INTEGRATED CIRCUIT SYSTEM WITH HIERARCHICAL CAPACITOR AND
METHOD OF MANUFACTURE THEREOF TECHNICAL FIELD [0001] The
present invention relates generally to an integrated circuit system, and more
particularly to an integrated circuit system including a hierarchical capacitor.
BACKGROUND ART [0002] Integrated circuits find application in many of
tONTE 6 RABED O RIETIDISTS THM VEET HEH M TOARE G20 0CNIRATT TR AND
music players, printers, computers, location based devices, etc. Integrated
circuits may includdEIG3ODi ORtINANECNCT URECEFHIRESIVe devices and
their interconnections. [0003] On-chip capacitors are critical components of
integrated circuits. These capacitors are used for a variety of purposes
including bypass and capaciti tehi log and radio frequency
integrated circuit applications.)%gi:%em yﬂgﬁ?: -gﬁd-of-line (BEOL) vertical
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emerged as an attractive option for advanced CMOS and BiCM
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metal-insulator-metal (MIM) capacitors require extra process steps and
masks. However, as technology continues to advance, VNCAP structures
with increasing unit capacitaﬁémﬁ?@/iﬁﬁﬁuality factor are desired.
0004] Accordingly, designers have begun to exploit the intra-metal
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wmt@]m@t@lcﬂipqa@%@sbmaéﬁqeip%ﬁﬁﬂé, & neeskstill temaios faca eliabliers

integrated circuit system, method of tabrication, and device design, wherein
S tdgFatedTiareit ByataindRpitias Rravetnd/APISI e maifhipe to analog and
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compeﬁﬁve pressures, along wit growing consumer expectations and the
adiminisiopigpogpoadiaiticed TOMQE zamich RUMOSr S tstcliffdogiatidiomnia tlpaventional
pRkeIRlasss LiscrligRl thakanawersne i ihtheRe - REARIEINS: process steps

Additionally, the need to reduce costs, improve efficiencies and performance,
angh et cHifMBRitve brisSRIRBERARSERHEV AR GrhaRsPurghdFto s RE caith
ileeessityniocdpadingce and improving quality factor are desired.

[0004] Accordingly, designers have begun to exploit the intra-metal capacitance of VNCAP
structures by utilizing the smallest length width and space design rules to increase the unit
capacitance of the VNCAP structure. Unfortunately, with the integration of low and ultra-
low dielectric constant materials within BEOL processes (e.g., to reduce RC delay), the gain
in intra-metal capacitance is reduced significantly, even when minimum design rule metal
lines are fabricated.

[0005] Thus, a need still remains for a reliable integrated circuit system, method of
fabrication, and device design, wherein the integrated circuit system exhibits improved
VNCAP reliability performance, increased unit capacitance, decreased resistance, and/or
increased quality factor. In view of the ever-increasing commercial competitive pressures,

along with growing consumer expectations and the diminishing opportunities for meaningful
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answers to these problems. [0006] Solutions to these problems have been
long sought but prior developments have not taught or suggested any
solutions and, thus, solutions to these problems have long eluded those
skilled in the art. DISCLOSURE OF THE INVENTION [0007] The present
rindeitidhfgrrovidien diméthoudeplagufacitirerdtan thiegraeds dhediturd/ danthese
piBGIEINgA RIRMRING, InsURSH Bl dNELding TApkaRE ek ine: CraMip4-95MING ind
first grouP of metal layers including a first finger and a second finger over the
MSGhEAARS itiTANE A i St ATy FOISTEHEr fFSERTY i 1BF (et a5ess heiing finding
afiowme dowlithe ptafénger via; forming a second group of metal layers including
irst finger, a second finger, and a.finger via over .the first group of metal
T B D e S B R e v
taaghit intevegassiedtiny trduficstsgrodipivfsmetalitayars thith thebdanehdvgréng efuded
Hhetakiaversdo ferm a capacitor. [0008] The present invention provides an
integrated circuit system, including: a substrate including front-end-of-line
circuitry; a first group of metal layers including a first finger and a second

finger over the substrafggteJysRe ePeirmetakiyasaconfigured pursuant

to a first design rule and without a finger via; a second group of metal layers
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metal layers, the second group of ,mﬁt | Ia%/gers configr‘red ursuanttoa .
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Hollpwing Wesatleddpserintianwhendal@uwith rateienceiitiehan the first design
accompanying drawings. 2 BRIEF DESCRIPTION OF THE DRAWINGS

"ot BECIe Y patis toh SRR YA thidgrasdtibe st pserimeiuany Kyers

tdifstngeotapacietallization layer in a back-end-of-line stage of manufacture in
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[ c Bresent fmven 101 Prov1 €S an_in Ciu1
partlal top view of an integrated circuit system includirng a secon up

inleti e hayef inachaeisifof ieptagaest prfusiudnnadisbfancend a
s¥Biuath LmRedimeni-okihe MREeSRNLIBYSBHAR tal layers configured pursuant to a first
design rule and without a finger via; a second group of metal layers including a first finger, a
second finger, and a finger via over the first group of metal layers, the second group of metal
layers configured pursuant to a second design rule that is larger than the first design rule; and
the first group of metal layers interconnected with the second group of metal layers to form a
capacitor.

[0009] Certain embodiments of the invention have other steps or elements in addition to or
in place of those mentioned above. The steps or element 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.



[0012] FIG. 3 is a partial top view of an integrated circuit system including a

third group metallization layer in a back-end-of-line stage of manufacture in

accordance with an embodiment of the present invention. [0013] FIG. 4 is a

partial three-dimensional schematic enlarged view of the region within the

dashed box 4 of FIBREHOUIATRIRT ISNQF pifiadPiie¥lifadensional

schematic enlarged view of the region within the dashed box 5 of FIG. 2.
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Cros rI§ect|<£)r]nal erégem 1Ilgalvr schematlc view of fingers and finger vial within an
egra?ed circu sys em fh'58ordance with an embodiment to the present
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with another embodiment to the present invention. [0018] FIG. 9 is a flow
cRariBEY hERBEFSTRIArUIure of an integrated circuit system in an
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emmvetitiont ¢t ibdprogenriderstood that other embodiments would be evident
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changes may be made without departing from the scope of the present
thedaredProb 20T 1R the following description, numerous specific details are
[(@YeN Erevide patharepahdineassiandingRidbednyentioRwHAWRY elgibiilithin
be a parent hat Q,é\;cr;vention may 3 be practiced without these specific
thyetas lfg) IR°Sra8 id obscuring the present invention, some well-known
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tl@ggs&gggxcgr%m@‘%showmg embodiments of the system are

semi-diagrammatic and not to scale and, particularly, some of the
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. description generally show similar orientations, this depiction in the FIGs. is
Y5 &y for the most part. Generally, the invention can be operated in any
[ri&htdEion.8 is a partial cross-sectional exemplary schematic view of fingers and finger

em

vias within an integrated circuit system in accordance with another embodiment to the
present invention.
[0018] FIG. 9 is a flow chart of a method of manufacture of an integrated circuit system in

an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019] The following embodiments are described in sufficient detail to enable those skilled
in the art to make and use the invention. It is to be understood that other embodiments would
be evident based on the present disclosure, and that system, process, or mechanical changes
may be made without departing from the scope of the present invention.

[0020] In the following description, numerous specific details are given to provide a

thorough understanding of the invention. However, it will be apparent that the invention may



[0022] 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 similar reference nomenclatures. [0023] For expository
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sémiheapryspiianalplans (s winaeRlibs SUbstiite e rIiless Rbitdisclosed in
orientation. The term "vertical" refers to a direction perpendicular to the
d¢faiizontal as just defined. Terms, such as "above", "below", "bottom", "top",
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removal of the material or photoresist as required in forming a described
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common, for clarit nd easc o alé]'l]l I‘?.thl’l, eSCI‘l\P 101, ,and com re%ensm ereol, similar
construed as p?’e?erre or advantageous over other asp%cs or designs.
afig0k} Thetueasmentirst” atstisond/illandiithirty” s usediheteindresfor punstsesce
o differertiation between elements only and are not to be construed as
limiting the scope of the present invention. [0027] The term "pitch" is used
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lus (the, spacing between adjacent members of the finger). [0028] The ter
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interconnection directly contacting vertically adjacent configurations of a first
sharapibg Seeesnd Shals s e BT dhere setirRretR A OSO cPR&! e S
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[0025] 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.
[0026] The terms “first”, “second”, and ‘“third” 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.
[0027] 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
finger) plus (the spacing between adjacent members of the finger).

[0028] The term “via density” is used herein to mean the area occupied by vias (e.g., strap

vias and/or finger vias) divided by the total area of the vias and the space between the vias.



merely representing centers of the vial that are generally square in shape.
[0032] The term "minimum dimension" is used herein to mean the smallest
reproducible feature size permitted by the current processing technology
node. [0033] For purposes of this disclosure, the term front-end-of-line
(92201 Ths tesad Kereinitd mesad hroeiass gnsps Mbrlogafal satarcemreggpn directly
cGantaak sichcangluging theofatyication of agiives@pPassivedeHiGRas these terms
structures, [0034] For purposes of this disclosure, the term back-end-of-line
B NEilsed herein to mean process steps from contact metal through
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a 4x DR minimum dimension. [0036] It should be understood that the design
apdRasspyefitioh s did omenclature used herein are given by way of

[o®3amptergilipand nakionadkiiee indhaarbavrelidirereily (BROeStanGddNatein to
other design rules, definitions, and nomﬁnclattége ma %e used to iIIustra}e

"R PERIGUER, 1) Sl et ARUE oS de<ribed 0047 G neraty:
tetfte ¥alidwingye mbodimbnt®relaienothB Eoimatitrlghanirtegrated foimuitapacitor

st?é(@&ﬁ@b%?'&’gﬁ%&ﬁt@%ﬂﬂ%‘?ﬁ@?&@ﬁ@& hierarchical capacitor structure

formed from a mixture of metal layers, wherein some metal layers are

[0 R e d OVitPrsRD SR g Wil dinel s8FRel i her dird st titp Sifg eANAh Lo TRB @ nimum
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structuges: 1) wit no}@ger vi(fxl at.Mix and M2x, 2) with finggfr vial an
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cOANGARI¢) {B) (B) tDiesidpiforfilegen biakehivr thakirger aidxatdufigaifingech as
4¥.ia!A@£M&)ﬁlgly, it will be appreciated by those skilled in the art that if a 1x DR minimum
dimension is approximately equal to 50 nanometers, then a 2x DR minimum dimension can
be approximately equal to 100 nanometers, and a greater than 2x DR minimum dimension
can be approximately greater than 100 nanometers, e.g., about 200 nanometers for a 4x DR
minimum dimension.

[0036] It should be understood that the design rules, definitions, and nomenclature used
herein are given by way of example only and that one skilled in the art would readily
understand that other design rules, definitions, and nomenclature may be used to illustrate the
techniques, systems, devices, and methods described.

[0037] Generally, the following embodiments relate to the formation of an integrated circuit
system including a back-end-of-line (BEOL) hierarchical capacitor structure formed from a

mixture of metal layers, wherein some metal layers are formed without finger vias and some



No finger vial at M2x Finger vial at M2x Finger vial at M2x Four M | x layers
1.8 fF/um 1.35 fF/um 1.8 fF/um (e.g., MI-M4) Two M2x layers 0.3 fF/um 0.33
fF/um 0.38 fF/um (e.g., M5-M6) Total Unit 2.1 fF/um 1.68 fF/um 2.18 fF/um
Capacitance [0038] Table | clearly depicts how the total unit capacitance of a
ag EQnashpbitorestryiaturd abkn! rsoivrdsrova ihpantitizilag domibaes didferaetalx layer
chaveawiIe whydaland mairlisyss Wil vial (RQHnG/6305) YNCHEPEaIoR #8 x

above). Furthermore, the present inventors have also discovered that by
angiM g ad N Kpadingrr with 24 Mixiard BreretisaiMewithout vial and
metal layers with vial, the capacitor reliability and RF performance can be
improved without sacrificing the capacitabled density. [0039] As an
exemplary illustration, the present embodiments can manufacture the BEOL
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layers and their vial, the total area of the vial between vertically adFJ%cent o
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can be in regsed there I\@Rf?o ing the reliabilit}/ of.the VNCAP structure.
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sacrificing the capacitance density.

[0039] As an exemplary illustration, the present embodiments can manufacture the BEOL
hierarchical capacitor structure by forming a first group of metallization layers (e.g., the
metallization layers formed pursuant to a 1x design rule adjacent the substrate) without finger
vias, thereby permitting an increase in density and capacitance at the 1x level. The 1x level
experiences an increase in density and capacitance because the 1x fingers can be formed with
a 1x minimum design rule dimension that does not require relaxation to circumvent via
shorting.

[0040] The metallization layers formed above the 1x level (e.g., at the 2x level and/or at the
greater than (>) 2x level) can be formed with finger vias. More specifically, the groups of
metal layers formed above the 1x level may include an optimized finger via density between
fingers of vertically adjacent metal layers within groups of metal layers, wherein each of the

vertically stacked group of metal layers utilize an increasing metal line design rule.
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VNCAP problems associated with: the use of various design rule metal lines,
device reliability due to extruded and/or misaligned vial causing electrical
shorts, and lower unit capacitance due to integration of low and ultra-low k
dielectric constant (Lo-k) material in BEOL capacitors, by increasing the via
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the total via resistance. It will be appreciated by those skilled in the art that
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disclosure may include any number of active device structures and/or passive
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micro-electromechanical components, optical s€énsor components, and so
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metallization fayer 114 in a back-end-of-line stage of manufacture in

inHoTeiste At wHhomssanmeat tmiHBepreDe of o PRRSAt TDGABP Generally,
[chsintagiRied CiFcwtisysteippiQtaynincindma diigsarchical YNEABS the present

disclosure may include any number of active device structures and/or passive device
structures. Exemplary illustrations of devices within 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, resistor
components, inductor components, capacitor components, micro-electromechanical
components, optical sensor components, and so forth, in numerous configurations and

arrangements as may be needed.



structure formed above a substrate 102. By way of example, the substrate

102 can range from an individual chip diced from a wafer to a three hundred

(300) mm semiconductor wafer upon which any number of active and/or

passive device structures, such as front-end- of-line circuitry 103, and their
[0pddicormtetionss ctusd beefordeeiopd 4] @e aeradie, Shehw/ NE APt eistiesystem

c&70 Be fﬁ’éPﬁ?&l Ry B Qimmstal layarsnsuah @scMeialdaypimil iM WHRTBXI or

may equal a positive integer greater than one (1). It will be appreciated by
mpGEle SRTRAH BHS PRk SR ASEHREES ALY BS it eT BRI To include one
[a43n oRefegtitigalbwstacked Ignaeifesnat progiessinvely largeewetalnlayepsated circuit
whereipn the metal layers within each group are stantially parallel.with
S e S A B R e o
v festegrougs cordiidic atibrafegrebadimdnchl din gprasdivsinstreifpn.04, a second

[GRHiaP @&e@aﬁ&?ttﬁé‘gﬁ{e ?bd@c?f%ﬁﬁ”@yﬂ&ﬂefOblﬁl@nﬂd’l‘u%@?aot}{@a}é&JPWP
above the substrate 102. It will be agpremated by those skilled in the art that

Sté“&?é?e%%ﬁ%%é‘?@ﬁ%la(ﬁb?%‘ﬁ%ﬁmlp?or Pty LA BPRIFnIEE Bakn {ffecan range
fisitaps, ifitigarsal andpvinteoffioe samerand diffeentimetal I@persmihecfifisonductor
w%@r“&’ metallization laver 114 may also be, referied 10 as a metal layer (0942

ene?aﬂy, one ormore 6 eCftlrs group Metafiization Tayer Ha°SGER as, a
ofitgte mestalliv dfidriayéeifvicracseconthneetddlivatiomédyer (M2), a third

[oneip!lizatimiayend MR c A Quiifme alizrtirsaver(MEb AN 3480, such as

metallization layer (M5), can be vertically stacked one over the other to form
Mg Bl GRS S YHeAK ISFS HBIeSRIIRiE HE iRfasrsteretiBtaAlr bl will be

afhBrébia@IELY DY et ink dhe meiallizatinndayers Baar-dene Bpiaygddecahtaidesone or
VNCAP structure with a strategically desjgned capacitance value.
AL A G B Do SRRy ChOLE LA (e SISl e o ver
ngm pani&gmp_ani@ pulzya@ntially mﬁré&t]wiadfagb nthh@minb@tsats_tm@ 1&g., the
[dusmeidlization éﬂkb%rdMl&ﬁac{%ﬂ}d&émﬁ'?ﬁH' AuFRASFHARN R L8 FERuding a

circuit structures (e.g., active and passive devices) formed on “and/or within

fiflesgapdfthia scoonBy e Kifag Tt firzen Bosopranst iwgst bHE: adBodRAet, 112
fdhgetirsbsteamd Qdvansdhsecendistrempfiecieranbof 1eRPQRlePQIAkY art that a

compared to other, can be formed offset, parallel and opposing the other.

ORGSR o So LT e S B A g PRE Gty

ofitid thenesecbdifif sraipnidd mpypobbe $ssa Seopmatpdianiiyndager fddithve) abp be

re\fgqgéalgﬁgalglég%egmbod_ime_nts, the first strap 104 and t_he second strap
106 can be wider than the first finger 108 and the second finger 110 to

(M mirsaeE a QParfE URF COhABuARDRTOr RIS B igTe laga ) Masuctpas, a first
nid@weNesn ifaydl e1anpiesiateddyithasm sijiedn themrithatdne.sbans or (M3),

astjozuerth metallization layer (M4), and/or a fifth metallization layer (M5), can be vertically
stacked one over the other to form a group of metal layers. However, it is to be understood
that any number (e.g., one or more) of the metallization layers can be employed to obtain a
VNCAP structure with a strategically designed capacitance value. Furthermore, it will be
appreciated by those skilled in the art that the first group metallization layer 114 directly
adjacent the substrate 102 (e.g., the first metallization layer M1) can be in electrical
connection with the FEOL circuit structures (e.g., active and passive devices) formed on

and/or within the substrate 102 by the strap via 112.



of the first strap 104 and the second strap 106 need only be limited by the
design specifications of the VNCAP structure. Moreover, it will be

appreciated by those skilled in the art that one or more of the strap via 112
can be used to electrically interconnect the first strap 104 of two adjacent
(085 s e 3. laontond Raghodlideriathsniargr stieird O thid sheapeodad $RadAtheach of
ogﬂé%@i%i%%%@r@&%@%‘tﬂt@ SEPPRGSHRR LR INQIRIIZGERPIRURLS the

51] As an exemplary illustration, the present embodiment depicts each of

fifSr BT 5204 B BTt S BRI BRa BT S RiliLHh § B thfc? c4 Bk thiand the

saisap viad 1ddminjeposeseat eachd sicapiof eagh payeivty, aredpestiva. stiapsehe
an adjacent layer. Howeyver, it js.to be underst that the number of the ..

o e e R R 1 S neer

1pFenddibrysesenplagin bitldasceranediiodiprituie ceunfityertonthe dnsityvid the

stiapAViRaY LeRUR O5IGSE BNghRa YA b YHBING& HRYIGRIACHIOR R ACTELRSY size
the need to improve unit capacitance, the need to improve quality factor, the

ohalé {Yottt V1d r88iicet ARAION e Moaith BRSLAS B AbckicAesen
speteticanig cifandeNeEen sttapsf Mitierest, |ayens bdpmeaiskdibip fitoheskilled in
understood that the number of the strap via 112 used to.connect the first, .
O P R A L0 T Rl B0 ek N BermbLr oy U
ssapai¥iaf 192 adiackriolasnnea. thd Isarb M stk 0O onmadjottatsiayersa 112

cz[lﬁl%\'@f%]séﬁ L dRasiaNg HmRemINe i LEAURRE" BBYALAeRFI ATLDEStrap via

ormed over the first strap 104 and/or the second strap 106 can be

(0054 Foxiivnatety apiam e afieaxihuprE R ERPSHBEH JRPisH R P4 heikirty Srap
1permitiedsacsarding lomininupreesign @lesakthefirgt gnoup metadizatiosch
tIa erfllﬁh. 1'I'he [t)resent intventtors have iscovt red that %incr{ea%i an /ort q
S haxiniizing the RUMBEF ahd/or Gensity of e strap via 12 that thé ‘quality” °°
thfetotor mmber YNGARrgamibé ithprpledd[0053] Prrofat timpdrometireifirst dstrappd by
kG0 SReaRd SRRAQG AL MBI ANIE hAPOA IR S5O DGl be

110, respectively, wherein alternating fingers are connected to the first strap
mpe Anls tharse BB dVatvaly iibshatisrass, d5tiamBreiest-dityitated Krijppgpae unit
cAvacridtagiie e distipase 1 81andathe seearddfingendstl areseRasaladdsidhe

a%grnatelg 9 conneﬁte(ﬂ to eitpe.r of the first strgg 104 and the geg.c%pd str%)
906, th&reBY ity aftsHAting "ReMBEriAThgers With S atd sddaigt @yers
Mootaritiest it wildendppiaciabedtiy thvober skitledsiraphea atlthatdthecnombiehofirst
st fhatfingsrdag.andbe seeond fgerdh0 Reneash el Bl ShOIRHP 112 used

metallization layer 114 °can vary with device design parameters (e.g., the
tepraptshececndecnn bOgy Heviadiagsati®edsto improve unit capacitance,

[ow3diorithg needdie: iIBAeMeEMality nf@GheF. and/or density of the strap via 112 formed

over the first strap 104 and/or the second strap 106 can be approximately equal to the

O

maximum number or density of the strap via 112 permitted according to minimum design
rules for the first group metallization layer 114. The present inventors have discovered that
by increasing and/or maximizing the number and/or density of the strap via 112 that the
quality factor of the VNCAP can be improved.

[0053] Projecting from the first strap 104 and the second strap 106 are the first finger 108
and the second finger 110, respectively, wherein alternating fingers are connected to the first
strap 104 and the second strap 106, thereby forming an inter-digitated structure.

Accordingly, the first finger 108 and the second finger 110 are separated and alternately



[0054] Generally, the design of the first group metallization layer 114 may be
dependent on a design rule minimum dimension (or ground rule dimension).
More particularly, each of the first finger 108, the second finger 110, and the
strap via 112 can be designed pursuant to a Ix minimum width, a Ix minimum
ceprcing tagithord erfilisirsiian tcmd dxigacané swiani¢Acctherdy duramainkaniaying
QBRI UGS R IBERIQEESTIRRIA e T BiYI W@Xpﬁf&ﬁéﬂ@?ﬂﬁ»éé 48849 the

rule minimum dimension can be defined as the smallest reproducible feature
adithat By R B i Bt aRt Yt aadihg TRmHJIBgS AbYBSHaMeIP it ileP
nappheaiaiethipy thoseskilas witthaeartdhikiyh garametsie Nt RIOGRSSIREENt process

technolo de does not satisfy the design ruleminimum dimension, the .
A ey T A S MR ST B i
fagigher (e.g., relaxed design rule, such as 1.5x) than the design rule minimum

[siEaension.inthedaveyLaesian @Js%%iﬁg%aﬁﬁgaﬁwﬁq&gwm% Be At BRtent on

expense of reduction in capacitance per unit area. [0055] In at least one
a dRisSdinfemintReSng i (o2 S SUs STk 1Mosm BAFHE A F A S% ] of the
fidst 2ioaun DS faen@dougingearone,timeséxgesign initad bRJsahemhsurRanthisa 1x
disclosuredtﬁl leDR mgy also be refegfed tc1 as a first de i%n rule. GFnerﬁtl(I:F,
e SPating AndIor PEH Betheenthd haere BRdGidl sl prerevalsty 2
by dekaptintdie treDRsignmidenof dimemnsion bforgthesdir 8 yrowpofrratalipatiohx design
rd Y B k0 IR IR RS 0 QPRI ARA P LR RYS  CARBEIBNCR (REMNER L E Ritted

fingers, while reducing the total via resistance. [0056] It will be appreciated b}/
bYfs s Wk ARF EREng it hRCIPRYIRIIR rRIRYALRR ’(ﬂiﬁ‘félﬂﬁd‘ﬁpﬁ’gcé%?f[}) ithgtelskilled

iretHdadionnld naBeMelerstther@stxeRR MHBAUNdIENIeRsHIN &aRfPahe design rule
mzilﬁ%ro&(lirg}%[eelllgiequ ItoeJR?O na om%ters abnd a.4x DR minimlérébdimen ion

O R A R R T T B R SR s R O O

siizRranbigheix R melixadsddignefalresit as al Seechanddsighesige arld athingim
dRRSHEBT lﬂ?’tﬁgsﬂt%ﬁ'tVﬂlééig%s JF ﬁq\éoﬁ‘ﬁ%&{@ﬁ‘ éﬁ@u@%&é}ﬁrqu%{r‘eb@‘%y{ﬁ&?e of

design rule is different from the second design rule and the third design rule.
redHOFRIR CAPRCISHISE RS dB4igFFfule is larger than the first design rule and the

[6b53] designetvleis Brgedithan ihe ARCoNdHavgNHLlecdAEHEECRSE Sarllhendigtap
T R SR NI T TSN a2 RS SA0G o

rmied at for urr processi ogy no owever, It is
1 xolje waylefsidedrtfatedh olx DR inminiesigm dimebsienallydthe spddingpaangl/and/or

pf?&‘{\laeftq;egﬁ% (Hn ?sfgr?& Uﬁ&%&ﬂﬁ‘e?@lﬁ? #Q %J{rﬁg ﬁ{elI]JpDﬁr}quﬁ?uﬁH %Rn\éi@sion

112, are only to be limited by the manufacturing equipment and processes of
fendefirre sfagt AsEIBEiInb HY Teld WoRMT Brde disdgpHmpideaad e betpgitance
béaw e nNng RN tehid gHalad St estiByia resistance.

[0056] It will be appreciated by those skilled in the art that if a 1x DR minimum dimension
is approximately equal to 50 nanometers, then a 2x DR minimum dimension can be
approximately equal to 100 nanometers, and a 4x DR minimum dimension can be
approximately equal to 200 nanometers, etc. Per this disclosure, a 2x DR and a 4x DR may
also be referred to as a second design rule and a third design rule, respectively. As is evident
from the disclosure herein, the first design rule is different from the second design rule and
the third design rule. Generally, the second design rule is larger than the first design rule and

the third design rule is larger than the second design rule. In such cases, the first design rule
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such as the first group metallization layer 114. [0058] The present inventors
have discovered that the interconnecting of fingers and vial utilizing a Ix DR
minimum dimension becomes increasingly complex for sub 90 nm
manufacturing processes. Commonly, the vial and fingers formed at the Ix
cRepipigtyrhedinveingion dnxusi 9o iatnaatasurngbex e cet drtrdinguoent
pmé'gggj_g_gfg@fg{ogg qayse electrical shorts, which can detrimen_tally affect the
reliability of the VNCAP structure, For example, since the vertically stacked.
(2o Pé(‘f%‘éF’ﬁﬁb’érg’%éﬁéﬁ%ﬂé%&@r‘d&ﬁ%%ﬁﬁ&%ﬂ%ﬂlﬂt%’répacmg’
aioaljeictofencitiotifanhe iyt MigdligoR) et ek thd tiigeconaesiinge/idrapneiar theare
J@%@Jﬁ%@%% Iayento the next, can lead to Unwanied capACANce oyl
variance and electrical Shorts. '[E)%)g%']] e prese%t Inventors have so vecﬁl this®”
npdolitegn Bnnorfoeming2my Meddsetwewtovadfacéomizyere dfttheligisttéhgencture,

sudB.and the srReNHfNgslbiQ.9t the4first group metallization layer 114. For
example, between the first metallization layer (Ml) and the second

[OPREhII L% Bre RS IR B RdEe Yo B o Bt ETE s nast s e diesta cRd drias
ufingags aof theRrshingemnl Odnanddhe sesend fiogesiddl. Acegedingly sibeo0 nm
nRani e‘?c%r'&"e&%%re%s*é%‘."ecc?rhs"&‘{fr a way o glininate e clegtreal Jhoms: mum
capaatanége variances, an(IZPI’e I%ibl Ity ISsues CPL%e tgo eﬁlrudlng and(/0r
dmigsligmed vidl. J00680hMofedvengtisansreventdnyveditg ohaveadilgondiscthne reise
050y fprmingyerticallye adiagant layars:ef be.firshinose 38&a0s G wre. For

second finger 110 without vial there between, the first group metallization
exaipnler 191nCanthie e oRSEdpiSIHBIAE S BNBRSnAhifTGH oitkentfsh sEgpp
nideiifesmingayial lhetwepn-vastically indinae it yays s @f et rshingercbd@antd via

g Pihe ] 2l Tinger 110, fhe. X DR minimum, dimension ‘%Sﬁ‘é‘afo ihe firest group.
Metallizatish SIayer 217 eddnot & TefdXed o pre\ytvar?t? SRR Y S,

cleapmeltsinets.variances, and reliability issues due to extruding and/or

(08571 9R VAl H{\?gﬁtﬁ}loﬁﬁlvé)é‘oﬁ%ﬁ‘ Ak Brof ¥y St %&’ﬁﬁn‘gigﬁ‘}%ﬂgﬂetween

between vertically a tj'acen't ayers of the first finger 108 and the secon
adjaerart 11eeeTth &ty dntngait ¢8parithribe sfaprd fifdtesFoliP niétaz Ao eroup
nléy@rzalibdl 14 énay alspheraaipasechesaureine Mdalimidimugediviensian the
need not He rela>i)ed fof\’[gﬂ}e first group metc?lllzatlon Iallyer 114.4]9061

This.
SOV TSR EEAl Y BB BGOSR RAVE AVTAYS a¥tétr%6<tega§]t%gers
ofnbrcBise finganni0gapdcitaneewithimgehd 19.|edet hyiretiugingfescspacentors have

dRENVGED £3CR levaliviR IiNCIEAsE A IHMBRLAtYE: J5RXE0PIHEdMbitity
the experimental data of Table Il depicted below:

issues due to extruding and/or misaligned vias.

[0060] Moreover, the present inventors have also discovered that by forming vertically
adjacent layers of the first finger 108 and the second finger 110 without vias there between,
the first group metallization layer 114 can be reliably formed pursuant to a 1x DR minimum
dimension. By not forming vias between vertically adjacent layers of the first finger 108 and
the second finger 110, the 1x DR minimum dimension used for the first group metallization
layer 114 need not be relaxed to prevent the electrical shorts, capacitance variances, and
reliability issues due to extruding and/or misaligned vias. Furthermore, by forming a

VNCAP structure without vias between vertically adjacent layers of the first finger 108 and

the second finger 110, the density and unit capacitance of the first group metallization layer
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Table Il Ix level Via Spacing (hnm) 100 300 600 Unit Capacitance (fF/lumz2)
4.62 4.03 3.75 [0062] Additionally, the present inventors have also
discovered that any detrimental effects (e.g., a reduction in quality factor)
incurred by not forming the vial between adjacent layers of the first finger
b gandlihdsarersdinerardseOleahxdaRo fidamamadialioraca désd mebdmizlaged for

HO& BURRe R G Ridn ek fhe sirap via 112 formed within the first strap 104
and the second strap 106. By maximizing the number or density of the strap

(9811 1 Thisedischairdt SeUBIe1bErdhe M audhrelogiss b i Guairyeragtet ©
imekdine Wb GAR giiviciute eanibehtrprrvedbhretnviaping: tjadebstarae ahthe level
VNCAP structure. By way.of.example, the. number or density . of st [a
RHER R R R R G ek SR
demsediprdotie first strap 104 and the second strap 106 to accommodate more
of the strap via 112. [0063] It will be appreciated by those skilled in the art
that the first strap 104, the second strapdie@ the first finger 108, the second
finger 110, and the strap via 112 can be formed from a conductive material

that offers dAddevekSistapeeno(time passage of electri@l current08uch as &00

metatora ?ﬁlﬁ%‘bé’ﬂh‘éﬂ&ﬁi&%ﬁfﬁiﬁﬁifﬂ' Moreover, ﬁleéf'ldﬁttﬂidi L,Lﬂ'l(ygUbit on gf75

one finger may vary from that of another finger, the same! for straps and

strap vial, as well. Additionally, the material composition of fingers, straps
[0994)stradsiignbe AR HETLIENERAS Fauwalse ditnerer bbb rptdetrimeaphpiects
(ddeposiad@soundthehfecanghica¢iN AR SIouaiugethmaysibetudenanlyatype lafers
terial that capn.sustain an electric fi and.act as an insulator tp, isolate . .
o B 2 S R iSRS icine
theatenkermagennciudietze sk dield etfermrstevitiinetey fasdidleptH4rardehialsecond

stﬂ@l@@i%§%§%ﬁg@ﬂ§mevﬁ%ﬁ)el?%&é W3R dppther emkadim Qﬁktsﬁim%trap

dielectric material may include multiple different dielectric materials with
1A AR e ¢ T BN B 0tk BEp A tANCE SIS EHHRE TDRIEKS OY
1csteuictelfRe 162i[006E oFowereCAPIsttachecurBlersipod dhahie albanenbxasadlesity
ofIE:NPLIIING And the ehoige.afcondutive majsials And SIRISCUIc., anaor by

materials are only to e limite y the device d(esngn and the manu acturing
eprogiagshfO66} BOX A4der dhe atsomhstinpal enkargesdbin¢d@e memdtdscritsediia
1fyrther below. [0067] Referring now to FIG. 2, therein is shown a partial top

view of the integrated circuit system 100 including a second grou

é%@? the first

[fgthnizatibhtageprodsitd xpltrseidef-fésiy rap 104, the second

strap 106, the first finger 108, the second finger 110, and the strap via 112 can be formed
from a conductive material that offers a low resistance to the passage of electrical current,
such as a metal or a semiconducting material. Moreover, the material composition of one
finger may vary from that of another finger, the same for straps and strap vias, as well.
Additionally, the material composition of fingers, straps and strap vias need not be identical.

[0064] Further, the dielectric material deposited around the hierarchical VNCAP structure
may include any type of material that can sustain an electric field and act as an insulator to
isolate conductors from one another. In at least one embodiment, the dielectric material may
include a low-k dielectric material, e.g., a dielectric material with a dielectric constant value
below about 3.9. In other embodiments, the dielectric material may include multiple different
dielectric materials with varying dielectric constants to optimize the capacitance value of the

VNCAP structure.
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manufacture in accordance with an embodiment of the present invention.

FIG. 2 depicts a similar configuration as to that shown in FIG. 1, and

consequently, only the differences between the figures will be described to

avoid redundancy. [0068] The present embodiment depicts the second group
[00&thiIiHatiscmyeis2tbobn cledeinitpod firat Sieaip 2G0c RNt SRl POANg firdtthe

hneebROhmAGROR fngenPhiand @ sikaRiyie.20%fPrned RRAVE thadirstvice
group of metal layers 400, of FIG. 4. It will be appreciated by those skilled in

deRiemPtHAE DARUIBEHERRIRGSST (not shown) can be formed between the

[0068ps Biingedsmandwiainofitae sarpel apdIdifferent caetiddayerserieosecond

(4P metallization et 210 may s be refemred o as 2 mefallaver, In ang,
embodiment, the  metal lings belonging to thé second group metallization

syaiger PADiackidhaniceabrd thickpesgalbizatiemiatel Ahedrbelenelingdtofthackistige of

nIRUR Metallizatirn ey Sridlén ehbiFinknl0R68E GROGAHIRREOT TG e QLRSS a

second group metallization layer 210 such as, a fifth metallization Iayerf_} 5),
SIPURLHT GRARHTRZQN Y 18 MBS il Ir G sbv A ARt AR A o My B (NAfF§rences
beanrdeverigaallyvsiaskadsteibedd awiaugdohdeial layers. However, it is to be
rstood that any number pf the second group metallization.laye 0 .
S B O R e o e R S o e
a 007 8 FuPHEererend wibbd appfesidtegbythosecskilfetingeti@rantiat thep via
26€$9R5-9" R Metalliz %E‘&H) lay Gleed QJirgcthn agiagentithe firsh groyp Rt metdby

layers 400 can be in electrical contact with the top metal layer of the first
thorsuikidethitdhfagerihaion Bilarascomteridi@ps SEMPa G801 R APHPRY, Bsevsaiyshe
stvips2Ofngan, camnegidher uppermestaf thersicap wiatdll yaf FIGhd, dectha group

lowermost of the strap vig 208 (i.e., the strap via 208 bridges between the

PATR T IR KB PLTACOFEIE. ATl dEbott Gogproament. (e
nmeléiﬁzaﬁdnﬂaiygr@ 10 .sdepad lgasp ontadmisoui ria_&m,2t1ﬁba9¢rabtwiia6208 thickness
of HRIERPNAGIRIMR e 9{%%?5‘&%8& e HARM Byt FRR L EIMed as

art of a dual damascene structure that forms the strap via 208 and the first

[A62p SorneittiyorisersiRgsevth DOSSSABCIRE YR &ositf Etrapr0 S 80 £FR Lbrmdifth
nRialesdime Mgethefstsiian 200.a0dbe BeepPNISIrapde2 candenmisesthation

the first finger 204 and the second finger 206 to accommodate a particular
8o i 55 GRS BTAHS Sy VACIBE RISV el ey 1 to be

ua;{tqns@cci@tbat byythossskafableinctivadgrehpimthdlshape lqyeq‘i Aédnsiohs ahme}/ed to
ofitzih SARE0P ARk he Srrandatae.pRaared Aply be limited by the design

specifications of the UNCAP structure. As is evident from the disclosure

[ERinFerkeBrororé wilthe apripoiiebs barcpkitisdindertthahiip second group
metercenaechibe first siapy 2000 twmadiacenblay s (R@l, IMerantdarane in
elterzzztirtlcoarll %O%Ear(gov{/ﬁhoghteh%ps gl%%lvfgygro c%f (t:l?enﬁkgset group of metal layers 400 by way of the
straps. By way of example, the strap via 208 can connect the uppermost of the strap via 112,
of FIG. 1, to the lowermost of the strap via 208 (i.e., the strap via 208 bridges between the
first group metallization layer 114, of FIG. 1, and the second group metallization layer 210).
In at least one embodiment, the strap via 208 interconnected with the uppermost of the strap
via 112 can be formed as part of a dual damascene structure that forms the strap via 208 and
the first strap 200 and/or the strap via 208 and the second strap 202.

[0071] In some embodiments, the first strap 200 and the second strap 202 can be wider than

the first finger 204 and the second finger 206 to accommodate a particular configuration or
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used to electrically interconnect the second strap 202 of two adjacent layers.

[0072] As an exemplary illustration, the present embodiment depicts each of

the first strap 200 and the second strap 202 utilizing fourteen (14) of the

strap via 208 to interconnect each strap of each layer to a respective strap of
demsidjddbaisieapeyi-ioReTErwitier 1ot balLibeiepstooidtethhy thesaginthes iof thipeart that
th%“ﬁ@p\é' 2R &MBIRYSEIRYHRE RERSERS %Q&@b@&%ﬁ&ﬁst%ap%bfﬂtt&ﬂ&yy €imited

preceding example. In at least one embodiment, the number of the stré{éwa
by dheniss B SRRofE SRS elalhe MYG Oy Wi THe Advits My dromr S ehisplosure
héhﬁnneﬁddﬁnmroﬁ/emtmm;capmmm)eth&maedléaﬂmrpnﬁemmhactamqﬁsth&ap
ed to reduce via res sta a eed to ensure a d eI
R S L S R R S R 8o be
uspddedeste aHainrecaumpidhosatrnd tiagy ViR 20 8wesediags idayasst the frrst

[6iap 200.0f e peigcantausrs MeSskngt ke 1si SRMSESH0R RUBPRE 9 S rap

strap via 208 used to connect the second strap 202 of two ad{acent layers.
2?8@7@]”(}? Stk ERA MBSt FRUTsE U e rhntiae YBrdlR, D frirEcehagsviach

Q@Botwmemhy@v&r ihesfiestistrapap 00 andipeéhel speombeap, 202 eaveh@derstood
roxrm%teleeﬁua to the xrm ecrp% r ?ersden5| qaf the stra ?mzlpg b
ermrttercri1 accor x m|n| rhensﬁ)) con gura ion. h y
tl}greeemhrrg/emrédt abneadls@xb\rere@nhahmynh ¢heasimyerapioior vaxivin Z20%) e be

nidNhElANGHAr deps '\?)OMEBQ AR MR 208 R R LR CAUTIGUAUBN P B Einit

quality factor of the UNCAP structure can be improved. [0074] Although, the
CHREASHE S B SR AN BRI SR B (2 U BTG M E S KB DeRcearadine the

n&arapddinger aogocbtiwdlebelahprﬁ@tatﬂdelaudhosa\s&tledtt@pﬁﬁe)ﬁramtﬂateﬁﬁelayers.
resent .embo |me tma e an rof the fi 204 and

OI‘COVC t 1S tO Il Cr’ StO %: nu e stra l?,%%fl Sgg rO COl’lEi(‘d 06fr‘_i1‘St

second finger 206 Hpér &4ch e'Second group ation Iayer
stex@Pplef the atd.]anberlufeth e¢ﬁ¢nﬁh@feme2Marad tttwelgexbondf filgeirap0GacAy used

A HIQVIGS AEsigN PASAMSIEIS (& Otaylig current process technology

node) the need to improve unit capacrtance and/or the need to improve

[Tty ot YoRPs e ispay, e rabat oz clantie Skl ingky Seformed

oaé}dﬂteefﬁtrahrwﬁﬂI@BMwoprﬁéega&chp@@@eﬁm painipBUAppAILina@IMRIGAUND the

acing, and a mrn mum pi lﬁ which can he determined b the desi n rules
'number, 0 en51t the stra via %O ermitt AGCOI tO a mimimum

tﬁle process berng Used(e: g.,a docbh glgn rute). Cl‘—:or example ina
dieasslomdmrmxﬂlgumtomhe Tinst fraggat 20vkntles Secendifioger@0batamyd thaeasing

2SHBP A AN D FRENSRINF I 8 AR: SRRFIS 3R rtoxeaeﬂ?ﬁt%oﬁ}fguratlon

width, spacing, and/or §|tch between'the fingers and vial of a 2x DR
r

tt@éﬁﬁ‘g‘ﬂ’rﬁ%rﬁawm phsrdDiG DR saistue s PeyRPHnum dimension to
[0vRK Migentherlensityeaid dttadayer: crRpaeitance e tivemthe the first finger 204

and the second finger 206, it will be appreciated by those skilled in the art that the present
embodiment may include any number of the first finger 204 and the second finger 206 per
each of the second group metallization layer 210. For example, the number of the first finger
204 and the second finger 206 can vary with device design parameters (e.g., the current
process technology node), the need to improve unit capacitance, and/or the need to improve
quality factor.

[0075] Generally, the first finger 204, the second finger 206, and the strap via 208 will
preferably possess a minimum width, a minimum spacing, and a minimum pitch, which can

be determined by the design rules of the process being used (e.g., a second design rule). For
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fingers, as well as to reduce the total via resistance, for the second group
metallization layer 210. [0076] However, it is to be understood that the 2x DR
minimum dimension width, spacing, and/or pitch for each of the first finger
204, the second finger 206, and the strap via 208, are only to be limited by
exAapitanufihtautiegecapiipfieaniaiy procererss ot the searehfinechABfogyd Hisddrap

Vi€ dhs 420 @6%%%?1%%9@?‘9@&%@%{%) f@%ﬁ@fﬂlgﬂQIQM{H&['%QE%?%WM
structure, such as the second group metallization layer 210. Furthermore, it

PiChPB eSS taa At Esib R gBR A SR oY Migerbbisbaliepti 2 2
D&Rrafinviau208imayise paratelinirecaltedtively bed fatmed svithmoitigite alespagethe
f.dimension at excgeds Bhet %xl DR mi.nlmumfdi ension cge.l% a I00ﬁened QR
mgers, as we S.fo,reduce the tofal via resistance T (NE€ SeCOon lﬁp metallization ayer
c%nﬁguraﬂon ngde3|gn requwemen{s requiré ?e.g., 0 |mpr%ve the qua?ty
2fQctor or the reliability of the UNCAP structure). [0077] As will be evident to

[obase shilleddn the rbeaulRRseoss RL TelaxehREsIaR I EANERi thal RAIS R ing,
the first finger 204, the second finger 206, and the strap via 208 to be formed

ader Rilglothr spdpataiireAns did Bcisarddivgen EmhmstrRaifsial; are
ofigrite aimieasiygief theyrearss: lajiiide:-fonttepsysisn, sharebyrenabingology
ore progducts to pass, electrical test d device reliability requirements.
Ll e e et et AL S SO
sPRatilee mobiémsuassoeiditad withyvia2 Extrisitheroronigaligiorhe ntdhest@ccies the
it Wabr R lRuelcan be st ZzediACRAFANs e NESLREINVERIAER tively be

discovered that one or more of a finger via 212 can be formed between
forart ih Adae it shR BPeRs b fngsreAhgme tHR SuREHYN figersite(c-g- a
1ovinde R echaigaLitieNCcESIQf Miaaxirusiansasguat neigalig Mprote (O ¢Rhlity factor
(3t erlreerlaau}{hteactlt}h%f\q?\?%%r}g%er via 212 of the present embodiments can be

“formedin Teldtion to t 18F'8lieh that their configuration helps to increase

[A¥TiTIcapacitdice; vidduide ttmerdsiilétameland,indwa@@m mjatﬁy fh_e:itglr oli¢hace
thgé\b%éﬁé%é%ﬂéﬁ? filfb A 182SHRNR &MRRHIrenk, SAGhHR! slq?ﬁpf'ﬂgl%s"?o%]ezf&%{kd

oe formed with a width and spacing that is approximately equal to a 2x DR
wilintnitifiRh sRie N Betbs Freseded By tREs&SmBe! frRRsion tRe 90

ed3MaminimAY M Ains NRIdRRONdIgwatigRiéar, the #Bgesmiidird 21G20 PRAXKENIZE pass

thef\ .delntsity and c aciiiarlljcletof the secotnd group metallization layer 210.
“Rroredver. it s t%e beSURdErstdGHASTRE Width, spacing, and/or pitch for each

[Qmﬁje g widy 1for2{iRg dlne srviyntb dreulprmitaallxatioe tagaTulaGtwithge 2x DR, the
pRIHRINERLAN PEAGESERS AIdNE SUERN: JGEARAIROY ARG (8181, 4BRMevel can be

process, 32nm process or below) for forming a vertically interconnected
mﬁlti@?i%ﬁéitd}éﬂogilm%%r@e present inventors discovered that one or more of a finger via

212 can be formed between vertically adjacent layers of the first finger 204 and the second
finger 206 with reduced occurrences of via extrusion and/or misalignment.

[0079] Generally, each of the finger via 212 of the present embodiments can be formed in
relation to the other such that their configuration helps to increase unit capacitance, reduce
the resistance and increase the quality factor of the VNCAP structure. In at least one
embodiment, each of the finger via 212 can be formed with a width and spacing that is
approximately equal to a 2x DR minimum dimension. It will be appreciated by those skilled
in the art that a 2x DR minimum dimension configuration for the finger via 212 can
maximize the density and capacitance of the second group metallization layer 210.

Moreover, it is to be understood that the width, spacing, and/or pitch for each of the finger via
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[0080] Additionally, it is to be understood that the finger via 212 may

separately or collectively be formed with a width or space dimension that

exceeds the 2x DR minimum dimension (e.g., a loosened DR configuration

employing sparingly spaced via) if design requirements require (e.g., to
2ighpresverthyete braliyitast dryoththanpalifisitynef e PN T ARd girersises) o the current
tSRAGIBEY RRACRALCONSGH QR RS Be fiNgRIVIA 31580 Pe e @ Rertically
_prevent electrical shorts between adjacent ones of the finger via 212. [0081]
N§rEgmectsh Bt RIS Hthe finger via 212 formed over the first finger
[@34] anddhserond fingen20maanthel Stiegoere distiehvia 1o o adjacesly or

es of the finger via. 212 ovyerlap when viewed Cross, section .

R e e e AT RS DT TR SR i
digvera threglenglvoefiad djaceitamdion tharfinges vieadndfomwpaed! gierithdesign
reﬁ%‘ﬁ%ﬁ{éﬂiﬁ‘g 1%@6@'[.@? f@ﬁﬁ‘rﬂﬁ@b@%@i'&iéﬁ’i%y@a‘éﬁ%%?%@ﬁ@ﬂ@ﬁ[ﬂ?ﬂf afdhencap

finger via 212 can be greatly reduced, while capacitance can bé increased.
SIGICHEE) aMotRRIERY S AAHECHH RIS O FRE Yot thetfilt fitgdr bR Brevent
cispacatsapar bivreragheiienbyd wedingeauantty X, then the finger via 212

ed over the second finger. 206 are.also s d.apart from each other b

e S B e o TR L S S oo
afigghéi rsg@m_lﬂdmggr apo u@@lﬂi)ﬁ@&r@dzmq Wagrititg X {@ABRGE mnmfrmtb:ef,ihgwi lvia
2 a o1, 1 the

be ARArSCiAGHRMRPse skilgd o dhe a5t hahine Rresenh SAReCIRSNtS Sy

also utilize design rule technologies that include via enclosure rules to
figgh&ingetrAt Bof tA@aALHPHEtAnsH o AdinsrrPReetbiheringeeViRé \adBsipred
odeCRTEAT A Tighr 2@ HheWosdshshase vie enclassirenitiBgnanskd thatiegahvia
etal layer overlaps a via with a certain amount of extra_metal to ensure tk
2By St EB BN BEt e B ety IR g 1 e
fifedoricated? (0088 Bos Shddmaloaes2n arespartidrped byrkI@cibahe by a vector
GEEREUBedHUthRrReIQW: [ON84L REfeiRg Ao B! ﬁng%i'rtm &R 15:3NOWR Rapart

partial top view of the integrated circuit system 100 including a third Proup

fiRfaEaRb e RY/&E IEeih SAHEK-SnttoiRrifethfamthmEneFadttm in
tROGArdRRee204t By el mentabihrapasent invention. FIG. 3 depicts a
imilar configuration as to that shown jn FIGS. 1 ,.and consequently,
Rk BB REH cLoue ShLERHBe b QDo T resen
emgehdndaneynayhel integiatedesigouit] s ysteml 466 chat becfodmed wittlconwithzgtto

MRG0 goaHRInsializaten JaushalHad908al-hasLrass M AMRAAINEHhount.

depicts the third group metallization layer 310 including a first Strap 300, a
Insathshavetiapthess, Vaafiae inpie reios cassEc Bt Finl erestd ¥ P sesaRpa 143 2
céanmeashabaver 3,8eCRBRIGOLR @ Mhatahéayens &80 Ed&i SorlhdvilbB®etween the
a(E)Blrecﬁted bé/ those .
two metal layers once fabricated.

[0083] Box 5 demarcates an area enlarged by FIG. 5 and described further below.

ormed over

[0084] Referring now to FIG. 3, therein is shown a partial top view of the integrated circuit
system 100 including a third group metallization layer 310 in a back-end-of-line stage of
manufacture in accordance with an embodiment of the present invention. FIG. 3 depicts a
similar configuration as to that shown in FIGS. 1 and 2, and consequently, only the
differences between the figures will be described to avoid redundancy. The integrated circuit

system 100 can be formed with or without the third group metallization layer 310.
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skilled in the art that a dielectric material (not shown) can be formed between
the straps, fingers, and vial of the same and different metal layers. The third
group metallization layer 310 may also be referred to as a metal layer. [0086]
Generally, one or more of the third group metallization layer 310 such as, a
[M8d ntRhameeadhy stihedayert @amictaheighthamaralizaiivatiapdnyw 8) Oandlietieg a
flmeHa!?@E)@”iZ@é@ﬁd' QYsy ﬁMg)a GAp R vesticallysiatkeshie i@%@aw%@%a 308

metal layers. However, it is to be understood that arg]\[/[anumber of the third
fyrashahitafissetian st 310%aHBE R nloYetith JoptaiH!hbyRRDAIS &N, Haose
sk ard esired aapamﬁameelvatu&r{élo&zl Fusthermaree itoriteberapeeaciaéedraps,

a%ﬁthose skllleq the artt a(# n?lrd ers%% ||I%l§ltlc?n la er. glﬁigai{%ct%yer

}71 ame an %
Cen t esec group o mea can e In ‘electrical contac

3Mm2thelt©tb€meﬁ%ﬂ¢éyeﬂm thetaddaxsmd group of metal layers 500 by way of

[d@ﬁsftr@i@ﬁcﬁﬁ}%”&%%%@@%éhﬁ&fr uYJ%@Qﬁ&QtEbﬁQM?%W‘&HPE’@W&@%ntb
of the strap via 208, of FIG. 2, to the lowermost of the strap via 308 (i.e., the

meplizdtion day ffn%@s B@tﬁ}g@ﬁ mdelEFagag bt HtaArddion W@r@i@ih&fluon
1@&6{1\39&%&& Wﬁtﬂc&ﬂ?@&&ﬁ&l&kbﬁaﬁﬂm layap SptdniaydeasHoRever, it is to be

nt, the str %OSttllnt rconnectteﬂ W|£tht e PQ mos of the dt

DGR CR L a O S R R
obitransard PIVIAP3 08 camel whid firdtsatrd paB@0tamd/wiltke strap via 308 and the

[REPNESHAPRGZ. {0088LN, fﬁ@&a@éﬁhﬂﬁﬂm%%ﬁ@@ fir §B§t£ﬁﬁt?h99h@'tﬁut@"group

second strap 302 can be wider than the first finger 304 and the second finger
metlig iR diieh od Qrd i P trdinar I G FaRB reE RISh SRS F e s tPRp g be in

etaeﬁlclﬂwﬁyarwttmﬂehemefﬁq@@cbbmttmeﬁ@u@q)lafthetalrtathat ib(e tghazae of
or dlmenﬁlons of the firs st}g 300 an é e second straep 302 need

MiniiteR™ by’th 8S|%Xna SBecitication e??ﬁ&oﬂﬁes ructiB-AS S|tsoeV| fap via
26 ot thdis olo Sur & vienedst Qﬁwmmwweacﬁ(l&é strép vieaBO8 AR badgsedetaeen

H?e'%QEFJ&&"QHG;S%?QH%M@?a?é?tﬁﬁa&‘ BRY of P ALIBGANEANE e (R adR 1ayer

) and that one or more of the strap via 308 can be used to electrlcally

3 W@er@bﬁdé%tt% seoMimsiaphs s e Hojaicainnrsséd Wobgw) yreeapost of the
SN TPIARY A syatm{tdthepafeeemﬂemmmmeﬁa sepicis aachoahthrefiisistasos

apd the s tra 302 utiliz seyen 7 of the S via 308 to
w‘gglr%olhsrtté% e%@h @ap 0 Setraa@hvia)égg f& a(?r’es 2 |ve '8 rgg%f an adjacent
[06§8F. Howexvemhiddibeeis, trdérstsog InAntdehewaioed ofrtheGlreqm biav@08r than

th%rﬁPJPY%QePBé(SQ%MqE@ A eMPRUTERNS 15 AL LY. § Qx‘%&fﬁ?@so guratlon or

example. In at least one embodiment, the number of the strap via

daqnpify i GHaPoYItnIS aReMYRLs): \}éW\Mth PR RENICERSR palarhiréhs, aﬂﬁéhat
tmeedﬁ@dﬂmmldﬂ@ ibCaRanianes 06 RREtIQIBIRMMUE S BBIERCHANy helimited

by tﬁg é(e)s{gr(lj lélgeec}ﬁ%altﬁ)snlss tgp %e ?7'11\%% structure. As is evident from the disclosure
herein, one or more of the strap via 308 can be used to electrically interconnect the first strap
300 of two adjacent layers (e.g., M8 and M9) and that one or more of the strap via 308 can be
used to electrically interconnect the second strap 302 of two adjacent layers.

[0089] As an exemplary illustration, the present embodiment depicts each of the first strap
300 and the second strap 302 utilizing seven (7) of the strap via 308 to interconnect each
strap of each layer to a respective strap of an adjacent layer. However, it is to be understood

that the number of the strap via 308 employed by the present embodiments is not limited by

the preceding example. In at least one embodiment, the number of the strap via 308 may
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the need to ensure a good electrical interconnection between straps of

different layers. Moreover, it is to be understood that the number of the strap

via 308 used to connect the first strap 300 of two adjacent layers need not

be the same as the number of the strap via 308 used to connect the second
insivsle 802 @f mwts adihownt Yaperstiobodk icatdesazn operestisodimaaedtieimprove

ufideaBssiaRclomd %@é&tYqu(Px%\%r&l&Mﬁ RO8 AR Owek dhsfirst &Eﬁ@tﬁrﬁ@oand/or
and/or the second strm[i)e 2 can be approxrmately equal to the maximum

HeuRTBLriBrdsMSit) SPieLeri-tlal Hos PRRHIRB PELESTHIMGES Qfgbresnkers.
Mere@dermininauba dﬂmmtemm&mﬁmgwﬁﬁﬁméxﬂxﬂ}ﬁ%) 30hespdasedhiisvemtofisst
hav vered that increasing t number nd/or den the

S L e R S ST R T T AR e P QR TR wsca
tqnemw%&m%@méﬂ%@dw@mmismure a greater than (>) 2x DR

[devh DiRaMaysabie PRESIRTHEH 18Rl didrsian e ol AR L ANhRUER fifned

present embodiment deff)rcts a certain number of the first finger 304 and the
X HidiigErand Ot aifBe Bpprecidetiey f’r?&s‘éagkh?eﬁlpﬂ‘in’é"aﬁlﬂwﬁﬂ‘ﬂﬁe to the
nfakesaRt Iﬁmb@dimen;lma;y fRckhuclp Giny3oripebartelithe dishd rtgerg&a{éﬂmdnthe) 2x

second cfim er.30 rffaCh of the Zthllr) jlﬁg metal |zat|o Xer 3
e, er 0 0

Texample, the ntim & Hirst firiger Hine' s‘é%?S‘ﬁ&ané‘éer djlé%’ﬁ%rﬁd that

bvanywrhml@%wdésrg&n@’@radnmeyso(et@ sthie ourrédft forocesstachaolegy2x DR

&Hﬁ%%lﬂﬁ?ﬁ feethiod R(?Y&%P'&Féa@a@ﬁ@lﬁecﬁﬂgéqw%%%e% HPWRYGosure, a
quality factor. [009 Generally, the first finger 304, the second finger 306,

Al AR YRR OBZWIR et AP pedered 19 Aid it SHERAY minimum

[HPaATingithackR, MR pradeatpitebodMhich eapicbe detarmingthhycihédesighnsdesos
o t e roc ss bei sed ege a third dgsb nhruleg For ex%mgle ma;rleast

The e MbOtIMERT. t ’frrs AN S BB S S BT S SRl EF B S s g present
eniep308 vanheifohmedsingnaegrefatsr fhanfl(mg)%tv@@‘tmésl@emgmdMelgﬁz&% per

eRBbmH%'@BHJa‘ mqﬁéfﬁﬂzﬁgﬂﬁ%ll% Iﬂe %ggkaﬁﬂﬁ&'% ﬁlﬂg{)gf th&l% first finger

between the fn ers and vial of a”greater than (>) 2x DR configuration will
3tetadary treweptinges 39 EFR MM darine SR En G HMDGHiYdBe Heneiiyent

pRResiNariRYEHCRRRSI @B GRIEVRRStdhe fingalsacaanve bagotoiedsse thBnprove
to}al ¥|a resistance, for the third group metallization layer 310. [0093]

Wowe \a}erorrt is to be understood that the greater than (>) 2x DR minimum

[092¢nSiomerwligthihes pasirigygan e, pikchadomddtigof 806, fusd finger8D4jai®8 will

pREGABA WROLLSOGARLINGSHAR M08 e A SuRe Imiiaa0ydhe which can

manufacturrng equipment and processes of the current technology node

beedefernmngeh b dbe 465130 ARkep I CBE PEICBEI BRI sk fSifg %rrhrrﬁéiﬁsm rule). For
ecligipidenh stndeitibe SHHo@mENE thirdrarangrwetaltizaliopldyRedlide, and the strap

Vlau’gr(t,)}éecrzrl?logee f(l)trrlgetdousmg a greater than (>) two times design rule (>2x DR) minimum
dimension. Generally, the width, spacing, and/or pitch between the fingers and vias of a
greater than (>) 2x DR configuration will preferably be kept at a >2x DR minimum
dimension to maximize the density and intra-layer capacitance between the fingers, as well as
to reduce the total via resistance, for the third group metallization layer 310.

[0093] However, it is to be understood that the greater than (>) 2x DR minimum dimension
width, spacing, and/or pitch for each of the first finger 304, the second finger 306, and the
strap via 308, are only to be limited by the manufacturing equipment and processes of the

current technology node (e.g., 45nm process, 32nm process or below) for forming an inter-
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understood that the first finger 304, the second finger 306, and the strap via

308 may separately or collectively be formed with a width or space

dimension that exceeds the greater than (>) 2x DR minimum dimension

(e.g., aloosened DR configuration) if design requirements require (e.g., to
digtfpres sttiugictitghfac tbe dritdeialinbititglicfatim \ana Ap0.stuchera)o[e0on) wde
ulvid-RsRVvidaniHo Fﬁgsﬁﬁgﬂ%at” the &@oﬁ'%@%ﬂ%@@%ﬁl%dﬁ%'gﬁ 308 may

tolerance that permlts the first finger 304, the second finger 306, and the
seRpes eI ROR 6 BE HoPFisEm ity L iaiATB 06 pRRcE difiBii & escds dhrsatrater
tlgreater tham@) mnimimmuimdaRoparmnits aaﬂbeasmg DR heopfiRoesmoIgtiifidgesign

for. thes stem th reb enablln re pr a S e tr aIt S
S S RO TR By R, SRR e ¥ar
Stme'ttam)zanon layer 310 with a greater than (>) 2x DR configuration, the

lems agspciaiREnvitiiRSALIHIIGN @6 THsalighment &p Al QGeHSsigh & Pnce
R level can be minimized. Accordlng% the gresent inventors discovered

tfmeesw&s Sheniget fnesrinertias s Cangse fofmtll Hitweah Vartikhig be formed
wadlj aceiatayralisaaf M@a‘ﬁssbnfun@em%anﬁ ihreaseaand Engarn3dénvithved peﬁ@hs
oceurrence of via ex pr mi allg 6] Generall

S S R S R S
cleonfigltatiomi dipysctothebdasecyniteapisitance, reduce the re5|stance and

[(}G%Tag%&lﬁy %ﬁ%yﬁﬁ@t%&ﬂ‘hﬁl{l@ Qf{%ﬁ%tﬁﬁ'ﬂ&ﬁ%fﬁa%@ﬁ fga%ttl?g%reater than (>)

embodiment, the finger via 312 can be formed with a width and/or spacing
Zfrﬂa&g%&%mt@wawﬁ%aasg?@&é MYHR VI ORTR iR HHARRRRS ShdiBerurs

altwill bPRppECated bmlﬁﬁsaisw&dr&mtglsa At {hatcswahventeanfigioalion Barone
maximi Ptle den3|ty3 ac%lt of the third gr up etaltll atlonl )éﬁ first
BRI Rdrdover it 1§ ecﬁn &rstoo tha %ﬁeenv%?ﬂh 4 Eﬁ aﬁerén SFSp 1S
fl&&@h&@ﬂthedfmgesem@mgaré%lva bedinvide dcbyrtéreen ariufackxtingion and/or
Hg&wmgm and processes for the current technology node (e.g., 45nm
rocess, 32nm process or below) for forming a vertically interconnected

[A08]_dfefnsratvstiachu e DROTIEET Mawie2SRNPRS E6RRe i R ERST thapthis firgahat
théi &i&gﬁa@tlsﬁmar@te&yﬂr@@éaﬁiweApab@af@mdu%thqa MdclanapdiQr iSPRGS: the

e S|ont the greater than 2X >2x DR) mlnm
gt S S B e S e v PR g gt be
fqengd totimproveh thvel/quaityifadion or dhprosliaiitity ofutheo\iNSARrstracttme)x DR

AR NERME SMPAIMANt:. GAGRALHE inaRsMaRhedo E{”ﬁfé ¥erdle s a

finger 304 and the second finger 306 can be sta?%ered such that no two
C%{g}gk}@tfpgﬁég l@p)ﬂl{él%ﬁ)@rdgﬁltlgnd capacitance of the third group metallization layer

310. Moreover, it is to be understood that the width, spacing, and/or pitch for each of the
finger via 312, are only to be limited by the manufacturing equipment and processes for the
current technology node (e.g., 45nm process, 32nm process or below) for forming a vertically
interconnected inter-digitated structure.

[0097] However, it is to be understood that the finger via 312 may separately or collectively
be formed with a width and/or space dimension that exceeds the greater than (>) 2x DR (>2x
DR) minimum dimension (e.g., a loosened DR configuration) if design requirements require
(e.g., to improve the quality factor or the reliability of the VNCAP structure).

[0098] In some embodiments, each of the finger via 312 formed over the first finger 304

and the second finger 306 can be staggered such that no two adjacent ones of the finger via
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312 overlap when viewed as a cross section. By forming each of the finger

via 312 over the first finger 304 so as to not overlap the length of an adjacent

one of the finger via 312 formed over the second finger 306, the risk of short

circuits caused by misalignment of the finger via 312 can be greatly reduced,
3vniecdapadicandenedribe ¢revesesadn Sktddramitiveeiwadyhif fingerfingerl iavel the

fifQr O3 dhesficst dingen A0hars spages E QR R eh: ARG R¥ad VeI Rhed
lqugl%%y X, then the figrfg?er \i?lig 312 f(%%ned O\Q/gﬁr%fhe second fin§§r30% are alsoej

o¥dbedeapuH iR THTE Phy B SUIb GUstRY ifrlicaraenebihg Sipemaia
3finger viagddaljorraead @velilthefissiiingend®d byahedt ($(2pdhevdetonay, if the
.quantit [0099] Further, it will be reciated Ry th skilled in,the art tha

R a e IR gk A R B, P o
qeanticyuie TheriubiinGngretaiti Zdcinage ievawitivowecfimd éngeal 3@ dumn etst sratiesh apart
MR NV dNgemYiab cAN SxEREk the GAPsGIaNES PhNRRRSHN G §S:REd over

prior methodologies that either only use finger vial at every level of the
thgjesnpetr &Ry BPus MG fe aAPFHEBHDIa -at any level of the VNCAP
[vatturertidd QORI aspreiaicd wilklie agnediateet byt thestskitad ipadiare of

that the present embadiments may tilize design rule.technologies that
L R e
wedwetifiganetalsemd| osdaihieatien yyareerttiiiagaount) tarotherod dirdsathedenviaof
(HRRCIQRWIEYIEE SR UR AL RARD MELRIdAY SRV GHARR R MRV GEIAIN of the

amount of extra metal to ensure that the via provides a %&od connection

VOEhBaH1HETWoImRRAF SN BIsER ab Acaite & V) 1 1R ON & detiidriites an
[Ceg entakgedby frlGilb ndsiesatbadyyrtherebalnwd [ 0] Referinghsowei@nt

F|G. 4, therein is,shown a partial three-dimensional schematic enlarged view
e R e S BT DR DA e ST e Bt
emthaabmﬂoﬁwﬂaadircgmmlthglﬁt@togmdpgmmllizazﬂiwzm thyer bl 4 @araibelm_ount.
Y ‘8{H&a%>61%1@‘%il§él‘s@ Rl dhelirskoeurotmeialiayers 499 é&fé}&#&% the fikat a

group of metal layers 400 is gleplcted as only including two of the first group

cHiavamPatiBelsyER MeAalifociswe DrdErstoRr Mideta aned 6PBUGs ithistyreen the
nlyaest9sMaydociugeaaiy number of the first group metallization layer 114

in NCAP structure with g desired capacitance value. For example,
B e ot B e e PR A e
[he2h Refgers swoly as, Blfistmbtadiizatiomdswen (Mi)jd decondnaetialidatidamatic

ellggfg&('%%% srirdemsialiaaion 'aver M) 4a foyehmetallization layer (M4),

Jor a fiftth metallization layer (M5), which can be collectively referred to as
[QH@]”%qrgp@blw,mé@} l}gyéc‘%g #epmpye than one of the first group metallization layer

114 can be vertically stacked to form the first group of metal layers 400. Although the first
group of metal layers 400 is depicted as only including two of the first group metallization
layer 114, it is to be understood that the first group of metal layers 400 may include any
number of the first group metallization layer 114 to obtain a VNCAP structure with a desired
capacitance value. For example, the first group of metal layers 400 may include one or more
vertically stacked metal layers such as, a first metallization layer (M1), a second metallization
layer (M2), a third metallization layer (M3), a fourth metallization layer (M4), and/or a fifth
metallization layer (M5), which can be collectively referred to as the first group of metal

layers 400.
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[0104] Notably, this view clearly illustrates that a finger via is not formed
between the first finger 108 and/or the second finger 110 of vertically
stacked adjacent metal layers. By not forming the finger via between the first
finger 108 and/or the second finger 110 of vertically stacked adjacent metal

[0AQr Noswblrithus shrortelehuly b yristigheticafnlor dxtiuteidioinledaetyeen the first
ripieningtesaberebyIRIaMRg the rsliability el e NCARAITHEIF . uRileRy not

increasing.the density and capacitance of the first group of metal layers 400.
fqptos]eingse Yp pretrste b dse L8 e artdrendiiastist drohysrcally
stmktdl dajecadofachnen]lBectheapsientialiel ﬁﬁefﬁma@betwleaﬁ thenfirs filngetn be
etlmmate&’ tt%ereec?nqgreg\pgggélgee\,\g:nm tnow tg‘ﬁ%lt{»a Vel MetaL Iayer 10:ing the

create d capact therein 15 shown a
dwtt»amr@@@mméﬂw f%hémmlgf mqratg@grwéw of the region within the

[13PeA R S.BhEIGe R B0 1AL Reithis, i iticAmO S SeeR {pak era taR 400

one of the second ?%rou% metallization layer 210 can be vertically stacked to
°38rHike Geceniengro diisrarrstearars BO G A IfHSGHH Otharddbs macgrduingsr 110
whagtadhlayens ﬁﬂﬁ%mlatetﬂda@er@@btdﬁteludmctwaoef the second group

tion la er 1 is to be under ood that con roup of metal
[(Egéﬂg%%ﬁr ngay w10 IE’v eﬁ% s1 Ol Eematlc

e any v niBer ofthe Setdit group me ization layer
e@atd vbrairt te/RwPvatirinctor dashith o ésifédicapacitance value. For

[ATRIE dihesaeond g %%QJJQEJ@H%}’@Eﬁaﬁ%mtﬂé‘%&gﬁdoﬁ%ﬂ H4Rization

vertically stacked metal la Ie&x%ers such as, a fifth metallization layer (

lagsitR HhEeambeatiaHoplPertorhesl Lriarat tessisntherupiZasiah rgey %&t‘zy)Although
twRidhirapbe eoliecivaberefoed dq)asemessa@pmd:mmngotatometablmrﬁ group

01 Not this v ewcear il str tes the finger vi
FEEBIHET < Ml 208 ROk LB ARELF 208 B T 200 mes
i@adkedyadaarbenbfﬁ@ahtayérgomyﬂ@tnhlnzgtlthelatrngémamamwté@ARheucture

wﬁk@‘aﬂi&ﬁé@@ Q&Q/&Vetbﬁ&ecﬁwe@'&%ﬁ@%%yﬁﬁ"g@ﬂ f@%%l Pa?z@?%’@b may

metal layers, the finger via 212 can help to increase unit capacitance, reduce

inglude caR PR AR FIEResagk g A Ry Facksh PR eal tiem ryer (MS), a

sltaﬂ(}a}:tuufztad@mwe(momh@ttaes&%ﬁ@ndl@fﬂu@a@tﬁnewrlamﬁ S0REafn be
|I|ze§1 ote tlal dtlﬁference betwe n the |rst fl% r 204 and the second
SeeSsHvA e AL

ectiv € SC€ on met
nger |n |n ra-leve Rl [ mé/FaT’ ers to create a desired

[Qmswtaaidg, thiwilldvechpphediatedbytiihdoeeskiled Iidhesdidhat thdifigefinger
2o O TR ASRACETILPHIE 5p HG ARG SARAGIANGEQh 106 SYHE Borming the

thereby increasing the overall capacitance of thé system. [0110] Refterring

fiRgw Y PIG bstwRetdlls frstéwar 2 artdiontiseserrmdigissiat QoAb MeAiRallY Hacked
a@alargesbuvrwyefdhedagien within thedashetd bexHRf e eabaditance, reduce the

resistance, and increase the quality factor of the VNCAP structure.

[0109] It is to be understood that the second group of metal layers 500 can utilize the
potential difference between the first finger 204 and the second finger 206 within intra-level
and inter-level metal layers to create a desired capacitance. It will be appreciated by those
skilled in the art that the finger via 212 may also contribute to the parasitic capacitance of the
system, thereby increasing the overall capacitance of the system.

[0110] Referring now to FIG. 6, therein is shown a partial three-dimensional schematic

enlarged view of the region within the dashed box 6 of FIG. 3.
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[0111] Per this view, it can be seen that more than one of the third group
metallization layer 310 can be vertically stacked to form a third group of
metal layers 600. Although the third group of metal layers 600 is depicted as
only including two of the third group metallization layer 310, it is to be

[UAdkrBes deisthizgtthis ehivBegiesighet metathayens 60 ey drashudenatallivaiipb&yer
3{8-6an W& QRAALEY QTR sk O rouR Metal ZRtiRRdANS E 3 KO H0 ARRIRA the third

VNCAP structure with a desired capacitance value. For example, the third
2ERBLRT SRGHIG LAY 45/ 8P9 B0BRITLT icRIbe BHELR R hichiy! SeRaB Ak ion
ldgye3ssuchs as,ha seventbom etadliratinind ayeilip (M Hhean Righthootetallizatn@e any

layer (M8), and/or a ninth. metallization layer (M9), which be collecti
e S B ol G e R o ST T SRS YR P
staystueciatiba oy sinesseapidifaticin vidseart oh skt et igr ied givonipfspsterfad@e 600
2l G Rielsse Gi‘%’o?é%ﬁﬁkq}#ﬂ%;?&%ﬁ@él HALPSOR H&?Saéel@e)ﬁ%‘i%né‘éﬁﬁﬁﬁﬂlayer

fourth group of metal layers, a fifth group of metal layers, etc., formed over
(Ya- thier & HOUP A Hration fayer S\Bb 25 ek g aiul By ahedia iy re fUirenidigh can
betsneciniegraieaiiouit systerd HMp[ElhahNeaklgothis view clearly

' rates.the finger via 312 formed pbetween the first finger 304 and/or the. .
T e e B S e B B g Al e
s¥itgrer O FHGRtweemahelfivsnfinde nddoandiorhe tawtn defieyeru88sof fourth

gfé%%ﬁl%éﬁﬁ%i&g, @ﬁﬂ?g%g‘@f%é?a\ﬁ;@e&? ié&pﬁﬂglgaag@ t%@thﬂ%l Brg%lp_of metal

increase unit capacitance, reduce the resistance and increase the quality
lopecat 081 th&comiiechlpy Sifudatiee ronraPars SfdhsgRe et pacyioupian Hital
[02y8Y N6Q01 Lz sithecpatsniink difiar elamn e twesn theiks biingeh 34 fandinger
e second finger, 306 withjn intra-level and inter-level metal layers to.create
SR R ARy e Sl o b e A ey e
fivig3di2 Phaypeilsecoamtributéingeth#)pardsiicheapacithfioecoBiteoystamlly stacked

adRIRESDYANGT q&';érfgg Eﬁi@_c%\{ﬁ@hla%ﬂaﬁﬁafﬁé‘iﬁ o ﬁﬁ@rééé%t%lmt Qﬁ&%laﬁ@eﬁeféme the

now to FIG. 7, therein is shown a partial cross-sectional exemplary
resiEIFRatRIVISIFBE fitfgeilinoireRtiitiieY War\WitHi the-integrated circuit
[BMAEALIEi IR ceRrdancewilh anaeahodimensmf theipesenpiweantianfitrisce

to be understaod th§¢ 4he ielectric etweg1 the fingers 700 has bee
DA RARENAN 1 ) S AR TR SRE A UG I by

latyresfirstignoup @bmistabtayiensih08 agmeatarmedowithditdingae viaftethetnger
v BNGETS IKOQ, HELSECANGITQMR A Msiakiavett alQ faPe Jopp et Wil e

finger via 212 between the fingers 700, and the third group of metal layers
opoelcennasEFeie e G RIFEHR: finger via 312 between the fingers 700. Per this

[EaTRokifegits thewfifgerrsr O Withémeachioithefipat@o R of watahdaysksnplary
sé%%a%?cevsleevso&dfgé%lflsp %Orqgaa%inzg%r vias within the integrated circuit system 100 in
accordance with an embodiment of the present invention. It is to be understood that the
dielectric between the fingers 700 has been removed for clarity of illustration. The
exemplary schematic illustrates how the first group of metal layers 400 can be formed
without finger vias between the fingers 700, the second group of metal layers 500 can be
formed with the finger via 212 between the fingers 700, and the third group of metal layers
600 can be formed with the finger via 312 between the fingers 700. Per this embodiment, the

fingers 700 within each of the first group of metal layers 400, the second group of metal

22



layers 500, and the third group of metal layers 600 may utilize a varying
thickness and/or width. [0116] In at least one embodiment, it is to be
understood that the layer to layer and level to level spacing can be formed
utilizing a ratio consistent with the respective design rules. [0117] Referring
layeuy 800 1@ d8hendredrerowholvimeiap skt s snap ctidial examripiafyickness and/or
wgematic view of the fingers 700 and finger vial within the integrated circuit
system 100 in accordance with another embodiment of the present
(GRUEh o, 174 R3bETIIBRERo thit D BHREH B e B b figeedrye! o
ldvakspgencrern oy échiadaldrityngfailusiradiciehheixempipeyiBeherigiieules.

' rgtes how the first group of metal layers 400 can.be formed  .without
R IR b B0 i o B e e e eraglr
sqhentgrendewviththi difigryer Waand Sukgemnvaesvthieifitigesczo0edadctestisiean 100 in
2 QHPe! etalianersnfiRQicRARe fr @%QW g dinognvig RlénReeanithene

fingers 700. Per this embodiment, the fingers 700 within two or more groups
distsrietaneiere iy PBedessubataRtaliytRe wdniar thlekRess dhusrimth, The
exehilaiyescaeaininglgsenies abmeltal faye ks naypossessagedfigrendathbeknessd
d/or.width..[0118] For example, in.at least one embodiment, the first grou
A S el OB DG B S A SISy RSy TR o
fahiskness tedioewidth 762 teewingehs 10gethdD0sagdbtathiidligroue shmedolayers

o6 metplizationdenehieg-va B sesigRaifthicknessoasUah VAdIIaRIE the

the third group of metal layers 600 may utilize a 4x design rule. It will be
figesPe R AthY (MOS” JRAMS BTAUPCA A S THHBRY DRESoIsEbH e by Hissame
tHittizdRgaadrordesign wilie: width-anaiag $PaGin o Cofiguissiomaltbeisgh lakgeerent
tWi%Eh andC{Pr %)a%%ing configurations can be used as well. As is evident from
lﬂge disdosire’ the finger via 212 may include a staggered configuration.
[QOu8I9dt isxaoble, umde tstefoththanodndet. tthafcsramad afertttel fimges K 240 the

sMIRINEDS, SPRROA AIRHP6) m%t?itiﬂé’@ﬁtﬁ%e@%JH)QP&%JIQ%PM@%@?Q% that

~group of metal layers 500 can "be spaced at a wider pitch than the first group
isofbietalisdydhs 4o0e estrdh axdalizataniliyerse-200 oF WrsigreBlid b bnd/or
wiagtal Jayrr hd QR cep b6 for mrt LR ga0ralaxedipiCh, 4. Glosyiithu SPRGINY be
and/or pjtch that is about 20% to 30% wider than spacing. and/or pitch of
SR o5 51 ARG 4 s 0o e GFR S e AU e » 13
devithinrte sedbdndndfrouppafingetalnfyersisfO atthereby Ipreremtidity exdtudlitespacing

GtYRLAFAIANGA DGR Wal thal i may;cause.PIRCHICAbSerthe Afds Y0 may

_from the disclosure herein, the VNCAP configuration of the present
insiidod Bt GIFalde HatiBnstrate improved capacitance density, 23

[0119] It is to be understood that in order to accommodate the finger via 212 within the
second group of metal layers 500, the fingers 700 in the second group of metal layers 500 can
be spaced at a wider pitch than the first group of metal layers 400. In such cases, the fingers
700 of the second group of metal layers 500 can be formed utilizing a relaxed pitch, e.g., with
a spacing and/or pitch that is about 20% to 30% wider than the spacing and/or pitch of the
first group of metal layers 400, to accommodate the added finger vias within the second
group of metal layers 500, thereby preventing extruded and/or misaligned finger vias that
may cause electrical shorts. As is evident from the disclosure herein, the VNCAP

configuration of the present embodiment will also demonstrate improved capacitance density,
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improved reliability, and improved RF performance when compared to that of

a conventional VNCAP structure. [0120] It will be appreciated by those

skilled in the art that the present embodiment permits one or more Ix design

rule metallization levels (e.g., the first group of metal layers 400 and the
ingprsryad ighebpiof andtaniagead RO Oy tomeficriddnadjaperadddshaiedighayentional
viketapizationlevel (e.g., the third group of metal layers 600). [0121] In at

least one embodiment, it is to be understood that the layer to layer and level
(4208 Jerdhieingpezsinisd forihets ahilidraiant dandistertsantis e eapu Rt
oflesigndigles.d¢ikr 2R efietxingation dock| .0, tirefein dsospofvmeadl oayabacoaind

a methad 900 of manuyfacture of the integrated.circuit system 100 inan ... .
R h R IR i S S D BTN
leyabestgatéhindiud igrguiper et -ofdind@euitry in a block 902; forming a first

(Y Hrpgtnﬂ%@'dﬁé’ %ﬁ%bmﬁmglﬂgt%ﬁt@iaﬁ %@E%@cﬁt%‘%ﬁ@@aﬁ&gﬁrla%ﬁElﬁﬁ%vel to
substrate utilizing a first design rule, the first group of metal layers being

e RAT RGiEAB B K MGE MULAIRSE BT THIETBT RN e S8 g SIS Stal
[0agEy Rfehifing@fiist Fiager, amsenond fnget, andoa fitiger \ba aveethelfigsd of
roup of metal layers utilizing.a second design ryle that is larger than the first
s e e o Tk e WA B e e
Thdtmtileodhihgrolap ofenistiaklayersstoforineadap doidraniablock cgo8gtry in a

19X hysnit hagiRe SR ASGRYRIEOIIDAL %lﬁ&ﬁ%féﬁqtq{%@é SYFLLRRR finger

device or product of the present invention furnishes important and heretofore
OVRIKhEWPsiCUMENANR! lrgoﬂiﬁﬁléﬁs{u&aéa%mfﬁés%ra%qt?ﬁaﬁarﬂavgéd&&g fgFmed
wiliEseas fgebinit Capacilancenanthiengualiyodagionpba VT AR sl iuctidihg a first
fi\ﬂvrgleareducgwg the re%ist?nce of the VhllCAP structurfe. L(t)J[%4 Thet.[esultinS% d

RSSinB O PCL LS B At o 2L PR SN YLl p vitne & econ
dstigightéahaard aaws tlefiabt Vestules@mplicatedb i) ershiiier@ooaetitg, the first
oRRSHvRe @y elarHN G200 GRD RE TR HBENIGRY B FARNNL KRN in a block

components for ready, efficient, and economical manufacturing, application,
9%hd utilization. [0125] It has been discovered that the present invention thus

[(123 DRI AUS ABRSCES N BULHN BdspaCListaaliihaRReeNhiHVeAeN or product
pigimizes reliability issues due to extruded or mis%ligned vial by n%t formirigb1
© arly ViR B A CERE A B B A Rl 1R T B WSt datiBR 0l
sddyremof @ﬂ»ﬁbﬂi@i@him ﬂmq@%hmm@{@m@%m% rcapqueltants thalt fivequality

RESENE NEARR 6T WRINCTEARa NI CRARRGIRNGE EYHke PRSITIARES, and

iIncrease the quality factor of a hierarchical VNCAP structure by forming '
[%wgﬁédrﬁﬁg@&ianﬁb%uawpf@% nARRHBNS deSigRcru R oditRin Ang4opRYstem s

stfﬁ%llﬂmﬂfaﬂﬂﬂ |@(Y§feffective, uncomplicated, highly versatile, accurate, sensitive, and
effective, and can be implemented by adapting known components for ready, efficient, and
economical manufacturing, application, and utilization.

[0125] It has been discovered that the present invention thus has numerous aspects. One
such aspect is that the present invention minimizes reliability issues due to extruded or
misaligned vias by not forming any vias between adjacent layers of fingers within the 1x DR
metallization layer of a hierarchical VNCAP structure.

[0126] Another aspect is that the present invention helps to increase unit capacitance, reduce
resistance, and increase the quality factor of a hierarchical VNCAP structure by forming

staggered finger vias pursuant to a minimum design rule within a 2x DR metallization layer.
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24 [0127] Another aspect is that the present invention helps to increase unit
capacitance, reduce resistance, and increase the quality factor of a
hierarchical VNCAP structure by forming staggered finger vial pursuant to a
minimum design rule for a greater than (>) 2x DR metallization layer. [0128]
[ARBtHerospaspisttivahah éhp st invertionihibipt todragove thepagitige, reduce
rdaGiaof mdigrarslical VNEAPIRISICHITE RXIAUIING SR HakRIISHaR] (Rt

minimum design rule for that metallization layer (e.g., a Ix DR minimum
SARFRRLISAZE 2985 RUYKSHARh U DTHBIRIEh, det&n , tHErEBy ARG HAR {SlatvidR
nf@sistatnce 1{@&t29] Yet another important aspect of the present invention is
it valuably supports apd services the historical trend of reduci ts,
R R T e TR e T gty S S OB or
higsdeciivel A8RE A4S Bfugiorp osommingeHEb vies nBesyairityhie riveimine dstage ofle for
ihienteannaleayiigeaateast the PRYIRHALHOHR LIS Bie kv antiemfAsiReRSon,

described in conjunction with a specific best mode, it is to be understood that
ey R ONRIEE RJAREXASRES AR variations will be apparent to those
[RYed ¢n thextait impighinohipe afo ag Pirg-AescHplion isABeoNdiambbI Mipports and
sJptended o, cmbrape sl sugh aliernatives, modifigations. and variations that,
Fail Withih the scope of the inclided claims. Al ater€ hitherotord 'Set 16rth- 2
péréeginuieshown in the accompanying drawings are to be interpreted in an
[OHS61r VS 208 DERF NMIlNGSEaRes 2% WOFkisalaimentish LoABSARH ffter the
manufacture of an integrated circuit system comprising: providing a
staipgditedrinolgmy frareshionsiHddieuitry; forming a first group of metal
[0ay ey svAtiuding @ fiish fiag eeandka seepnocinpaceith thepstibisthatemode, it is
utilizing a first design rule, the first group.of metal layers being formed
S e e At b PR
thingekiliedec s dingehghnodf ahdinfrecarnmodesctigifinst Grooplioginetalslayerded to

eMBIAIDY IR SEAOMEASRIGN iGidRAlJR et iRan e RSt AeRiand e Rpgk 18 the

interconnecting the first group of metal layers with the second group of meta

inglyded ¢imPm Altdpaitstoniderpiorm e dards hasihad fetinh e HsfFempanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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forming the finger via includes a staggered configuration. 3. The method as
claimed in claim 1 wherein: 15 forming the first group of metal layers utilizing
the first design rule includes forming the smallest reproducible feature size
permitted by the current processing technology node. 4. The method as
Vehainsesdrimeddim 1 wherein: interconnecting the first group of metal layers with

the sg@CopdItRPATLMRIRIIAYEsS aanit@Qh'Q@%?cﬁH apdia famibesecond
group of metal Ia ers. 5, The mr‘Ihod as Clﬁﬁf?ﬁd in claim 1 further

comphiSiHgdésy ﬁ'i’%e Anglesing Rtk Ui ctric constant value
belowaaindng siﬁksagwmnbmadnmslaympldhm@al fayefisgndittie secaddiggotgver

of metal layﬁlres s@bs’bf Oﬁ%tﬂ?ﬂn ;mﬁ”t“cﬁ%‘& l'rll IPEQ?O%S Ci’lrl%légﬂs%?tg%emg

comprising: 25 providing a substrate inciu ont en line circuitry;
forming a firSgedupbphatangsysis mcludmg a first finger and a second

fingerQuanthecsuRe taie Willaing & sl desi@ngdulerdhentes! gieum@timeiahnd a
layers being. formed without a finger via; forming a second group of metal

layers includiffya iistYRIJR?, e eomy ‘f’ﬁmﬁ’éfaléﬁéﬂeés $0lifige? SrABJetgHen rule
first group chmeétdddayehsrudikzing deseaond;dadign rule that is larger than the
first de | nrule. ZGtLorH'uriS a thquj 9reyn.L of met%lﬁ%ers ing ludin gfflrs

1n e onnec du}ﬁ'l I'Oll? € €1rs %I'Oll meral layers
finger, a second ffhger, an inger via over the secon gro fm

layers utiliziteg @thiredesigh rule that is larger than the second design rule;
and interconnecting the first group of metal layers, the second group of metal
layerd; ahtf Bhedrt 4 1grBeh BFIHatd Y& Do form a capacitor. 7. The
metheodamglanieddnelainledeshenaiyefedradng g disst group of metal layers
includes forming one or more of a first group metallization layer. 8. The
methéd dbchagthed dp dtaimadomthdreihwhoréorming the second group of metal

|ayef$dﬂﬁﬂhgjﬁ§ ferminG.BNE REMAS ! aReaandgiRvRMSIalizationday ﬁfm%ng
The method as claimed in claim 6 wherein: forming the third group of metal

layers includis 1B SR Yicthtsrdeafsctriig gratpied by the current processing

technology node.

4. The method as claimed in claim 1 wherein:
interconnecting the first group of metal layers with the second group of metal layers

includes a strap via from the second group of metal layers.

5. The method as claimed in claim 1 further comprising:
depositing a dielectric material with a dielectric constant value below about 3.9

around the first group of metal layers and the second group of metal layers.

6. A method of manufacture of an integrated circuit system comprising:

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

forming a first group of metal layers including a first finger and a second finger over
the substrate utilizing a first design rule, the first group of metal layers being
formed without a finger via;

forming a second group of metal layers including a first finger, a second finger, and a
finger via over the first group of metal layers utilizing a second design rule

that is larger than the first design rule;
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metallization layer. 15 10. The method as claimed in claim 6 wherein: forming
the third group of metal layers with the finger via includes forming the finger
via with a width or spacing that is approximately equal to the third design rule
minimum dimension. 11. An integrated circuit system comprising: 20 a
substieiiichuding grove-ehohestllilvgcsiroisteging firSrgjrougebanmecandalyeger, and a

including a fitdinger andir IecadlingebONREINGySURRIBIR: NenflslalieHRule
of metal layers configured pursuant to a first design rule and without a finger

via; a secorfB?gidlapsor i ageredden@niyls #¢t finger, a second finger,
and ardiagenn2ainiathy érdihg dirstog il ofiyesiahtaye s dtie se oo ntt@ramesf and
metal Iayer§hé:%r{;iﬁgured Btﬁg‘%% tto a s%cond de%icq% rr.ule that is larger than

: t : )
the first design ru eg,rglﬁ% irst %ﬂﬁ) 0 1?rl%eatgfillfayers interconnected with

the secopglgrouB L RiAldaYeERIR dofmRigapacitor. 30 12. The system as
claimed in claim 11 wherein: the finger via includes a staggered

configefatisnthfritaere iR o Brsth A B ATEERi IEIRE P WHAT: thé fiFst roup
group of metatiayatminalde the smallest reproducible feature size permitted
by the current processing technology node. 14. The system as claimed in
claim811 WhereimdbBashatirstdgnalproformétatiayers interconnected with the

second-GiRYOTBIGH AYE S riIMARS & SHaRrYiR EAMMNERESORGETAUP QEond

metal layers. 15. The system as claimed in claim 11 further comprising: a
dielectric mateYRMFAIHIZHBF constant value below about 3.9 around the
first gro%eof ggheg | layers and t?e s%c\%\eqe%{pup of metal layers. 10 16. The

system as claime i Sy LT fufther comprising: a third group of metal

layer$amaiuglihg tifit siréyef nzeeé tord fimdeds afvdnafinger vianavef thibird group
second group.ofimatal llqygl(s utilizing a third design rule that is larger than
the second design rule. I7. The system as claimed in claim 16 wherein:

10. The method as claimed in claim 6 wherein:
forming the third group of metal layers with the finger via includes forming the finger
via with a width or spacing that is approximately equal to the third design rule

minimum dimension.

11. An integrated circuit system comprising:

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

a first group of metal layers including a first finger and a second finger over the
substrate, the first group of metal layers configured pursuant to a first design
rule and without a finger via;

a second group of metal layers including a first finger, a second finger, and a finger
via over the first group of metal layers, the second group of metal layers
configured pursuant to a second design rule that is larger than the first design
rule; and

the first group of metal layers interconnected with the second group of metal layers to

form a capacitor.

12. The system as claimed in claim 11 wherein:

the finger via includes a staggered configuration.
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15 the first group of metal layers includes one or more of a first group
metallization layer. 18. The system as claimed in claim 16 wherein: the
second group of metal layers includes one or more of a second group
metallization layer. 20 19. The system as claimed in claim 16 wherein: the
third dpolipeoyrtrataddalrereihiolales bhavkarentire of a third group metallization
layer 205 TNE-SYStHMaS HAURSHIR QD B OISR dReuInBRE VA O thmitted
third group of metal layers are separated with a width or spacing 25 that is
approximat@y 'Be GAIe8 tRHOIFIF N8 LSRYIPIEE Mtsimum dimension. 21. A

meth %i manufacture .of an integrated circuit system comprising: providing
a subﬁ; ra eeiWcSItﬁgllﬁé ﬁ‘%n 9%ﬁ%9éaf%1thWhere

ine C|rCU|tlrr§/'; forming a first group of metal
layerthinBiadiigua fifsififaddayarsdiriseonrdifihgathobe satvad ghatpaté wiilidityers
a first desigi diiisthe At Areun alneiHdayass Heinga 3R ogmed without a

finger via; 28 forming a second group of metal layers including a first finger, a
second. finges;sasmd a3 cingea viecpvarithafinst goaippiohgnetal layers utilizing

;Zig%%ﬁ%rfesclt%rc] grlilell ervi\g}hwitrﬁ.lg)é?ge% r?cc#:r(]) S?%t\,\(/% uré @e?ows Egggga?guﬁ ethe first
ger; forming a third group of metal layers including afirst finger, a
second fingerune mekfilagers viad thesatrmdesond rog biemetal layers

utilizing a second design rule that is larger than the first design rule; and
intercdhAdeiImeiFstigislin eeimetaiftdihsr<aRasRBnd group of metal
layers afi@ll ghaipharch@gioupyefymairidiayersita forseraacapaadtngds.ahda finger via

method as cIaimEd in cI%im 21 wherein: 10 forqninlg thenfi er.via i C|lrl1de.S f:\
OVC];T'[ c S%COI‘I §]§)ll]i).0 met ayers utilizi é £ 1rr4 €S1 rule that 18 arger
staggered configuration. . The method as claiméd in claim 21 wherein:

forming the thest ecapood deetah kayers utilizing the first design rule includes
formgﬁ the smallest reproducible feature size permitted by the current
Si

processing tBeRRSIEYYS rbtaed 51 ZIimHE HKHY as claimed in claim 21

whergig: fiieconnectinadhe st grawrobnetal layerst theisecans gretapiedtion
metal Iayers[aaygp

18. The system as claimed in claim 16 wherein:
the second group of metal layers includes one or more of a second group metallization

layer.

19. The system as claimed in claim 16 wherein:
the third group of metal layers includes one or more of a third group metallization

layer.

20.  The system as claimed in claim 16 wherein:
the finger via of the third group of metal layers are separated with a width or spacing

that is approximately equal to the third design rule minimum dimension.

21. A method of manufacture of an integrated circuit system comprising:

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

forming a first group of metal layers including a first finger and a second finger over
the substrate utilizing a first design rule, the first group of metal layers being

formed without a finger via;
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the third group of metal layers includes utilizing a strap via. 25. The method
as claimed in claim 21 further comprising: depositing a dielectric material with
a dielectric constant value below about 3.9 20 around the first group of metal

layers, the second group of metal layers and the third group of metal layers.
29 forming a second group of metal layers including a first finger, a second finger, and a

finger via over the first group of metal layers utilizing the first design rule with
relaxed spacing between the first finger and the second finger;

forming a third group of metal layers including a first finger, a second finger, and a
finger via over the second group of metal layers utilizing a second design rule
that is larger than the first design rule; and

interconnecting the first group of metal layers, the second group of metal layers and

the third group of metal layers to form a capacitor.

22. The method as claimed in claim 21 wherein:

forming the finger via includes a staggered configuration.

23. The method as claimed in claim 21 wherein:
forming the first group of metal layers utilizing the first design rule includes forming
the smallest reproducible feature size permitted by the current processing

technology node.

24. The method as claimed in claim 21 wherein:
interconnecting the first group of metal layers, the second group of metal layers and

the third group of metal layers includes utilizing a strap via.

25. The method as claimed in claim 21 further comprising:
depositing a dielectric material with a dielectric constant value below about 3.9
around the first group of metal layers, the second group of metal layers and the

third group of metal layers.
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