabe ksshthatefifop(&0)Idandiaters at the

th?(tY'tWO (32) Mﬁ@%@%@&%@%ﬁﬂ?ﬁ%@%&@@ H@%ﬁﬂﬁﬁmp%ﬂﬂ%ﬁ%éﬁ\i@ IQv@?lq@da%EﬁEHQ%mﬁt py
utilizing the sub-design rule spacwgtg of the present embodiments, the capacitance density (capacitance

per unit area) 6PtAeCIRRdruthd Eirdlift SYRAEAMB IR ENINR AL der TREH ST UERVENRIGARINYPPCAP
structures. [00bdidRetebiogstowete, il o tHheieidBrsbo W apastialieiss SBClena ek ofidth
back-endof-line.conductive layers.formed within the integrated circuit system 100 durin acture in
accordance with b & A HAaE BYO A r L S e e A crete ST s
first region 20@2a bedeond fayidf) 2eRcat fipstidiet eotriculzdred 2O aprdcanyloigtiz06iJ30s5hinssamé
embodiments, thefitst Legi 290 may include a portion of the integrated circuit system 100 dedicated to
the formation of the VPPCAP structure 102, of FIG. 1, and the second region 202 may include a portion
of the integraté®0dtbuit sytencaisadl i AR fotntRABF PR ittePEBAMEEE REN YR Soditvegion, for
example. [0056dzenarBllyitthedingt dieleglsiciayoridOd sanrehaseaspraantaialedieiaetdenayeaivavhich
separates the tdevices.\t/vithit? the substr(?tet .104% from %he first conductiv? level 116f %FIG. 1. tB}/ way of
example, the first dielectric §y%ar%ﬂ°rrhél§ ?H%Iuaagra%yamné%ﬁléﬂr?h%lp &iee Hcsé)ﬁﬁs%lategaélrol%re prevents
the migration ofanidbitguiunic tontardifartobetwasrliie sebstratdtOdcand ¢hefBEQnsoprladtve layers
formed above {fie, subsiiater 4 SGUG-RUARAAIMER R dhe firshrlielsriicday R 2Ch aviichide a doped

silicon oxide or akglass type material. In other embodiments, the first dielectric layer 204 may also include

silicon oxide, SHHEGEMBHGEY Ol L ohbivlatisnPisesot ToUETE TR PHith OB Hredidés arPErdctiical pathway

from one condygiiug layerdo em adiasentcondeistiveslayer aflayersid e Riige288vcambarstriategically

placed within the first pi?lgctric Iager 204 to form thq desired el%gca CirﬁllUitP or %)at(rways between
ach of nducti
ay f

appropriate condidive Tayerdsih E5me eﬂrln oAl g?tfﬁee tpr)?fﬁ% Wﬁal)rllé cthica ?y conngé? Yhe first

conductive levél dd6litor the huldstvatetifd |doecldld@roplél 8 droratly atetFidigad0terraytinddudiel 8hy material
that offers a loyy, fesistapce to the passage of electrical current, such as a metal, a semiconducting
material, or a combination thereof. By way of example, in some embodiments, the plug 206 may include

tungsten. [005EORilHRYsppretiatety HRE thBder SR AN the aririmaithey ity Zoerahdh s Biiface 208 of
the first dielectisdaygve2R4cean b phanaiized o aiehemitat maehanical trtanai Zairnprecrss) for

example. [0059] Referring now to FIG. 3, therein is shown the structure of FIG. 2 after forming the first
pc et e L ) St Ot R A R LV el

level 116 can berfornpecteviihmntecsedogyl fdidleotiig laapariBOO ssuchres an interlayer dielectric. In such
cases, the secgeJieleetic IRVl P AROMITGUGR 3P.2xIF6 22 PIIAEN Ah G MRIRAHQR RGNS
trace 112 of the present embodiments can be decreased over that of a conductive layer
including both the first conductive trace 112 and the second conductive trace 114.
Accordingly, it will be appreciated by those skilled in the art that the density of the first
conductive trace 112 within each of the first conductive level 116 and/or the third conductive
level 118 can be significantly increased, thereby permitting further scaling of the VPPCAP

structure 102.



[0060] Within the first region 200, the first conductive level 116 can be offset from the plug 206 (e.g., not
in contact with the plug 206) and within the second region 202, the first conductive level 116 can be
formed over or on the plug 206. In some embodiments, the first conductive level 116 can be made from a

material that offers a low resistance to the passage of electrical current, such as a metal, a
semiconductinddate relditionabansbieatherseaerd sbndustine lersb ddinmehtbe trrafirstandnelingilradevel 116

can be made fiom.GopPBRy (fddedt Wil RrARRRGIBRANROGR Skilsd 1 ihs-art thalan epiigral barrier
layer can be deposited before deposition of the first conductive level 116 toi)romote adhesion and/or

prevent electrdRRETARSA ok iRtetiiRihy 875 Ak s aEYvE CHTdUsEsWIERS bhrrieY Eikhf €srMd

embodiments, dhellaivielelayaemaydinelidediefractatyisieidlscsuch as, bily ReidiniedoiozdaatBlum (Ta),
tungsten (W), titapium (Ti), or a bination thereof, [0061] B of example, the first condyctive level
116y et T e g T R B e S S o Pl
1) depending ypedrgiertidaiy! ddfacedt beridustiveoislyeriyeblay¢lot Bothe[0aBRjtngdldsastp prediated by
those skilled in e adqthat ihe fisheanstchive ieyeltddandtheseand disleaitic Jaxa’ 396 can be

planarized by a chemical mechanical planarization process, for examdﬂe. 0063] Referringérgow to FIG. 4,
therein is showWh tHE Gptiirssikaesths Withh /5y BEaNe E¥dUcvVRYI XA A PSsihe
embodiments,idadditienaleeai@duetive) layebe sibohtas fhecsecontbeandiddimeileyel R Qaambefformed
within a third dielectric layer 400, such as an interJayer dielectric. In such cases the third dielectric layer
400 may incIU(tllhee gﬁéc{)@fgéﬁ%f}{l glb él,c%?tg%grﬁlc i?ﬁa%%gn%t 58%8 (%i] Within the first region 200, the
second qondu&ﬂ;@]ev@i mmmﬂeﬂoﬁ&héﬁ@m andmnmtéut@ld?@ M@nﬁgﬁﬂaﬁ%%sheddﬁe@dnnect 110,
and within the SecoRd fi9RR 2RSSO CRATHEIVEJeYRLERO sanhR iRimed averihsfilst

conductive level 116 and connected by the interconnect 110. By way of example, the second conductive
level 120 and fF&SHEEBIRNBELTTS CARIBE NFaliéchoth B THBHEBHEY tRBABASRATEW reSisteete the

passage of elegticatapiirent, 1sueh asoametaia prEniBondesitagdmatasiahcel & aambinapenrifgreof In

some embodiments, the second conductive level 120 and the jnterconnect. 110 can be mgld from copper
(G towil be ATEHCISTEH B Moot GRS el A S o DAY Ay S U8 Goplited before

deposition of th@éﬁd@ﬂ(ﬂogahdmﬂ\_!e_ilwblvilzoza_md tﬂhmphmﬁem@nﬂvedtmmmtmptd_nbmfermdth egibribend/or
prevent e'“”%g}l‘&ﬁ%“ﬂﬁ F %ﬁ@ﬂ‘Bi*ﬁgﬂd?ﬂ(%%%'§r6}9§§‘.’93§|r19a9%'1‘;é/¥m§19%'&{;ﬁ@é%b&ﬁiﬁ%ﬂl?,

embodiments, the barrier Ia%(rer may include refractory metals, such as, but not limited to, tantalum (Ta),

tungsten (W), tharibaritsi) dr BeevrspiratdrPtheresecrodes Bl sidy drexanhieyitha dBeoa®dnductive

level 120 may ingludeveitieesiof thefugscordwative dsage-dle ietdhe Deeand conslictive Wase 344 (both of
FIG. 1) dependin upon ver icatIIY @;{iiacenttconductive layers, but not both. [0066] It will be appreciated by
those skilled il the At thit 8use(5: AA GBI UL tive level 120 and the third dielectric layer 400 can be
planarized by #@##midaimechanicad planadzationl phocelss mioriexampldth006aLRefetingerawl to FIG. 5,

therein is shovyp, iR GIEUGHAEE Qh Rltnid ALeLIRnmI Do RE O LeoNPHFUNE AR T8N SRS ve

embodiments, an additional conductive layer, such as the third conductive level 118 can be formed within
a fourth dielectfiteldydr sovcls ot hag Bimite dapersiteletthic shackiic i ade S TSE M BFSI Yt layer 500

may include ap@xigerachitigieconeRidnatigmtheigeitive structures.

[0050] Per the present embodiments, the spacing 124 between each of the second
conductive trace 114 of the present embodiments can be decreased over that of a conductive
layer including both the first conductive trace 112 and the second conductive trace 114.
Accordingly, it will be appreciated by those skilled in the art that the density of the second
conductive trace 114 within the second conductive level 120 and/or the fourth conductive
level 122 can be significantly increased, thereby permitting further scaling of the VPPCAP
structure 102.

[0051] Moreover, the present embodiments also permit the use of sub-design rule spacing

when forming the first conductive trace 112 and the second conductive trace 114 without



[0068] Within the first region 200, the third conductive level 118 can be formed over and connected to the
first conductive level 116 by the interconnect 110, and within the second region 202, the third conductive

level 118 can be formed over the second conductive level 120 and connected by the interconnect 110. By
way of example, the third conductive level 118 and the interconnect 110 can be made from a material that

offers a low rebistéeedtsitnagosatidie b eldeteicar cogrdit condhrctisedaythl Satke titberhdetiigematerial, or
a combinationjthereqlk Imsame MbadimaRis.he hird copductivsuleyebid& ahd itherintercoppect 110 can

be made from copper (Cu). It will be appreciated by those skilled in the art that an optional barrier layer
can be deposiBe B HLPSEIRNEthEeHa Rbitudtien sy spagng ey dosmirg csirdche 1655to promote
adhesion and/esraiievesttelectrimigiatio Reonidtesmixingeoirmaterials ibave aachbalow the ddgsier layer. In
some embodiments, the harrier layer may, include refractory metals, such as, but.pot limited to, tantalum
o temeaton T R B R R R B SRR v 116 s
connected to therfirsndoheligsivel lievedifsel 6itoyntHidc nadraesmh detrizootphssinedtisiogg ke secord
conductive levgl R0 WitbRulsNAGHRY éBﬁdﬁ‘é&@é‘Qﬁ%@%@\S@eﬁﬁ%ﬁ%ﬂéﬂm@ﬁ}aﬁlfé'i%\fégion 200. [0070]

By way of exame the third conductive level 118 may include either of the first conductive trace 112 or

a . . .
the second co %vegfﬁ‘?éeaﬂ@e(rbﬁﬁi’ o’FhFI@?iﬁ“&éﬂgﬂﬁﬂﬁqﬁbéfpﬁﬁiéﬁlﬂ?%ﬁéc’éﬁlﬁ SBRRENVe layers,
but not both. [@e-Adihf walihberappresiaiedcbydihose skitted in tiaebart ébataie dheidcondifctheefieyel 118 and
the fourth dielectrrlfi!c

layer 500.can he planarized b hemical mechanical planarization process, for
example. [0075(1' g?§¥e trace lq%,o\'gﬁéglg??ﬁ 5181:31’16%% (t"weent?.laeclhsf)?t e T1rst f(ﬁ%c@Vg%aC lﬂé)anf

rring now erein Is shown ructure o er further processing.
In some embotigrrentsd aeatiditionzdcohductivacaye frencthas therfeuntitcomunstivb-ssedn 2% can be

formed within é’pﬁﬁﬁédg)%%%‘éi‘Ee@%?({u,@QOA§%E‘h?ﬁl@%mt@élﬁm%ﬁQQQIQEériQ-z'@aﬁ%@&%ﬁhﬁ fifth dielectric

layer 600 may include an oxide, a nitride, or a combination thereof. [0073] Within the first region 200, the
fourth conductiP8desiayersyetd b iRnibe Birdcandredrmbitdd 18 tHEQudIRekisN B ARt TevIS120 by the

interconnect 114, @ndiwithiribie sagenthéegenQ3ndbaifeuiticeanduativedavehi@2carr kectamed over
the third conduc’gjlj\ée Ievegl 118 gn%%rm C the inter onrlel(itzllt. B}/B/rva}[%igétxa{lng)le,t e fourth
atro

d
. C tive leyel 1 e%e conductive lev witho, esign rules .
conductive Ieve? an t\ﬁe Interconnect _IQ.TG can be ma e?rom a maf]erla ers §POW resistance to

the passage ofeldetrlenddarednt, such as a metal, a semiconducting material, or a combination thereof. In

some embodimgyats, the Jayrp Qﬂﬂgaﬁﬁk\@ﬂﬂﬁbéezgkﬂ% theduireannest 1AQ canbednagde dipm copper

(Cu). It will be appreciated by those skilled in the art that an optional barrier layer can be deposited before

deposition of tARMELEtREBIE U EIEYRIeL PotyRENtHBSINtETEANEREIVED ¥855rdrhbtandd Hissisit ild/or

prevent electreaigiatian @ictermixing ofisnatetials abeve anddelimmdhenhariasidayar pie somms
embodiments, ti]geggér‘iﬁg Ia}ge.r may include ref.ractofg/ etals, such as, but not Iimf'geghto tantalum (Ta),

tungsten (W), fedisith ﬁ S A& SMBIAL |r(1)ar11 8ESE ﬁﬁ’] Nl&g%‘if,{%e fOUFH CBITaUE ié/lét?él\(}%l 122 is

connectgd to the\smoqm tﬁystdm:tciluetliwedaizal(l By dhe tmﬁgﬂm)nd eondddipassirrg lﬂ#pwgmthewm .
conductive levgl 118 Withoyh§eRREIBRAR S5 AMUGINE TRER Iay 266G hayihineths Jusk region 200.

node for the present embodiments. It is to be understood that by utilizing the sub-design rule
spacing of the present embodiments, the capacitance density (capacitance per unit area) of the
integrated circuit system 100 can be increased over that of conventional VPPCAP structures.
[0054] Referring now to FIG. 2, therein is shown a partial cross sectional view of back-end-
of-line conductive layers formed within the integrated circuit system 100 during manufacture
in accordance with an embodiment of the present invention. The integrated circuit system
100 includes a first region 200, a second region 202, a first dielectric layer 204 and a plug
206.

[0055] In some embodiments, the first region 200 may include a portion of the integrated

circuit system 100 dedicated to the formation of the VPPCAP structure 102, of FIG. 1, and

10



[0075] By way of example, the fourth conductive level 122 may include either of the first conductive trace
112 or the second conductive trace 114 (both of FIG. 1) depending upon vertically adjacent conductive
layers, but not both. [0076] Additionally, it will be appreciated by those skilled in the art that within the first
region 200 additional dielectric layers and additional odd numbered conductive layers (e.g., a fifth
conductive levidkeaogoasdeai seveaipomndlidtvereniiendd4hcateba sk avsdibyistean dedortrsctedheo previous

odd numbered:GAnNAGLINEIAUENS dRnlet H&: it capductivedens! ki aad the third conductive level 118) by
the interconnect 110, while additional even numbered conductive layers (e.q., a sixth conductive level

606) can be forMed oGEmsl e BEteddls PrsVRES Wieriharhperad Bt diRlec iy digse Yhithe second
conductive levelph2eantt e ko tvitbonde cliveravalol22)hyhth érintereanrnect &k 1 (60 67 Fioreover, it will
be appreciated,by those skilled in,the art that within the second region 202 additional dielectric layers and
pondpindug it oot il g asitteed bl R S A
604) and addiﬁ@ﬁﬁb%@@dﬁmb@r@d%@n@u@tmk@lqé@wmt@,mthanmﬁ%tmbmy ¢8sh be formed

over anO! S?qUﬁﬂfiﬁ%\YBE@ln&ﬁf@&@%tﬁ?é@%ﬁﬁ&ﬁ%&%&&%ﬁ!@@lféé@%%&ﬁ@@ﬁ%&iﬂ%@ﬂl{émdUCtiVe
layers within the second regg()n 202 as required by the design of the integrated circuit system 100. [0078]

Furthermore, ititohdistespisrBe e uyan Bt drindinrdinbicnt fridana sopushatveiskr Iag8ictan be
deposited befasatdapasitiomefikedifibcaandyetivesl evgl HQ2inthedsixiticcoodidetivigideralGae, dhe seventh
conductive Ievg(l) GQﬁhellgndtﬁQFe (i)rgterconnect 110 to promote adhesion and/or prevent electromigration or
intermixing of Matenals above snd below the barrier layer. [0079] Although the present embodiment
depicts seven 90T cEhaludtis 2y erovitdasdl| dne chpyricel apeth wyytHoze siitlewidutie/artateat tmore or fewer
of the conductiyg,|ayers fiay: be iRen&addn.Accoriaics Whh he desiensperificatiPRsuah fe ifggrated

circuit system 100. [0080] Moreover, it will be appreciated by those skilled’in the art that each of the
conductive lay@FSAdItHAYEReREAHR: oy e AepiehI Slsaiiical Bir His 1Re iy Are S HHTERI BRIABK Stion
process, for examplaieetoredepositian of gnptherofitbenielectinizyacanchtieccansiuativeilayer. [0081]
Referring now to FIG. 7, therein is shown a flow chart of an jntegrated circuit sys 700 for the
integrated G I T0 R R o e e Lt L SETe R e mtegrated
circuit system #igOniatiuadesapiddindcay sebstrate tndiadingionf-dadrohlinareircyitel in aréodkar702;

forming a first %@%&W&iﬁ%v%i%luﬂiﬂg 3, gL aandstividiage oS e substialsin a flogk,04; forming

a second conductive level spaced apart from the first conductive level and including a second conductive
trace in a blocRTOBHRAM T AMHRIEEAG TS RYRdREN evel to a third conductive level with a viabar that
passes througfoss)saeand soagpietive:lereiiMGibakiicantagiing thasaepnek comdietiyeof agadeea block
708. [0082] It been discovered that t resent invention thus has numerous aspects. One such
aspect s tat G0 BlaBbA BTG g LSt e A HE L HERR) B AR A AR lre. [0083]
Another aspeatris-thatithexaregient invention permits the use of sub-design rule space between conductive
traces without yiegking AR AESION W@ Neiausr fevehpoRAeLADaAmARaRasREchol the
present invention is that it va uabiliy su?ports and services the historical trend of reducing costs, simplifying
systems, and eteasgperierhahee n

first conductive level 116 can be formed within a second dielectric layer 300, such as an

some embodiments, an additional conductive layer, such as the

interlayer dielectric. In such cases, the second dielectric layer 300 may include an oxide, a
nitride, or a combination thereof.

[0060] Within the first region 200, the first conductive level 116 can be offset from the plug
206 (e.g., not in contact with the plug 206) and within the second region 202, the first
conductive level 116 can be formed over or on the plug 206. In some embodiments, the first
conductive level 116 can be made from a material that offers a low resistance to the passage
of electrical current, such as a metal, a semiconducting material, or a combination thereof. In
other embodiments, the first conductive level 116 can be made from copper (Cu). It will be

appreciated by those skilled in the art that an optional barrier layer can be deposited before

11



[0085] These and other valuable aspects of the present invention consequently further the state of the
technology to at least the next level. [0086] 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 improving the capacitance density of a VPPCAP structure. The
resulting procelspesitéend ednthgurbitibnsanbugirgightferwhiel, tospeffettivedigstomphidaedrhighly versatile

and effective, @ﬁ@tﬁﬁnﬁ@l@!ﬁﬁ‘%?tﬁ@e%&ﬂgpé@&&@f?wp IeENAlRgiR®ANRarg K S ARadi, Sited for
efficiently and economically manufacturing integrated circuit package devices. [0087] While the invention

has been desGAREShjcRYRFIAYS sPatife s RIBE N RYE bestritaistibdehdintehy alternatives,
modifications, andivaridionanyiilebe wppaseniiaThoseaskitedninithetartaf. light of the aforegoing

description. A 'ng‘%/ it is intended,to embprace all such alt ives, modifications, and variations,
i el with DR s 6t e T o e e P e O Ao s B i the
accompanyingranduites teaee tbl Beointearpretad wprdvilliystiztivel dthdbotndinkilinglsalependinhapes claimed is:

1. A method of manufpgiieg aminfearaiad Sircitsystam comprising: providing a substrate including
front-end-of-line circuitry; forming a first conductive level includingﬂg first conductive trace over the

substrate; Sforffiidla YetBhBecymaritive RvEcspakBlshpnrbs 8imthak hrstisbratire sevetahtPincluding a

second condugtiyehtyae&indntelectric layer 300 can be planarized by a chemical mechanical planarization
process, for example.
[0063] Referring now to FIG. 4, therein is shown the structure of FIG. 3 after forming the
second conductive level 120. In some embodiments, an additional conductive layer, such as
the second conductive level 120 can be formed within a third dielectric layer 400, such as an
interlayer dielectric. In such cases the third dielectric layer 400 may include an oxide, a
nitride, or a combination thereof.
[0064] Within the first region 200, the second conductive level 120 can be formed over and
connected to the plug 206 by the interconnect 110, and within the second region 202, the
second conductive level 120 can be formed over the first conductive level 116 and connected
by the interconnect 110. By way of example, the second conductive level 120 and the
interconnect 110 can be made from a material that offers a low resistance to the passage of
electrical current, such as a metal, a semiconducting material, or a combination thereof. In
some embodiments, the second conductive level 120 and the interconnect 110 can be made
from copper (Cu). It will be appreciated by those skilled in the art that an optional barrier
layer can be deposited before deposition of the second conductive level 120 and the
interconnect 110 to promote adhesion and/or prevent electromigration or intermixing of
materials above and below the barrier layer. In some embodiments, the barrier layer may
include refractory metals, such as, but not limited to, tantalum (Ta), tungsten (W), titanium
(Ti), or a combination thereof.
[0065] By way of example, the second conductive level 120 may include either of the first
conductive trace 112 or the second conductive trace 114 (both of FIG. 1) depending upon

vertically adjacent conductive layers, but not both.
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connecting the first conductive level to a third conductive level with a viabar that passes through the
second conductive level without contacting the second conductive trace. 102. The method as claimed in
claim 1 wherein: forming the second conductive level spaced apart from the first conductive level includes

offsetting the second conductive trace within the second conductive level vertically and horizontally from
the first condut@fféraltevillitrinnheedintgtdcomthostivkiledah tB3uTthat thetiseohd setdipied levehir)1 wherein:

forming the firgh,gqpdugtiyaiteesidnd dheeeansecardiiciveryaca inalidesfarming thedisicanductive
trace of a first polarity and forming the second conductive trace of a second polarity. 4. The method as

claimed in claifi°fSh&Ef2BBEonnecting the first conductive level to the third conductive level includes
forming a first pweducReeplatenSy Thelteihaodas clained ihekaint tdirfusthieiGcamptisifoghing dinecting the
second condu%ilv(?clel\llc?d toa fourt lgorfdlsjctiverlneb\g%r\ﬁvit a via%glxr.tha} passes th[ough thﬁ th'ﬁ% conductive

. 1Ve_leve ome S, an additiona ve la such as
level without contacting fhe Tirst 25conductive trace within the third conductive Tever.

third conductive level 118 can be formed within a fourth dielectric layer 500, such as an
interlayer dielectric. In such cases, the fourth dielectric layer 500 may include an oxide, a
nitride, or a combination thereof.

[0068] Within the first region 200, the third conductive level 118 can be formed over and
connected to the first conductive level 116 by the interconnect 110, and within the second
region 202, the third conductive level 118 can be formed over the second conductive level
120 and connected by the interconnect 110. By way of example, the third conductive level
118 and the interconnect 110 can be made from a material that offers a low resistance to the
passage of electrical current, such as a metal, a semiconducting material, or a combination
thereof. In some embodiments, the third conductive level 118 and the interconnect 110 can
be made from copper (Cu). It will be appreciated by those skilled in the art that an optional
barrier layer can be deposited before deposition of the third conductive level 118 and the
interconnect 110 to promote adhesion and/or prevent electromigration or intermixing of
materials above and below the barrier layer. In some embodiments, the barrier layer may
include refractory metals, such as, but not limited to, tantalum (Ta), tungsten (W), titanium
(Ti), or a combination thereof.

[0069] Notably, the third conductive level 118 is connected to the first conductive level 116
by the interconnect 110 passing through the second conductive level 120 without contacting
the second conductive trace 114 within the first region 200.

[0070] By way of example, the third conductive level 118 may include either of the first
conductive trace 112 or the second conductive trace 114 (both of FIG. 1) depending upon
vertically adjacent conductive layers, but not both.

[0071] It will be appreciated by those skilled in the art that the third conductive level 118
and the fourth dielectric layer 500 can be planarized by a chemical mechanical planarization
process, for example.

[0072] Referring now to FIG. 6, therein is shown the structure of FIG. 5 after further
processing. In some embodiments, an additional conductive layer, such as the fourth

conductive level 122, can be formed within a fifth dielectric layer 600, such as an interlayer
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6. A method for manufacturing an integrated circuit system comprising: providing a substrate including a
first region and a second region formed over the substrate; forming a first conductive level including a
first conductive trace over the substrate; 30forming a second conductive level spaced apart from the first
conductive level and including a second conductive trace; forming a third conductive level including the
first conductivditiaeeiovén thehfiegsasotiuitivelielpeirienidycotiBaray tocthdefstoativd activedievislavith an
interconnect tQ S ayfirsthepnrguctive plate within the first region; and forming a fourth conductive level

including the second conductive trace over the 5second conductive level and connected to the second
conductive lev é’Klthm the first region 200, the fourth conductive level 122 can be formed over and

connected to the second conductive level 120 by the interconnect 110, and within the second
region 202, the fourth conductive level 122 can be formed over the third conductive level 118
and connected by the interconnect 110. By way of example, the fourth conductive level 122
and the interconnect 110 can be made from a material that offers a low resistance to the
passage of electrical current, such as a metal, a semiconducting material, or a combination
thereof. In some embodiments, the fourth conductive level 122 and the interconnect 110 can
be made from copper (Cu). It will be appreciated by those skilled in the art that an optional
barrier layer can be deposited before deposition of the fourth conductive level 122 and the
interconnect 110 to promote adhesion and/or prevent electromigration or intermixing of
materials above and below the barrier layer. In some embodiments, the barrier layer may
include refractory metals, such as, but not limited to, tantalum (Ta), tungsten (W), titanium
(Ti), or a combination thereof.

[0074] Notably, the fourth conductive level 122 is connected to the second conductive level
120 by the interconnect 110 passing through the third conductive level 118 without
contacting the first conductive trace 112, of FIG. 1, within the first region 200.

[0075] By way of example, the fourth conductive level 122 may include either of the first
conductive trace 112 or the second conductive trace 114 (both of FIG. 1) depending upon
vertically adjacent conductive layers, but not both.

[0076] Additionally, it will be appreciated by those skilled in the art that within the first
region 200 additional dielectric layers and additional odd numbered conductive layers (e.g., a
fifth conductive level 602 and a seventh conductive level 604) can be formed over and
connected to previous odd numbered conductive layers (e.g., the first conductive level 116
and the third conductive level 118) by the interconnect 110, while additional even numbered
conductive layers (e.g., a sixth conductive level 606) can be formed over and connected to
previous even numbered conductive layers (e.g., the second conductive level 120 and the
fourth conductive level 122) by the interconnect 110.

[0077] Moreover, it will be appreciated by those skilled in the art that within the second
region 202 additional dielectric layers and odd numbered conductive layers (e.g., the fifth
conductive level 602 and the seventh conductive level 604) and additional even numbered

conductive layers (e.g., the sixth conductive level 606) can be formed over and sequentially
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interconnect thereby forming a second conductive plate within the first region. 7. The method as claimed
in claim 6 wherein: forming the first conductive plate and the second conductive plate includes forming the
first conductive plate adjacent the second conductive plate. 108. The method as claimed in claim 6
wherein: forming the first conductive plate and the second conductive plate includes forming the first
conductive platenapeiathdsdboritteoprisctivid pltteptsivappoinn puladdesimaberyd eystestivaslayaimed in

claim 6 whereig; dlafalming e brst Q@ﬁlQyﬁéé;\(ﬁm%tm@%&%%@%%gﬁ%&hf&i@l@@éﬁdUdes forming a
VPPCAP structure. 10. The system as claimed in claim 6 wherein: forming the second conductive trace

spaced apart HM8heftirdieBiogudtive trieanparrinstiy dsorslpldadidtibdghridy. optional

barrier layer can be deposited before deposition of the fifth conductive level 602, the sixth
conductive level 606, the seventh conductive level 604, and the interconnect 110 to promote
adhesion and/or prevent electromigration or intermixing of materials above and below the
barrier layer.

[0079] Although the present embodiment depicts seven of the conductive layers it will be
appreciated by those skilled in the art that more or fewer of the conductive layers may be
formed in accordance with the design specifications of the integrated circuit system 100.
[0080] Moreover, it will be appreciated by those skilled in the art that each of the
conductive layer and the dielectric layer can be planarized by a chemical mechanical
planarization process, for example, before deposition of another of the dielectric layer and the
conductive layer.

[0081] Referring now to FIG. 7, therein is shown a flow chart of an integrated circuit
system 700 for the integrated circuit system 100 in accordance with an embodiment of the
present invention. The integrated circuit system 700 includes providing a substrate including
front-end-of-line circuitry in a block 702; forming a first conductive level including a first
conductive trace over the substrate in a block 704; forming a second conductive level spaced
apart from the first conductive level and including a second conductive trace in a block 706;
and connecting the first conductive level to a third conductive level with a viabar that passes
through the second conductive level without contacting the second conductive trace in a
block 708.

[0082] It has been discovered that the present invention thus has numerous aspects. One
such aspect is that the present invention can increase the capacitance density of a VPPCAP
structure.

[0083] Another aspect is that the present invention permits the use of sub-design rule space
between conductive traces without breaking the design rule at the layer level.

[0084] Yet another important aspect of the present invention is that it valuably supports and
services the historical trend of reducing costs, simplifying systems, and increasing
performance.

[0085] These and other valuable aspects of the present invention consequently further the

state of the technology to at least the next level.
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2011. An integrated circuit system comprising: a substrate including front-end-of-line circuitry; a first
conductive level including a first conductive trace over the substrate; a second conductive level spaced
apart from the first conductive level and including a second conductive trace; and 25the first conductive
level connected to a third conductive level with a viabar that passes through the second conductive level
without contadi§@heBeeond kasnbemtivisaaiceed 2har Hbesyntearatad cliaredyparmiod thewhesaih:  the

second condugiivg HRCe WS iBoraaeRth SRAGHEHY GlRNEN IS MariicAl A SRRz Ak eifset from the

first conductive trace within the first conductive level. )
and functional aspects for improving the capacitance density of a VPPCAP structure. 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.

[0087] 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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13. The system as claimed in claim 11 wherein: the first conductive trace includes a first polarity and the
second conductive trace includes a second polarity. 14. The system as claimed in claim 11 wherein: 5the
first conductive level, the third conductive level and the viabar form a first conductive plate. 15. The
system as claimed in claim 14 further comprising: the second conductive level connected to a fourth
conductive lev®ihwitt elaiagrhisthat passes through the third conductive level without contacting the first 10

conductive trace within thenhifshepnsicivederehivhereinthersac e apndastivadevel, the fourth

conductive level and the viabar ;Z)rm a second conductive plate. 16. The system as claimed in claim 15
wherein: the first cordQ¥BZA IR L Ag ALE At H QU B ESRAGERVE Blate. 1517. The system as claimed

in claim 15 wherein: forming a first conductive level including a first conductive trace over the substrate;
5 forming a second conductive level spaced apart from the first conductive level and
including a second conductive trace; and
connecting the first conductive level to a third conductive level with a viabar that
passes through the second conductive level without contacting the second

conductive trace.

10 2. The method as claimed in claim 1 wherein:
forming the second conductive level spaced apart from the first conductive level
includes offsetting the second conductive trace within the second conductive
level vertically and horizontally from the first conductive trace within the first

conductive level.

15 3. The method as claimed in claim 1 wherein:
forming the first conductive trace and the second conductive trace includes forming
the first conductive trace of a first polarity and forming the second conductive

trace of a second polarity.

4. The method as claimed in claim 1 wherein:
20 connecting the first conductive level to the third conductive level includes forming a

first conductive plate.

5. The method as claimed in claim 1 further comprising:
connecting the second conductive level to a fourth conductive level with a viabar that
passes through the third conductive level without contacting the first

25 conductive trace within the third conductive level.

6. A method for manufacturing an integrated circuit system comprising:
providing a substrate including a first region and a second region formed over the
substrate;
forming a first conductive level including a first conductive trace over the substrate;
30 forming a second conductive level spaced apart from the first conductive level and

including a second conductive trace;
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the first conductive plate is a first polarity and the second conductive plate is a second polarity. 18. The
system as claimed in claim 15 wherein: the first conductive plate and the second conductive plate form a
VPPCAP structure. 2019. The system as claimed in claim 11 wherein: the second conductive trace
spaced apart from the first conductive trace includes sub-design rule spacing. 20. The system as claimed
in claim 11 wherein: fhensubstithtedisenddes virdara ndcbidimg birciiskycguctive trace over the first

conductive level and connected to the first conductive level with an
interconnect to form a first conductive plate within the first region; and
forming a fourth conductive level including the second conductive trace over the
5 second conductive level and connected to the second conductive level with an

interconnect thereby forming a second conductive plate within the first region.

7. The method as claimed in claim 6 wherein:
forming the first conductive plate and the second conductive plate includes forming

the first conductive plate adjacent the second conductive plate.

10 8. The method as claimed in claim 6 wherein:
forming the first conductive plate and the second conductive plate includes forming
the first conductive plate and the second conductive plate of opposite

polarities.

9. The system as claimed in claim 6 wherein:
15 forming the first conductive plate and the second conductive plate includes forming a

VPPCAP structure.

10. The system as claimed in claim 6 wherein:
forming the second conductive trace spaced apart from the first conductive trace

permits the use of sub-design rule spacing.

20 11. An integrated circuit system comprising:
a substrate including front-end-of-line circuitry;
a first conductive level including a first conductive trace over the substrate;
a second conductive level spaced apart from the first conductive level and including a
second conductive trace; and
25 the first conductive level connected to a third conductive level with a viabar that
passes through the second conductive level without contacting the second

conductive trace.

12. The system as claimed in claim 11 wherein:
the second conductive trace within the second conductive level is vertically and
30 horizontally offset from the first conductive trace within the first conductive

level.
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13. The system as claimed in claim 11 wherein:
the first conductive trace includes a first polarity and the second conductive trace

includes a second polarity.

14. The system as claimed in claim 11 wherein:
the first conductive level, the third conductive level and the viabar form a first

conductive plate.

15. The system as claimed in claim 14 further comprising:

the second conductive level connected to a fourth conductive level with a viabar that
passes through the third conductive level without contacting the first
conductive trace within the third conductive level, wherein the second
conductive level, the fourth conductive level and the viabar form a second

conductive plate.

16. The system as claimed in claim 15 wherein:

the first conductive plate is adjacent the second conductive plate.

17. The system as claimed in claim 15 wherein:
the first conductive plate is a first polarity and the second conductive plate is a second

polarity.

18. The system as claimed in claim 15 wherein:

the first conductive plate and the second conductive plate form a VPPCAP structure.

19. The system as claimed in claim 11 wherein:
the second conductive trace spaced apart from the first conductive trace includes sub-

design rule spacing.

20. The system as claimed in claim 11 wherein:

the substrate includes front-end-of-line circuitry.
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