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WD 2010/ 020836 PCT/ | B2008/ 053390 | MPEDANCE CONTROLLED
ELECTRI CAL | NTERCONNECTI ON EMPLOYI NG META- MATERI ALS 5
WORPHY30%5¢ THE | NVENTI ON The invention rel at es PHEABILH/P§p390

to el ectronic device fabrication and packagi ng and
nore particularly to the design of controlled

i npedance el ectrical bond mﬁge I nt er connecti ons.
BACKGROUND OF THE | NVENTION 10 An integrated circuit
typically includes a plastic or ceram c package that

encammﬁm@@:@@ﬁbmﬁmgﬁcwmLWTER@W@EW}OW
electronic circuits, each whi are fornmed on a

sen conduct or sdﬁé?t@ﬁ@N(ENﬁﬁb¥hb%TERMUé}connect|on
between the electronic circuit(s) and the externa
connections of theFHﬁdk@@éﬂ&EéNVﬁpﬁE@N1y provi ded by
bondi.ng, . flip sol deri.n or_tape automated
bond i &) icid\mmnmby ipﬂgoni%geef&?ﬁﬁléiadmn apdypackagmg and
mok @{5‘ HEQRS td the QEsi gl SELInRBIIED H’hﬁc‘a%&%iccﬁ %hb&{ae&ﬁﬁ i cal
~interconnections are commonly required across t
intgrgefrecieorsf t he semi conductor die as well as at the

peri phery of t onal |y,

el ectri cal intEygégﬁggﬁ@gééﬁﬁigﬁIﬁﬁgﬁggk&%tron|c

Ci I AW ih@gtafed iUl ki Gy An YOS 28 IAMEM corWRR! RacRage that
plurality of electroniC circuits have been

CHC@B%@E@&@@@IQCUMM@ el cenlmrcilk&zapf ¢lentron somisaidy, icaeisol which are
forﬁ}cg]o %r‘;lc%l Or[rBUCFI‘gE ﬁ#elgdt Egllgéfpﬂ 1t Elggmﬁtga(l)l{ g(‘é%/ﬁ(gr} %18 CFCCUOHIC

€ ‘package’ra

ciroMit(€ ana ity dxgernyitentecsivaofhe %dldag@iucltﬂil&ﬂ@%ﬂﬁdéd BNSire
an integrated circuit are easily

to ag%@portlon of
bondiig. dhesphigdodsting. ps cancowmtangted banding( TABR gWathd persasiigy ch

cor?]?y ; it%\%[fﬁnmd%{? %“ (%(%)trén il %c& 0 k’t%hc?cgcttﬁédﬂrﬁ 1F3Mn%gpons are

corhmodl§00q)ircd Heese thoondawd sidhe represiantor dichisgiell as at the
characteristic 25 ce transnmi ssjon |ine segnent

perfiony € s AT AR e Lo tstnscets BiBagh the

ch&&&ﬁh@@@ﬁ@@n@hﬁﬁ&khQQﬁo&ﬁé@M@Qﬂn@ﬁ&h%%%nQﬁﬁQH%<£96ﬁcCucmu

probl ematic as data rates and I gn frequenci es
havicrieee as@ackdged, ropigdictant g),tCie@p;actuctnaﬁwidaiydmpicmcntcd within
asitics h variations

mcCHEFﬁéagégl$ﬁ%ﬁP?%%5%ﬁ%M? ?Hﬁf%?@besses and

equUpARM: wir oﬁt&ﬁn@%vﬂ@ﬂckh@& cleBRici188krcdfnRXERSHI leg peftion of
vari abl e i npedance for the bond wire as signa

an wc&qﬁ@dw@ycwtrme é@lésmpmmd@é derrrgien wicH ribtorh &gqtreégm tSuch
bor{dr]\wﬁlésoc%? Sﬂ%g%ﬁecq(?aln%{ dc)f Nidel ]{tggical )ﬁ ?ﬂtm 1, tﬁr%)d and

att enua I on con

leng thyiegévade leﬂminrt@ mﬂ(wumpﬂ"hc{chﬁmﬂ adkagrekect iﬁlgb} alm acteristic
. traces or electrical circuit to the bond wire. Such
impegdpcs rABIMERIGR ANS Ssmers iop sizodIeomertinmy g thes ddevever,

these wire bonded electrical interconnections become more problematic as data rates and
signal frequencies increase, due to inductance, capacitance and resistance parasitics
together with variations introduced from the manufacturing processes and cquipment.
Such parasitics manifest as excessive or variable impedance for the bond wire as signal
frequency increasces. Such impedance mismatches result in propagating signals having
significant attenuations, due to reflection from the controlled impedance environment of

the package clectrical traces or electrical circuit to the bond wire. Such reflected signals
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2 5 can al so cause degraded performance within the
electronic circuits and result in distorted signal
WORAVARE s and i ncreased noise. Typically, thBCHIBEPE053390
art solution has been to control or reduce parasitic
effects by designing the device to reduce bond wre
| engt hs, thereby reducing trbe bond wire inductance.
Where a bond wire connection is desirable at the
devi ce edge, short bond 10 wire | engths are possible
carBéh HRVEId: &dcﬂtp}érfml?pé‘fﬁy ithid MELRCAEHC gﬁ"&'}f%eand result in distorted
applications where a dW|re is required on the
sigiepd wiayelorms end tmmca&qirrm%& ngly, despite the plethora of

ai o AN EgTEe = 3pRaE IR ae firviaha e TeL R erRecs by
desiBin] @EULVIEE B @B Syird [BRLRY, Rk tHAtidiBN&el@nd wire

addressing the problens of prOV|d|ng hi gh” per f or mance
Indugtaraer Nl 4 prnsrgisnprisciionsis dosiahls céltléndqvmedgwhmt bond

wng'l({n%H-l,stdlpﬁ(%@%g \%gi HaGl {?}Eht‘{/ deéwavm 1%1?: are 8(: 1 ‘ gﬁﬁ“b"m where a

cksI'n

borg Wmculstrc@nd:dm)a(rk@@@l@f intefiof. SR Frisiigy, Qﬁ%ﬁt&lhb ptchxoamf
manuf act ur abi I ity, especially for devices wth very

clegiopie @f @t mag %%ficéﬁétén%wnéé@m dic terfaalpeisacIpsEsy

n
PR RR O S0l B A0 Ry o BT T e e
pno(al@msk)égeavhdieglhngixy)cS@TM&E)elccn keebugicdnaceridnt ikpthe ctdsirpnic

S 16-pi n hi gh. densit
cird S B BV g1F Dt e Mo B o e Pagatevioh of the
clcdtﬁﬁm étiﬁ:tPﬁ@%li@g 6r tﬁ)thcmo‘%%cgﬂcmllty an§ %ﬁlﬁ}%lc!u?golhty, especially
npedance may be required by one electrical
for dﬁ‘tléﬂhwﬁnwy |htghl thrctiaml! lréd:re@lmeptcaiuntsnfedcc/qmnb@cn» Ong range
ese U|r s, for ntr

ronf R bRE Par R R hh g artsan e e

SertibsRUGRRUP L E%C\thﬁﬂﬁt)f @D@‘Q{Qf) PasiEAas nﬁ@tﬁﬂ@%&p pﬁblﬂlg:cs (MCP)
counts, and 5 signal frequenm es present wt

such gg|Hip 2! lérr@eﬂlrg@rﬂces@ BEdi pvgilalgg Siepl Rencets E@@hohé)(/%@@w
chﬁtﬂgnSI S(??lrnﬁP‘%B&)S?\%&aﬂl(&l&ﬁtc8£i§oi&ﬁ%%4(,i:dn’élg %da' 3?@111%61 by onc

or operati ApUCS an
cicqnmcﬂ snteipoiii@cRaGhizall (ﬁCC&I‘léﬂ‘ ﬁ)mtﬁro&ﬁﬁl'ccﬁa@(age to Anal og

cei1 D6534 O:hello G Single-chip Direct
n'%/éw yoRcesrMsrs itfahenioled. rpaetidl clwtqe}l na

mtc’r)‘c%nln&qgmlrgﬁgt thoggﬁ%gm ﬁ%glﬁ %gﬁ)g@&gc [z mtc%mu@&%

format (LFCSP 3 I nput”’
s1gpnraqbér:amnmgs atcstrt ewémamday 'd cetrbuib ancxflrseﬁmanpinesf nfch devices

80 OOMHz / 18 t al t put,
ranoRe D O IRl S G NRY Vi SERPS giReRy i
dnallofgtlﬁ[lyutClﬁa butﬁﬁmdxb‘;'ﬁ%rt}) QBGH‘& I ULRRS AN RER8&OK0 Analog Devices

rrp ement ed 3msilicon with core operatlng at
ADG> Bipthclod) Piagleaden DimctdConpsrsppinrGEMINEP R dkageciven pabkaged

witi§i Ao befl O3 AR B .48, QRETANAY 1 3 GRRPRERa: (Pese-
VQ) with dual analog input ports operating at the standard cellular frequencics of
800MHz / 900MHz / 1800MHz /1900MHz and digital output ports providing 64kb/s
digital audio, through to an Intel® Pentium® 4 Extreme processor implemented in
0.13um silicon with core operating at 3.5GHz and packaged in a 775-pin LAND package
with 64-Dbit digital data busses operating at 1066MHz,
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3 5 The common solution to the bond wire problemis to
reduce the size of the transition by using a flip

WOHIM28%fcept or ball grid array (BGA) packagBCTillRo08/053390
whi ch contacts of a sem conductor circuit are
directly bonded to an adjacent circuit or substrate.
Anot her known solution is fiJling the transition
region with a high dielectric constant naterial, such
as for exanple an epoxy containing a ceramc. Although
t hegge sahMbh BB toV\QE Bonci]@/ﬁl‘ p%lﬁcrﬂ‘?kt toRRRIcE %bsllﬁz dfthe
all cases. For exanple ese 'sol utions are not

tr cue,ﬁtfqrdm)emng anflipt dhep sewset dribat] griderday QBI(:M ga;lkegm‘,yn whlch

n the transi.tion. mght inyolve on
corfB o} fae RSt FBRA 4 et roaHe] B i eBeuflr Sibsuue,
AnbiA8r @dvat dohgichak BlliNGe Reconsh ook WiiAEeh Ut CldMant
to i npl enent mhen only a few transition
mafcrig b Sedr#sder Semple elqunmé coplaniingg a carppmt ﬁcéthous_.fluhmusghmons

enc ar as| fect or the materials wt

ol SRIERN A RRATBM %S0 or Shunht B R B el oficiont i
thcts&iﬁ@@lﬁcattWlﬂghffiqunkhgigjii@lls@Eﬂmhﬂnhhb@frﬁ@ﬁﬂfﬁw&fﬂ[?[ﬂ$cw Bf the

the above tlip-chip and BGA sol utions. Techniques to
mtc‘rl eueeians i Histtraspitighr Bereipre, Brefeastiag poluimndepmecostly and

r

ne R LR g RS R MRAORE ke
tr ccamicnt[fblSh E@hf&’ﬂtl()l‘(bb!@ﬁﬁib A 2ffectspmitht hateritevithid thetsemeconductor

. reactance of the bond wire is co nsated. 20 by, the
Clf%*&ﬁ&&?‘{tM@‘*P@Qé‘i‘“a‘ﬁ%’@“&?“f%féofBé’f“‘aﬁ@ %B‘é Fdlopj eregations i the

dxh@$ﬁ¥€& SHEGRSI66HM que requires that the bonding
pads on each end of the bond wire be capabl e of

suppearhniqugs tottader,or control grrassice flatts én bonidsire l‘,(BEﬁ.gut dtiogs have

e b ads nd increased sem con
inclyled Fbidift §BuPRing o DBERI Rk FpoRT Bior dPhttig, Orllman et
[UPPdtahtl €480 ARSI cIOM@T thk Qtbictidle &ta@tﬁfﬂi&sof £ E(fhd wire is compensated
seni conduct of di e footprints reachi ng 25nm square or

by g cepacitasuracganicn o Biefprendic] eoridnviesse baneetrssuchattcaharmiot

Wit hst.an: ir n qui renent s of ctronic
B R L R
thrdepfothr Wi merceit bertsatds@ifingsn v@‘s‘zmang& BshdpdadGaed Indraset at

reqU|res 8, 464 bond wires to be pl ace and 16, 928
semigppdysiqudle’ O%Hﬂt"Ida‘?]H?ﬁg‘%q‘@fiytmevwf\ééuﬁ‘b%ﬁ’#@ lgysb1 ovep long

di%tdn&%%ﬂ@ @&%C%ﬁﬁcﬁ)gmc%ﬂg)g%ﬁ 25%3?1%[11%41991 hﬁzc dcsu[ts in

uced yi el I NCcreas manu urlng
fragiieanteasetkocodbtbt cadfotAn tiastdnd rﬂn@tnwmnmmmbmmldcrbgmw\ﬁﬂ&uonlc

[icati 05/0 116, 013 i nvol ves
Pdcg%é% J‘[UEL@Y éﬁaémé\ppﬁme Wiy *h‘g Qopprvirg %&n] figygion as
dcp(&&ﬁﬁgpﬂlé{hﬁ&fc@ b 1%Efu1§<% 66@64 Edllkahﬁpcstlg g ﬁgﬁgéd LA T AT

mai n ‘wire bond. The resulting electri connect i on
bonddandinis ahcnwm bsmChngptosst mbt prekagdsndricniiccddettbnaie, @sulting in
a8l t@ﬁ aﬁprgac sunf%rs { ny{rgﬂg*ntqg I ncreased die
redycsd T MO ARY RSN SRS AT CE 5 ti ve areas

forad am@mamqﬂc@ﬁtcu rbwwegrarée@ dEUS'Tlsatcrft OGpiiERBNROYI0N 18D 13]

addi tional ground b pads adj acent to every
involves providing a sccond bond usmg, a w1d01 flat bond (commonly referred to as

ribbon bonding), beneath the main wire bond. The resulting electrical connection
provides a microstrip structure. As with Grellman ct al the approach suffers from
requiring increased die footprint, typically in dimensionally sensitive arcas for high speed

interconnections; requires providing additional ground bond pads adjacent to every
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WD 2010/ 020836 PCT/1B2008/ 053390 4 5 bondi ng pad
eaturlng the mcrostrip structure; and doubles the
WOHEEPS38f mechani cal  bondi ng operations. Ea&RTAB00#g53390
solutions taught by Kwark and Gell man solve the issue
of controlling the inpedance individually for each
bond wire. In contrast, VWqud [US Patent 7,217, 997]
teaches to provide a wide electrical plane above the
wire bonds, with a 10 dielectric spacer between to
boRli8Y B fedfrih ﬂfctrﬁicf;(ﬁ ri hﬁlrchu €idha lt'lbﬁbl@@th‘é@ﬁﬁﬁ%h@f ﬁi;]cgﬂgllc:dl
wire bond and the w de electrical plane. As taught
bowvh%ﬁmﬂﬂhéhinpedance of a wire bond can be reduced

fromth 50 of dlscret ond to .
¢ te BB R R RS rmgPar st e Mt Batiotgh Foling
theFr@¥dMicO ehdiN@uaMydBr &lcBBbRd Gale. R @ﬂ&a@ny@&ﬁ'dr[@tSQ*acht
32um from the bond wire. Ad vantageous t he ‘approach

7 2t1 &Jg Ak teasenipl apd dp A ovildesctacal P @cw{gw@ ffhea‘tllﬁr@ﬂdﬁ hveith a
| I it
dlcg‘cgg ST tagc‘?goé “‘?c%h tooé gO&t aff Ic?gﬁegﬁ@ 11%r ?llxg uX:Ig:r? &Wﬁ ;%{thwn"c

bortdeacihks wﬁdha:ticcﬁrh@ I plade. & @aghtibgal yﬁh@ﬂﬁ: iEpoNaict BEa Wiletond
bonds can  reduce the inpedance to 500 but not

canshegigilpgeg drant frelaporimaely 128 dfe daw @aw cwarl fto yaypicat S0Q of

on GERLERUNAND SpBN b Al Lok R G5 T Pl uRRL Gl
32deioat thamsnd wikhAgvgapcolly tH&Qafpptothtdmgﬁt\bySW@[hn@fpr&u@@ a

edance caontrolled structures is best suited to
*mfé*gg“?%& @ﬁéw‘éq Hegtrien! pba. iovdrg apbirdBrRbeiedosdl telby nagaged
Slm&ngncegqg,lphery of the sem conductor circuit and bonded
directly to the package electrical traces. It would
aI sHoWevceyW(yémﬂ ttdeats thheths tvidictlentacd pasic abdveatht artctdeds can
conductor circuit designer latitude to rOV|de

rodiide PRl (990 %éﬁh@gm@ewkyﬂowﬁ flug rihe phiprelyamad, gap of
32L§H?&uﬁl§1&%?b i Yighrof &%c(g &%SBBQM'VQHEH 1313 Edﬂﬁéd%g%cofm small

out puts-o erent |1 npedance such as
vartahens mit@veoonentthio rgapfFu\rmby theowov spaddnee ielpeditcorbetiolled
such stages of a few ohns

' | fi
*“‘h\%}wﬁ‘iul:a S SKES tp ot powh %F@f&llﬁg?* ‘t"BC“a‘UBG@nrt?ﬁ‘ccﬂuPlcb’otPtthc
pcrt‘bﬁ@@r FHRnibdndierl glr&ﬁ’t cﬁ’ﬁ%fnﬁ&i @t ccﬂg tcp{hg:’qhgkedg@ fRE:Pad

of providing control i mpedance WT €S
traces. rléwp@ldtdll‘\@éﬁedﬂldch'eﬂhﬁf l}bb alcerrenctdond tldTIdﬁOWhh‘C semiconductor circuit

furth
dos RETLFRALPS Plovit GoRl pidao BT (Refos b of RbiRam Dublnts uch as
ma}}fjbé fc@lﬁﬁéﬁ mbﬁﬁﬂdwgrﬁﬁuf)@ ogﬁﬁdtw Mrehad 1':1'){308&?&(:@5{1&?5‘;%52 and

| st allow ng provisioning of a single I t1onal
75£ébethernmtcntunmmgomaﬁw@dxtw frhpglaacedel agseiddiycuitAddel aoamadlifier
beneflt may be further_ obtained if the additiona
gaipptagsspd dﬁa\g ol apithen o MGiYlag eless BiexitRithtoans P estprt eat.

si g 01d1h@§§'€?{ &&ﬂ?%%b&éhcﬁ ?t(p{) [a%e rﬁaﬁgﬁgﬂgo\/}qunegsco%ﬁoﬁcd

si ngl'e- piece par inor reduce
impedance for bond wires irrespective of their placement within the semiconductor die or

package. It would be further beneficial if the method allowed the impedance of different
bond wires to be individually established whilst allowing provisioning of a single
additional element during manufacturing and asscmbly. Additional benefit may be further
obtained if the additional clement was capable of integration with an electrical signal
interconnection to provide the bond wires as a single-picee part, in order to reduce the

complexity of the packaging process of the semiconductor circuit, MCM, etc. Further, a
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35 conpl exity of the packaging process of the
sem conductor circuit, MCM etc. Further, a WO
WOR{492858836 PC 171 B2008/ 053390 5 5 met hod alPCEWBHYS053390
the required structures to be pre-manufactured and
including the effect of additional dielectric
materials present within the.finished device, such as
encapsul ants, would be adva%t ageous. SUMVARY OF THE
I NVENTI ON I n accordance with the invention there is
mdP VA een ath@‘?&g@x d UruRhRY 'téjb@& c%xiirlu?gc%iod é%f BPluding the effect
electrlc i nterconnection of ur al
of eddaigenal dwlcchm maicoNR @%crﬁn&tlﬂmtf&: firigtet] ddew ,Gech assmehpsulants,
w uLcFI% ad i nt erconnection being characterized by at
OMeET é’ﬁndh‘foé‘Pconnectl on length. The nethod further
conpri sing providi rgpamONerdRYHE IR N eIy
conprising at least a first neta-material structure
andltbegcat dﬂc%wdbé@ 1apcmﬂ@mtinmceiryoptdccha lmthoﬂ@fprumdmg at least
AN nfeLeen of a
o SR s RS n b P B T RR o Fisficn it B 4 it Fvice
ca(mroeédﬁt\(eiﬂ friteiechiRofid Bin®Ehdhter et 85 GORAKGH i QBch&NGtibn | cng}th
e}@cor dance with another enbodi nent of the invention
Th? Rethed; fgl%@l&omélama Previgiagpp ox ek ﬂ@uowgr Lyt conepaistngznt lcast a
fird | f J
irs }11%{%; {nd lstﬂ%‘:ﬁgg g@ﬁég{} an %&cg %p@o?{n%é%ly cél\% %i to the déﬁcast an
clcehe:ﬂ:ltmtlcmlnna:dmbe € @ phedtty OIﬁcbeth gl ialredonaé@ibhy R : dbbédst%t
east. a mtergannectl on Iengt@l;l The circuit further
pm%tﬁ'ﬁ'i‘lf]% AYHAR oo terpigTFonpgraoB ety 20 corrprl sing at
| eagt, ac@oﬁd‘aﬁ%wiﬁ?ﬁ%tﬁ@%ﬁﬂﬂo@lmﬁﬁ 'br'ﬁ{clfﬁ\?c hQFd ng ovided a
di sposed appr oxi nat el par a to th ea
Cll@'lltémmrbwlg at mﬂefrccldﬂnmctdl omcmtbnra:cpdnum‘“ai p!m;aquifof electr 1041
ectr.ical rconnections for at |east
‘“t%‘r’(’e&S%*éOr“m*%%& ﬁg'ww%r?d clPefies iaieppiden PoAe FgttRized by
at [bdit AC H@HERMSEtioM %Jﬂgtﬁ”ﬂdﬁfcuﬁﬁ@@l@dt% ﬁ)rlgﬁg&lﬂ@v& eﬁ]'{c'og&fdy
there is provided a uter readab diumh V|n
conaprisegatt prst efippt mdama@ﬁé diughyre @nchbqamgg@emcepmmdx:ﬁﬁltc
por R  c el Rl R Ge B T e uG
inteetcmatetionalfbyat inbes pomneetih@p@tich bEW: intb@ oo AR th.
The nmet hod conpri sing pr ovi di n{g at |l east an
el @ACPUERNGeRY EE FoHKE sPDEdimeNt af the urvgnmryth@:fc is pxowdcd a

corﬁ!u@&tl Ld&Ble dl@gl%%g{?ﬂgg{o' Q0 ICSIPdcﬁd ﬁécroﬁ}l %Vl égd%m n}j{lcd

el ectrical 1 nterconngction EI ng c arac

corripelasg davice fortnet, eodnpat ¢eoutiengtihe dandy prs@MAUDb Sgn@ling device
conprising at least a first 30

t he overl a
ﬁfé‘f’ Oﬁglf‘étf ey WG eRINGT I eht QgL th Brog ldé’éog ggmethod comprising
pro@RMEX 14XBE Ll dfco@ﬁ(fd@lldtﬁjcoﬁrg:cﬁ&?oﬁi ?ihpﬁééofacﬁcctﬁéd? Rl eGRoctions

i nt érconnection of a plurality o trical
to ajfpstetcrisaneeh icasichbintcatonnedsn @ingrhedeteeired neat icm;r ti on
In accordance. with

e g GRS e RE Ol GROT R & et
met8-material structure and being disposed approximately parallel to the at least an
clectrical interconnection of a plurality of electrical interconnections for at lcast a
predetermined portion of the interconnection length.

In accordance with another embodiment of the invention there is provided a
computer readable medium having stored therein data according to a predetermined

computing device format, and upon execution of the data by a suitable computing device
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conmput er readabl e nedi um having stored therein data
accor di ng to a predeterm ned 35 conputing device
WOREHR53030d upon execution of the data by a LGTHBRMI653390
conputi ng device WO 2010/ 020836 PCT/ 1B2008/ 053390 6 5
acircuit for electrically interconnecting a circuit
is provided. The circuit conprising at |east an
el ectrical interconnection of a plurality of
el ectrical interconnections to a first device, each
a cRb@EToricRRlrical AIGOMIREHALNCREHNG pRRAACTRS é;?&ﬁ’t B pﬂhmgj at
| east an interconnection |ength, and an overl ay,
deW@rqI%vy @bﬁmlp@ﬁmgtum of| agdmality ¢fi dltriqubindernatreciials to a first

appr ox ar.a
cofly. R R L B LT BB PR PR TR e el Rt Spcton
cngdhl,l maj ard vadﬂlfay ehhe @téﬂa@&:ﬁﬂpﬁﬁﬁ%@@ RASGHONActh Mhatdballs8aSte and
edetern1ned portlon i nt erconnecti on
bmll%ﬁ@f)%% BRVER SRR PE R thpﬂfﬂgt DRAVNGS | Exeephetipn of a
{ b
T T R e S

intdet@unettian lkeogthr at es a typi cal prl or art electri cal
i nt erconnecti on_bet el ectronic el enents using

conventi onal wi Eﬁ%%(foﬁ%@%CRH)HOWOFIT%%WéNQﬁe pri or
art Ek&ﬂ[ﬂﬁl@/dcn‘{ﬂcrdﬁnmg‘gf @19 steﬂﬁ(l;h &A1 L‘PMB% gLd llﬂigﬁ! in con{_} nction

i npedance“of the wre accordin
withthe feilgwing dthmgs,nat“émit he prior art approach of a

d und Iane oforma 20 mcrostrip
C bl PR Eaie2h Rty B8 RuglPr gl Tifrcopncghon bewoen B
clcétldnﬂ'ﬁéléiﬂbrﬁsuh\Fll\gc@rNcﬁﬂozﬁi'l %1@%&@@”‘ of a ground arch
according to | and Fig. S5 illustrates an exenplary

enboigi Fréhstretes theerion v hnicmd mebcpldmppdndnkgt(acqmﬂmg
imﬂ?{n%rc |3 QYL b &Y LR qgmgrurég%%gm%\d%rﬁ bonds. Fig. 6

¥ ate<" AR exerrp t"of the

et BignhtiRisiraes O FbAY 8hFrdedhlife, coldsRESQr ghied pland !o@fmm a
5. Fig. 7TAillustrates an exenplary cross-section of

micy ey iy e dinggo devail et decording to Figs. 5 and 6.

Fi Q:lﬁetﬁtllus S fi 1@57?131 ﬂ@?gﬁ%&ﬁ@éﬁﬁyﬁiﬁ?&% c{TEgQ \Q/fy[and

ta-material over
ex eff'l'gl arllpssatrs dragsempiet amhsacﬁ 1a{dnabf 1y @t’(\lcﬁb(maﬁﬁ @E(ﬁzhdﬂﬁg, B@neta-
0 .enbodi nent _of the invention placed with respect

mdt%‘i &HC%\WWW%O@%&W&QS according to Figs. 6 and 7.
Fi i 9 1ThWS4E R4S ; ?@fﬂ%@i%n?{)iﬁtﬁ& Wt haterial overlay structure

i nt erconnecti on usi WO seven | ayer
according to Fig. 5.

Fig. 7A illustrates an exemplary cross-section of the meta-material overlay
according to Figs. 5 and 6.

Fig. 7B illustrates another exemplary embodiment of the meta-material overlay.

Fig. 8 illustrates an exemplary six layer meta-material overlay according to an
embodiment of the invention placed with respect to an array of wire bonds according to
Figs. 6 and 7.

Fig. 9illustrates an exemplary electrical interconnection using two seven layer
meta-material overlays integrating both the six layer meta-material structure and wire

bonds to provide a single interconnection element.



10

15

20

25

30

35

neta material overlays integrating both the six |ayer

ta-material structure and wire bonds to provide a
WO§PH’6P@‘3F’ nt er connection el ement. WO 2010/ 0208BET/1B2008/053390

PCT/ 1B2008/ 053390 7 5 Fig.10 illustrates exenplary

el ectrical interconnections fromthe exenplary seven

| ayer meta-material overlay7of Fig. 9 to a

sem conductor circuit or package. Fig. Il illustrates

an exenplary thirteen | ayer neta-material overlay

aCCPfgdl'(ﬂgu@thtc@é?(cﬁ?t%%dbl@&nb[%tcwaﬁnéc'f%ﬁ@ﬁ 193\/&"@%@@[21}3/ scven

el ectrical signal t'erconnections are ~san
ldyb_em%mttlm ogivtay @yfég. dnetaascmatexiabr Slt(IUl[IGIl peeage 10

... 12 1|l ustrates three exe Iar oynments of a
il él* PERCHTRFTMP I (e ey &E“é%déﬁi/%lsﬁwdﬁﬁﬁ‘%fé% to
an @rhlﬁ(ﬁ}ﬂi'ntcnt\/ﬂfttﬁﬂ MyventRAGKRYEN CE)ng'lCdﬂ'agjillc{E LS A8 Sordsne

transm ssion characteristics of a bond wre wth neta-

sangrpicaed hetweve Fvayixdiso meingatcoabriruetisodi ment of the

nvent | conpared to prior art solutions. 15 R
DeTAbL En) RSB e SR e At W RS0 PR R PRy with
respdet tosd geatieshdubroFt@euit witiina faylpigeal prior art
electrlcal i nterconnection 100 betmeen two el ectronic

el efigntyilhimatanie inpsssing chesraieiticonbd baddreirpwithsncta-
h i he, I 410 has
e SR UREing P S B O B S A
‘@hpembphery, a plurallty of first bond pads 130.

ai spoBEAbER PESCRIF BN e dBDIMAN S phodyE vV ERTION
pPeripiesyd indr 1?' uisaly gﬁi&icfﬁlgg G4 Mtlﬁgpﬂtoﬁ’&ﬂgc% 300 batwccn

Bet ween each fir st secon
tWOlﬁii@Uan@m”e@m théknd\AilﬁOeisbxgn:@nvdiﬁ@nhla&ldDb@mis rrﬁﬁie&s SHoevn, the

fi rstD (ﬁcg or%c chIBgrrtq 1b%lﬁﬁﬁal l%g %{%&H{ﬁggﬁ&% cﬁ%@gg%%tggﬁ)g&sdg&x?phmy,
a plataif) SRRt RIndGRAPET0, \{%rﬁﬁdlﬁf tikH REBAELIcRRIEG Mt m 1D ARd
50um The typical separati'on L160 between the first

dispgserbuneadss sugece, 2Bsa it e siselcpmiphbyna phiedsy 0A@cosd bond pads

SO 0, B0 A5 3H4 A BHELER 1 G200, BRBDSRER: o

150thas Geel thidn Tat wade tosds sy pichlly akebeskd iR EORRBEAL 8Bnding,
00,in Fi g. 2. As shown a first device 210 having

ballhopding 195 g d pabrndpupusing Iy, 9T FORDET wop AEdiraGter o
bct@%eCQQHfi i ﬁﬁrr?zi%cl?ﬂﬁ&ﬂ Qe cfr‘%%dl 1"&0%%8/9 Q48 ﬁéPb(fn%a 45% 130

tric Interc cti el'n para
dnduww@cmhbrsitmdklas& 1f0f:)mmt0|260pfmnrst bond pad 240 to one

second bon 0. .The rallel | ayered w re bond
st atRNI5H @éiﬁﬁﬁg N Oﬁdfaf’i’@f‘ f@rﬁ?llﬁelimz: CBRpRAe he yire

bonah&cmdﬁr% s A 14aR of A1 x&t%«wﬁn 1%%&{%&%%&%% 200 B 2. As

, and fourth bond
shown a first device 210 having first bond pdds 240 18 cEcctucai[y interconnected to

second device 220 having second wire bonds 230. Each electrical interconnection being a
parallel layered wirc bond stack 250 from onc first bond pad 240 to onc second bond pad
230. The parallel layered wire bond stack 250 comprises a first bond 201, comparable to
the wire bond 150 in Fig. 1, sccond bond 202, third bond 203, and fourth bond 204. Each
of the sccond through fourth bonds 202 to 204 are respectively disposed such that the
wire bonds are parallel to first bond 201 and spaced vertically above it. Each subsequent

bond wire within the parallel layered wire bond stack 250 contribute 2 finite capacitance
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of the second through fourth bonds 202 to 204 are
respectively disposed such that the wre bonds are
““b%?&%W@W to first bond 201 and spaced vert i cRCT{B9EYE390
it. Each subsequent 35 bond wire within the parall el
| ayered wire bond stack 250 contribute a finite
capaci tance WD 2010/ 020836 RCT/ 1B2008/053390 8 5 to
conpensate for the inductance of the first bond 201.
As outlined supra the approach of Gellman et a
to EdHFRBEE Forlthei O RUFYAL 119 GATPIEX AL Budinbd §O%h tfaphREch of
electronic circuit containing the first and secong
Grejfnarceisl procagesdhe ponubewang eomplekiteamlidasi of the wiccgonic circuit
nei )erations, requir.ed f ch electrical .
co s PREERL RS R AT b8 2B 35St BF e Borle v
bowditfopdietiodliédupled fRQAdh EREicaEERAGAE N Whe o BEGSed

bonding. 10 Now referring to Fig. 3, illustrated is
footpient spRssimed ithhihs myddpc dpndifoss coos pdsvath wedsiheddiskane
i nt \RECE | . £ q.for 1 trip transiti.on
7SSOSR LRA00 i, e LRl IR S
grogied ipbac 3itbrcanitdetibn B&( tobfornml a peidi®sB4Qrasioh 376 hedordIBO L Kwark
tﬁg§$ 345,'gnv clos§ &roxiqity to a second, device 320 _
c Ry Ko et duia S pausthdny bend radctivdnditbiatbbopaads 345, in
lod3prox FRG oM bRt ansiitk QL h 5 AV € n
ooy AT FEOT R AL O BRI LR g on
paB3IG SwEadh raicrasbipotansind <860 ribiet ween: fandstSoricblan frstcbond pad

45 d I bb d 335. i cal di menpsi f
YR ER BRI Pa) g £ en EoBibane Biden Beridben pititingnd
sechd Wessh Mdrys sam gl 10 O anih ks th CHARS S8 S m%gﬁil%g tlﬁégﬂﬂ?{)b‘ill bond

20m although standard ribbons are avali
3601 go o belwaar 2000gm! APk apd ddcknesses bxiaurph uBomdi2igm,

ARl ' : ured by, Kulic nd Soffa |Industries, .
o PR O TR B B G0 ey SR e o
exafipdd Bomding Rilton SuRitacKied ky Bhlidle dn@@airfa88dusiidst Fok e
bonds per required bond wire 350 and i ncreased

Waplygetigni Fanngxdvaibe bl e ith &rcingrectish meprp Kavasdnelt 4l irdstydnas

: Welg : . , SNe e bond pad
o 0 R0 SRS T SR8 R0 BB
wirpaoisd fR0:dntbbd4 Boodpat fob uaeds The Fictilkathic dbHO bdktEpads 335 and

reducti.on of bon d pitch L380. This limtation adds
155 b i uERE Dbt T30 sl Th0GonHeer grimtaton to the
redhdTRhSTBOAA PAI SRR 6k 1iTREHBN SRR ML Backs og Kwark over

I nterconnections. The requirenment for nuﬁtlﬁie ond's

Grofleranfonidnpimentiof ckwastkcdamgedanet bomhwirpirgsieotedtialnove
anel.i orat ed w

infespect of Eigs. .2 and,3 i [ d, v ]

or oL SRT Lyt RideUrE 3306 e ber Pig o Bk aﬁ%g} oin
predesited aBBELINQtsRQFTHAIL 2403.is RIS EIBRIWNGES 018in LR Bird Sure

not shown for clarity, upon which a sem conductor die
4004ze0HiEg tH&eriand Phewd Is hbascod a packdizs goSalc wpoimder of which is

f Vi ond,pads .420. Al so djsposed on the .

o SHIERE Bt B BRIEE0R Al 18400 PEREE s\ dhevine
dispgs@alinshnfitsan e codovaRtiodd padkSR0. AoCRIPIRE M thi stilFeccIed base
4035 are package traces 440 and ground planc connections 450. In common with the other
prior art approaches outlined supra the semiconductor dic 420 is clectrically
interconnected to the package by wire bonds 430 between each device bond pad 420 and

package trace 440,
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prior art approaches outlined supra the sem conduct or

die 420 is electrically interconnected to the Packa ge
VORI E%honds 430 bet ween each device bond pBHTABIOSHF390

package trace 440. WD 2010/ 020836 PCT/ 1B2008/ 053390 9
5 However, now di sposed over the wire bonds 430 is a
ground arch 470 providing a,capacitive correction for
the inductive inpedance of the wire bond 430. The
ground arch 470 has di sposed on its | ower inner

sur Haeeva, fbeiepbidiovi8le Wik Wn§¥ @E‘@ isShQb MLQc}PE?d [tﬂ‘?viding, a

ground arch 470 to the wire in the event
capgesige e gcoian der thi Gl(i}}ﬁ‘@‘{mldlmdm@&ﬂﬁﬁw wire tatdatiinEint grofind arch

0 | ect |
70 B8 BbSPE0N KRR uBRE SRt AE e Piferd stil af the
yo@@d‘h ahte 17y &0 EH@Q%}/C &ﬁ@l 436311 ARt &dniSHRIcRor mtaf?ozpéﬂﬁb g%uﬁggich 470

npedance_ for th bond, as opposed
or dgticRnt efac gfﬁl@lmad 43¢ Hl“iwmourtdwech g”e(barcmcn mtlxmwcd to the

d 0 dth nd h 470,
RO O SR JEB A RIS IO
imgREOYdcder tﬂlh%ifﬂjdnﬁt ¥ dppobdiith BN AbuTHlcld:f @ JP&% 0, the

wire i npedances sinultaneously, does not support
seppigkion pite0 bendeiptid Wwiockndohié cwittlm grotubarth 4V@mt3ﬁunm’—\smfoicd

die 410 t
O vt G S R A S
wnS Qﬂp&ﬁﬁ@ﬂd@rﬁtﬁ[tcﬂm@u#ﬂ}l Gocamst sgﬂ%‘h MQlipRURRe é;tad Y&ENor sQWthin the

I npedances, which for exanple are require
foofpingp CHA ReBiconductarsiied H) @Hc%hewéwcymts@m ipendwct ﬁmd

distgﬁé’c' f?(ﬁﬁt %@1\@@1&/ o?%hﬁ%ﬁﬁﬁfg Elllg ﬁ’gﬁ%@mhn !Tgp[é)r \écry low

lmmddreme ijhdf for exdraglc mBNtOfcd BentcR6EM: eildmE high frequency
roviding a solution to the drawbacks and |imtations
seufifoh o oo ahih Aslov i sy 1 o % Gl AmgyifiGBOvithin icrowave
Mcoyerl aying an array of wire bonds 530. Simlarly to
Fig. 1, a first device 510 is shown having a
pl u4s8$ti0hyh@xf~'n fri FigtS bandxq@aglsrys@hodagcmef theasvatisgdand

o S 0 e BBt TP
ovcﬂ@ﬁﬂﬁﬁéx‘f&‘ijia&@n&%ﬂ% z‘?& of %c%ﬁ&n%wgﬂgllﬁ élg %'ﬁ"&é %"‘é‘% 510

WTe Overl ayi ng the array
is shogvry ey inget plupediteef Grst bwariady SBE@s Mtasprsowxdelsvm 650 with a

e Cc t wre.b
ot B8 FRE ionf B lel’ PRUTSIREOH b8 5980 ¥ i hieiince
confi@eddtolone ofl@hsist@hdilang phdvaouga a TR URHE30BORIIading the array
overlay 560 is one of a plurality of naterials tl%

of vgreebapdss p Hfhisdhe mcirakatcrineovsilgn a0 det piomidssidia dapmazyatas
A behave, as (?ﬂ

Con%ﬁldﬁaajérﬁ rcr:lggtuglhﬁ tﬁmﬂgb&fg} %%bg i II%{]P%CgtrSéIC *af @1'9 evm ob a0
1mptdmac¢ aabts ¢hm¢mned1tazg1ﬁwmubtﬂw mytaaﬂedcm)eﬂ roﬁ&ﬂ%t}i 360ty o of a

the i.nsul at or seg It shoul d be
plurality of materials that arc designed to make the signal act in such a way as to make
the shape of the signal behave as though the permittivity and permeability are different
than the real component permittivity and permeability of the insulator used. 1t should be
noted that the relative permittivity and relative permeability include both real and
imaginaty components, that is éR= ¢R + j ¢R and pR=pR + j uR. It is possible to design
meta-materials so as to have the signal respond as if the permittivity and permeability

have ncgative values. The meta-material within the exemplary embodiments, such as
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noted that the relative permttivity and relative

ernmeability include both real and i nmaginary
‘g N8It s, "that is cR= sR +j uR and |t R=1i RPEI/IB2ARENF3390
I S poOSSi ble to desi gn neta-materials so as to have

the signal respond as if the permttivity and
perneability 35 have negati V8 val ues. The

neta-material within the exerrpl ary enbodi nents, such

as WD 2010/ 020836 PCT/1B2008/ 053390 10 5

mdBhRtdTRl §6drRY SGU S5 LAY éﬁiQ:mc'm?’%%n@ﬁcrt@ngﬁ MRNsu®lior that 1cduccs

conductors in the insulator t reduces e resonant
tha wspunsspinse hethe iline onmha h@m@Qm@lnanmmcomaﬂdhydmﬂnmmg,m are
et a- mat |aI desi are replaced with other
icDﬂ%tcngﬁ]tﬁ ?Ia{?(’tffé’%"lt%ffid bugh current approaches to

| MpeUanEecUFRhE b igadhed 1 iBPcRRRE Hd‘ﬁ’c%dgn?@%{‘ﬁcﬁtti\Jctlmpbc?dncc it

al so possible to use negative inpedances to perform
is glyppasaifbeionse apgatiyc HﬁDCdIZHCCStt%IWI fmmnmcdaicc rowiglties.i A. F. Starr

ct ilh\%h[c'\rlg%’ﬁf Q/a&) f?e cgd - Eba‘p:a 1{):]1at g%l 124 68§ dNCé,c%lVC-

r a\c ive-
Rcﬁfﬁtttafcbmtler Catpdsifehyisia OdhicRelyi lHWszBaM@Gwélvl 8102 1 (RAR420@f) of
t he Anerjcan Phy5| cal SOCI et whi |l e there have not
th%@ﬁrlwwys@glgw i ls ghar %%)/\H*chmt b e gaeetedpaths oward
thcrﬂ%t’gﬁ ok RQSe \Aﬁl%tcec,cftféc\/@c rf?lgf-)éiﬁ)cff' a{cﬁf)rﬁ Gl &pvc', 3 rigorous
negative, a rigorous oach is to desi én a matf’erl al
apmhaxﬁﬂs &l %tgm cmpteriaf \t/howctcytl(cep)cx randvip@netd Sagnetic permeability

erneabi | i 15 i ul t anequsly nega Wi | e
(“)tdﬁ%?’gm tF‘éCOHéYl{’ﬁb%dw"’Cngﬁﬁ‘Fé‘qf d@é@dﬁrwﬁgwﬁaﬁf&wugm&dwmwis
or &Qﬁmﬁlxldﬁﬁjﬁlai B@ﬁbl?%‘imulﬁhﬁco%'sl%béﬁ%g%h cg&‘fal@cm

h, such materials can provi
desegried de DWI@ APdtidR; amgb)L, di@rdpmecd{ froro nffecftf\eomdrmn reglinumms,
bot h, negati ve over a

Wh}% Ihgd”t‘ gl 1|y 48 § \A@CV%W?QD et EJ%I“%’?( g CWASHBHS pr esent ed

supUalik O Wil ghd 4, plésﬁn&ﬂﬁuﬁlﬁﬁﬁﬁm qu 'tl‘% m@t\é%h@ﬂdi%@@:lﬁ %O the
20 permttlwt‘;)/ ndﬁgerrreablllt& the wire bond
POV i AREtFapibit gatltic\mndlﬁﬁ stinfngncediin owigatve Hlecctlon

allqu\agﬂ%?ﬁné)ﬁ %}3&% k}f’cmwru?cg 0 bﬁ elfbsgglgﬁ@y ag:tt Ith%'nl%ﬂ if
reqhE & PRERG g0k FPAEHARF ob! d‘d@@bchﬁ%n%d ®irP8hY SRPaNdeta-
meta- material overla 60 conpared wth the ground

maigrighoverioy 660 grioniad siBrhsgioued uck 44901 gloamﬂd@hlsmmn@ 400,

t to,be e
and V\ﬂ@ﬁél’\l}é?@ﬁ%ﬂ?{g ﬁﬁtal: igggﬁ@S 10 gr%g &mprloeygdgv CICVé]nd ]wuiggz(ond 530
is required @esnudn HostAng 3ckHn 8 BOn@ patis 340 ahd 586 pRGHEN®C OF location

tion wthin the sem conductor die or package.
Wltk@ftg § FSOHEORIYCer gic @ PeplwR is a first exenplary

NT1 QAR tb?‘:f? FLhY&hLYE ﬁﬁ?g@%hﬂo%@y‘&d'“&% KQ L& Ydtn?ﬂc%O suitable

t he net a- e over
for @mlchag tHegmeta- rnmnfal guaniaxy e ﬁFr@lSaArmbeutcadSLO A6 e h
te 61 pattern of .conductive 30

n the substr i
confabiiish s el Apbifn e palngait 6O iEbReisat pf gonductive
matcBAURS1.E1 & §lo8%) arbdped 5@5011@&%10 squarc-circles™ 625 that arc

hereinafter described as rectangular-like shapes. Such shapes include but are not limited
to, rectangles and squares. Also within the substrate 610 is a pattern of straight scctions
of metal 630 and a meta-material conductor plane 615, shown on the surface of the
substrate 610. According to an embodiment of the invention consider that the substrate

610, and thercin meta-material conductor plane 615, are 14mm long in the y-direction



10

15

20

25

30

35

herei nafter described as rectangul ar-1i ke shapes. Such
shapes include but are not limted to, rectangles and
Wosﬂﬁg‘r‘zg@’ Also within the substrate 610 is a PBETHBIPS/ATB30
straight sections of nmetal 630 and a neta-materia
conductor plane 615, shown on the surface of the
substrate 610. According to 1@n enbodi nent of the
i nvention consider that the substrate 35 610, and
therein neta-material conductor plane 615, are 14nmm
and BROHE dd1Ba¥er /
B S e e R S SR Rapmirneauch g the
wigdong hélof Bigeﬁtﬁamtiallmggﬁmﬂm{tcdmnm ssfuoardficttons senbhnce

Nee, W 0 of | h
po i i Beretien Pefr ol R B lsaRbao! ovnau ik
shdpe oSS B o@PkabRAY G fBARhayRAERY thd 'I@Ig,ﬁttm tﬁ’é mtea%dtm fal

 engt hs of the rectangular-llke shapes 6
Coréiéﬁtﬁar)@br eli. é)r(t@rrell x;ﬁlme tpngﬁyofr’rm mhyammh@nhleumgﬂm@fplmesls is

or
on [FEGSR5 FR O o, PREHTLRL v B0 SRt Tiar@hBeetbgar & ign
thcﬁmfﬂmce;gﬁfrg,hdtc‘ttrsmm rftaltd’e haagta vafitht Jr&hd\rc&ﬁn@%dmé&%pcs
or a quarter fractional division thereof
635 thndhigrebedisiang s open Fasteapuleatkershaphs 6 hieastmamc wfnature with a

«“ | : e i nent, th
i T AT
by acertuator t»daithmiéﬂelrrhm ahd 2orkiuntor eacknesd &SN, Gapt 45 and 650

ERIGMEL e Tater L2 635 bel g Sharscter g, bY.S e
6152tﬁfl':lkn@@9§2ﬁf}§ ﬂﬁ%§§IQn1-I§s Yﬂc‘iﬂn@tcﬁ Qﬁstf Lﬁﬁﬁ@@@(ylsﬂ%{:df@ gold,

shapes 625 are 0,2nm The neta-material condu
COPpplaiNeﬂUmeBmtﬂuiORWB@YIISSC?@md fidre ametgdl ofinmatédiilsincluding other

rial .str ure 600| typical l ol d, copper
e Bl Frinpe EoBE s Bpors Tae bRy if wdmatemariget of
str tﬂﬁﬁ@é@(ﬁﬂﬁym&ﬁly@lmgﬁl &4 h&istarlTel R sctiii) @)lsma,lulzlpyssblérﬂﬂmmrdc
conductive polyners. The insulator inthis
triagipe 68 hpteaini aaresinsampleyadrie £609tyips coypir c:éﬂdr lymimates Giv civeait
si stant thernosetting resin such as bisnal ei ni de 20
t7i azi ne (BT) resin, a resin enployed in glass type

Cop@efosc}-lk,atﬂrohﬁimmﬁbes fitQrx@hplet hetaDRALES subfdtrate 700 is shown
ectional view of a first exenplary

in Fﬁ%t Zf FFE}F SFOSEPCigndl ey Bcippalang thhigHon |Ari\ fitgef rrmeta—nmﬁceu
sub§tf: ﬁ@@ﬁ@&qiigpo(Fafll \lﬁtitjcﬁ‘(vnﬁ?dt ﬂgb@'s&%ﬁg 'Qbh?nagf ogﬂr s multlp[c

net a- nat er trate
layare? 2. hayerl @556 Uhsttrgmtmdqmﬁxcrmfb d&r@uﬁxbmtttﬁ tm:tn&ﬁa ﬁﬁltcudf
(755L1) is a groun

795, L
CO“{SN Cé?féﬁt'@dzléé)&%f&’rs%ﬁﬂ" PEAT ecfﬁé%@nﬁrht gougg Pldé%%(bbtpécr“d
layd9|25('7§5L62:§5m@|fiatF i md@n@ln%O'o? 1%51:1%%&13(‘1&5 Ldygofl(?%@g%) is where

ground plane 730 is placed ayer
the ratrrsrzhtacqtr@gs nﬁtnerdrl AP0 &Eampfcnmmdrmmln kln:essta rhzagrel s@strate 700

_ tion f metal 720
and SR e Pl 05 4 D8RR b b i st Pavlafoo
matédd 755 1adye 05 ZEBIA telu@lks al-@y@lpctheht/@hAdltic 2oRNRINET2S that

100m thick | ayer of insulating
form the concentric recfangular-like shapes 625 of Fig. 6 and have a thickness of 25uum,

Upon layer 5 (755L5) there is a further layer 6 (755L.6) of insulating material 750
of 100um thickness. Thus, for an exemplary embodiment the meta-material is
implemented as the addition of two metallic layers 755E.3 and 755L5 into the

conventional ground plane 730 (755L1) and insulator material 750 of a copper tape.
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30 material 750. Layer 5 (755L5) includes an

arrangenent of netallic conductors 725 that formthe
““%@H%@ﬁ%%ic rectangul ar-1ike shapes 625 of Fi §CTBBA053390

have a thickness of 256m Upon | ayer 5 (755L5) there

is a further layer 6 (755L6) of insulating nmaterial

750 of 100mt hi ckness. Thuq for an exenpl ary

enbodi ment the meta-nmaterial “is inplenmented as the

addition of two netallic |ayers 755L3 and 755L5 into

the A3R ey %Bbcﬁﬂﬁhts%lﬂpﬁgu&ld%n gd(iﬁgncﬂ éﬁﬁ%@g &'ﬁ%lcxity are

i nsul ator materi al a copper
opordy mg@%nu@d:w b@&ﬁ&&h@ﬁ@ﬂ@@d[cﬂl@l \'ﬁbﬁd aefitainesuch alternative

d d ddi.t :
o BRAIakR Ay ated o BRa it fetebaEd Bt dor g ol
coltRbRr FRIETO@bn 84! hﬁhfaﬁhg ma%?kd,i Q?c% ﬁé’d‘c’%l A rtc%rdﬁﬁﬁﬂc\é%clow the

enbodi ment is presente as neta-materi a
sigBalpenduptes W@@B’90havu5ﬂlgt0é mﬂt@naﬂctum}ﬁ@dwm@ ophemei7QMares is

dcfgr{lldaﬂl ({ ﬁﬁ'gll%\!‘:l ['ﬂg? %gﬁoglb ?{ngpdwcghgh%arcarﬁqor}ggllogi gzgt "N5E

<m¢m%dﬂfmﬁmMCture 760 havi ng concentric squares is 10
defined. In contrast with the previous enbodi nent, the
squbite8 dpstates ficonsmpfarh sigay ca istngatcgal Wbﬁfsﬁtc 764 deplayed

et bl AL AT £ 6Oy Bh o AUE 1B R DB Blcr v

r at epl o e accor to an e
respdug td avardyi cffnmmazmnmteh@comahgm aL @\m:rrﬂca%hpm@ﬁﬁh stt hcwcc 510,

e BT DR T B AE SO0 eV 3 E0conIsICHEg g Wtk plurality
of %b&{@ﬂ)dl{dé’)dg‘t 510 rE%Eh thnlg f@ﬁ%n@?&hs B9 i¥Y8Ldias) aﬂcé)%ﬁgc?t%fjto onc

device 5 [uralit second bond

of thastrood bt)lhiépéfd‘a r5§ﬂ Vthlth v\pla:dEmB 200.i1s pédceof thicanadthynaterial overlay
ads 540 via the

h b
RN N LR TR

lay&EB5LBRF @rsukitiRE AReGial 190, 3dper 19918 cdBkBa n@fttﬁé h#hngement of
substrate 700 conprising, 'in listed or I ayer

metpB B EneFcionddd.dey g Siat of inaw dﬁ@mdﬁcaybﬁo? BSLS755L3 including
Str dgg%]rﬂg O?gf %gtg l1?0&,‘ 9%@?0@1[?“ z}%g)ﬁllgc?ti:lhdé 73,@1%1'(1'1%3{01 75511

un%§&cghamemh%5588 |nclud|ng strai ght sections of neta

720 Layer 755L2 of insulating material 750, and | ayer
755intthe Fgmpjary ﬁélb@ﬁwm@s peasREd gD hey e emaleBpigivarlgy (such as

ma?sucﬁkn%% TGRS B ?. SGHRL @ gﬂaf‘e @@%Mﬁg@@gb ?dgefg;ég h@Yely, the

mets et @vfnriccyrmay]bc nhpsiembond ss a écbmﬁlbrc’taildcvieday;ntézb@lnc%on
ta-material overla ng be .i npl enented as a conp
Sucggéc’vrlr‘&a%ﬁlcnﬁ it @P&f&ﬁ%ét& MCI%&WC&M&F PatigBHEEl (P‘@“CW* 910
andSROWROVille &drGrol1&d d8h& GEYQEI Iu@&’t%&nrﬁ@ﬁ%l [RUEL) &
overlays 910 and 920 provide contr ol I npedance
integdomoeational Adentdengl prahevtiaona fiok dericayddwith a plurality of first bond

p SATEPLISEN) B0 SEEP LTt S 59
Interconnecting the array of first bond pads 520 and sccond bond pads 540 is the first
seven-layer meta-material substrate 910, which consists initially of an electrical trace
tayer 917, wherein multiple clectrical traces disposed within this layer replace the
previous plurality of discrete wire bonds 530. The remaining layers of first seven-layer
meta-material overlay 910 are: first insulating layer 916, metallic conductors 725 in first

conductor layer 915, sccond insulating layer 914, straight sections of metal 720 in second
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pads 520 and a second device 550 with a plurality of

nd bond pads 540. 30 Interconnecting the array of

““%%4%%”%%nd pads 520 and second bond pads 540F{¥1B3gs/053390

first seven-layer neta-material substrate 910, which
consists initially of an electrical trace |ayer 917,
wherein nmultiple electrical j§races di sposed within
this layer replace the preV|ous plurality of discrete
wire bonds 530. The remmining layers of first

corRRYRN1dyayer3, tl tﬂﬁilﬁmﬂﬁ‘ir@ A rﬂ!ea[ﬂdak\/gn%ﬂ@orﬁﬁi@tmédﬁ@@lf First
i nsul at'i ng Iayer 916, al'lic conductors 72 first

scvea-lawh et opter lawlbst%69 1@ bosonldngthd Yl Asuffigidnaipgro@ddcoverage

of B pRHb e R e SesBt B b8 5% v EREGRGlTSY 1 ayer

913 Aldohhbeln in@ub@t iven-lB¥emcRlBacAND2D] SMahgtk OIYGHAEL
pl ane 911. First seven-layer neta-materi al substrat e

progictys Far cepncetigit for romploseledtiied! dnercornagtion bekwceny rsagend pad
52(9‘%&; ﬁ&:c@ﬁdﬂg(ﬁld \}; %ﬁ SQI) A{)fgﬁosntaﬁgr}fic 3&HRY %\Rﬁqg dci} 15%?}9)}[ lrkfil()

respectil I'S Secon even

hasnet lat-lasm;tie [hoahlcﬁﬁ@;,s @impoeitigh hand92¢but it layps OV desugh 916
knterconﬂ i on fo[ a single electrical

With KeSRPC O HISH SO Bl taNelene - r’f“}t?‘é‘t‘ %Bnﬂubworﬁié%@mﬁwad%y

chﬁ@c"‘s%‘ﬁcrﬁ@ @anﬂ?r?)tigf}@ ag&tcl)s‘?lg%l)ﬂi% spdcl ﬁl@&&fﬁqccuons rovides
seven-| ayer Ferla] 0 has var|ations the

spepifi Cdkn@ssith pofrpositd; onproaitds bpogdid mf;xadcutchehduagltemﬁ[cg Teta-

ect.to the first seven-laye
malg OV L e e SRS Sk i Bremae ARt Graeistics that ar
diffeRAUAES HBRITIHR fiGORS Rl PmRYnaddiRA®I ng only
speci fic interconnections; provides specific

ban8ig eiempirey Sorcre ke mc@er-rr}@tcwiscﬂal@ a@pé)@Dw(puncmlpeeuanmecnt of
clccq‘. &l %%% rd[% osgds wnﬁ% c? ciLr;CdFEEC%r I ?015392?@19 gﬁ:g@map traces replacing

arac CsS oOr erconnec

the @tsamcwe bﬁﬂidscﬂoﬁ hﬁhc arg andlbdcbpd BHId pIRHD ARG 84PfespRBvely.
rst seven-layer neta-material 910, The exenpl ary

Slﬂg@{ﬂénﬂ’f? sigay! B eRR T Bl SCOEES &lvgrgabinieserineesionte at least
onc &ﬁ’&%ﬁ Fuxﬁf COII@JC Bblagéiyﬁtzlﬁhdg?%d?fe @??1?&%}1Wséc%h@ devices 510

ectric trace layer
andrSéﬁl Bodnmgar ytdlpgiodbhmrtepﬂ)v\id1n@tfb@oﬁ@iﬁetﬁ%)mtbﬁohzﬁtﬁtlﬁmuf f8ém the
% seconq bond ads 5& g O respectjvely. 20
CXC@P FY SPeY-1axcR g1k G’ﬁ%ﬂ“d % f:pPé% %@@W%&W@@ut or
pacRARGHE IRl e rl@°‘?ﬁ@§£dnﬂﬂa1§1%@&1 -la %Ctd %ahc;%g 1&[&@01‘('11\&’911011

ground contacts provided wthin at eas I rst
1008 ecehos ndenti wepccs kicroandc6806. 108R Arthloagly |8@F.oaches to

onnect ions .fromt
exatirstg & B froRg b oha Pho oS FER Goma g piy Big i
shotv@ oRciSBELE AMHAHE bad, cth&rCRtkE b pdaagb ag ecc@ﬁ@b&{hofma 348,
Fig. 10. The exerrpl ary seven-layer neta-materi al

compai Bg@erHEsttioon 028 oneGobstEie HEWN The thcirielgact [ctyot 9 17 is

00C err

sho §h E o BEE WS b ebih YL e ek iAo sler by
stdnﬂl@l techni@lomehevgs doaddetdr ddhenchnpiadideel 3cbeid drbssSection

Bond pad 520 or second bond pad 540,
10008 shows a first clectrical mterconnection of the signal conductor planc 911 of the
seven-layer meta-material overlay 910 to a metallization 1010 on substrate 1020. As
shown, the direct connection from the metallization 1010 to the seven-layer meta-
material overlay 910 is a via metallization 1030 which forms a discrete portion of the

clectrical trace layer 917. The via metallization 1030 is clectrically connected to the
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conprising netallization 1010 on a substrate 1020. The

el ectrical trace layer 917 is shown in contact with
WOLYREE381 | i zati on 1010, such contact being i REFABRHS/EH390

by 30 standard techni ques including conductive

adhesi ve and sol der. Second cross-section 1000E shows

a first electrical interconngction of the signa

conductor plane 911 of the seven-layer neta-naterial

overlay 910 to a netallization 1010 on substrate 1020.
sighl coRM6Y pld® 1dith@aEL § ANREDWARCH LA iliBugh first insulating layer

nmetallization 1010 to the seven-layer neta- materi al
91t caydm@ liger § 14 sgcorst iabu litirat lom 91&39©cm1d| whdaemsya 913,

& electri trace | ayer 917.
m“$iﬁgl bR aPh? »gwdﬁagguwglgf@% |caIIy con%ected
to Whevma&mmm&as tPEE 1820081 OFBEAhct $4mDIShGRAl by
conductor plane 911 through a via 1040 which routes
stapdiy irghniangssiich psenthegchgpray e forgwmgon of yigtl Oé%ﬁmdhmd is
(,onllﬁ‘&f%qc \gflt}?u (ﬁlgt?yo &8{1{%1“& HJcﬁltqu(g; flof:’%? b? Fcﬂtl ‘F (%g t‘ﬁ @C_]_an"l%eé meta-

conduct or a er i'nsu
masan 1gh(aI01 lap Bd0 eft orapinanetadd hscdMiehiw | It@c Iﬁ&toa{cﬂtddzlﬂindmg (Y039, An
|l.izatiopn 1010 contact is inplenented

to
ditc%@cgﬁatg adifné:ehq.f thesveaar gg}taog}@qcpﬁ]éa/cglabpb() ls-ph@wn with third
crobQETREA P00 Whid 1%91%90@@:0 Q,Et r!(lbtgﬁlqcltl 0?11 o ag'nt)] cpslﬁphﬁcd

with i ndustry standard tec nlques t'he
mfctﬁ@OItllh@i(Bleibet’hCI‘saylef cangtictor plabed | lalAsmhewh,ay ildd Omasdiment the

var i ant hin tape gutomated bondin
sovf e mi @ iRTE S Bl rmRS s P R LG KA Ay 17 o o
bondgfad-1080 8h haLb@Wer 180 iQACmdnScSHAMR kA i Mot cross-section

cross-section 1000C, which renoves the via

1006¢¢ Zhe pizaeliconduem anstids Fatigpr hegitenplindtingcproximate to bond pad
10 1'()”&(5 i ﬁl%%&ﬁ%&sg@%{?g%c th'?les > 't%wﬁa lWi%lo nfgé’/lcg%g{ogﬁ 835] %rm%:gl to

mtdﬁamacm’hef d a[,nﬂ\{)ﬁ{nb@ﬁn@ ﬂ;&i L0¥0eTERMMekbendchen &l 8&dddigal
trace |layer 917 to a bond pad 1010 on a substrate

stanglgpyfechpuguosapiiers tBeseinrariding intgennqstiphef ¢leetyeal trace layer 917
to b?)ﬁ@ §d ?@ﬁd 6L9pncdlagﬁ8’6‘bu (ﬂ)%oﬁél%ﬂ%lu&%&géﬁ%&ﬁa}g&b ﬁ%gde%:

er than term nating proxi‘mate
bonﬂmguheﬂpmevaw$otan3¢§ect|ons extends with a free
regL.on 1059.forgg% |nterc nne thh a signa
pl ah}é’ BEHE 9pag™ @C“‘f’h*ug‘ “‘l‘i‘ﬂ 9 ét‘f‘r BYFT 8 S{rgpdaxsr gota-
matéQalSthamgay @105%'?&[1&%@@ 01%51‘91'8416}1%0? ad?%lellnpcf QWi %)fggl rdlgjcglcnhdnd

i nt erconnection of “el ectrical t ayer
therplyd renoin ol qumemmutpioa ,scmuitc wpt ibomdsl. Irysanmcinstedess the
ressgon wed d|n or. o her varl nts of

or .
TR oA A R Rl R TN A
inteBdoXndRYBE irOFroBIAM BN Ry &Fer IR L Gt 16@5&&&@'1ntckBﬁndcﬁBﬁseévcl which
|ncorporat|ng the electrical trace | ayer into the

the pegylay ligs prerfgyitva tosiedse RBDIchSloabiic prerbiyi aleptiidaé traces. Further,
o LIRS0 SNSRI B
of tha dvircdippddageel e el eheshsliGaHere an alternative overlay implementation
i$ appropriate. In these situations a [3-layer meta-material overlay 1100, such as shown
in Fig. L', provides either additional shiclding of the electrical traces, design flexibility or
relaxed tolerances.

As shown the 13-layer meta-material overlay 1100 comprises a lower six-layer

meta-material structure 1155A, clectrical trace layer 1110, and upper six-layer meta-
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interconnections in proximty to the overlay, or the

ectrical interconnections over which the overla
‘VOPPE@ngpé sensitive to noise coupl ed fron1theP6b%$%éVh1”0

el ectrical traces. Further, in sone instances the

tol erances for inplenenting an overlay or the absolute

magni tude 30 of the desired,inpedance reach a

threshol d where an alternative overlay inplenentation

is appropriate. In these situations a 13-1|ayer

maPRhPstREEE] AlsSBYERE A¥vcl 1000y &Yoo Bt ROWRLctlr® 1Tl fokhed
provi des either additional shleldlng of the electrica

fromrfasieggnad e@tictylntof blxre bl §ilthA, dirst m*ellfcawgdaytomliéﬁﬁﬁ@estlalgbt

hown. t r ve
seoBR bR 720p R ol BT bl Sl aphing tver
1 1591 AUG tdieliddhlfctorl BStiA kEdhd LoRRRdr @%’%[ 1 135kG.A aR@third
er six-layer neta WD 2010/ 020836 / 1B2008/ 053390

. upp
”“TSP@:WﬁWéMﬁé 08tructures 1155B. The |ower six-|ayer

e B L SHELYGR AL Ry AL oo

conﬁﬂl&BLﬁ]Anc $t35aji@hfour$1&ﬁ‘tu ang [ofer MeS HL2E 20aipht feeligts of metal

conductor, layer 1155 UA, .second insul at| | ayer
T2 SRR T (el bonliaB: B8 BBUDG et bt LdEmiaier

conldﬁ&’tﬁfs 53R lﬁﬁﬁh] Qndudiby 15.9(:1 REE M [oF Jtﬁyn%md ffﬁg}ggf\l- 3%9613.

he upper six-layer neta-nmaterial structure
f or%@ughcmlMMOmdiasy gnbddimconduptolic ¢dpdmenchl SehatiosBor cach

our sul ati.ng | ayer 1155L2 strai ght ectlons of
of (i et el e GRSy e a s rastliciag P bonds
bcme&ﬂdz@bbmdﬂ@ys{ f*ﬂaélﬁﬁi%amd@wd& hﬁclﬁ@{ﬁg pot QJtSth?e% th N

fourth conductor |ayer 1155L5B, and siXxth insulating
scmlgy@ipc@gg@mkdgwm mgﬁg@@tiqm@c@x@nﬁlltawt;mmgm metitsaterial
t _sce for,e

ovell lﬁ? 1S con? UIICaI?O B%/? Cad)r/lSOVﬁnc\ifye X Céﬁtf lcﬁt gg%lﬁ?lénd:c L(P]nx C@?B%C&ltwnhm

the @otpréml oA dYghc b gdee s Bela bR WREBrcl TGP eadhpmﬁq:p%y @Cfpfoymcnts
first and second devices; including but not Iimted

of agigpip U BHeNird CEP b with papkad e scawgorpyi«qcm strogif pithina pdckag,c arc
.shog«ggiri ?S’m 2 3&%(&@%&% Y1260 th“&lﬁ@ Rberial overlay is

to providée an over to electrica
i ntiéirs ornesddtions 2 s ﬁqaeusi awcdrario whchen hoodtphiandriabbvdihe

em conduct or etc ee such exenpl ary
121@3&}}(@3‘#@ PRITS S A e R e AN Wy H“%‘éétﬁ’écﬁ“t
lefthfip& @ﬁmm@@\u{?ftcp&l&n E‘l&%ovﬁott gh&@fcﬁ?gﬁgﬂ%ng 63381&%9%“ the

in Fig. 12 Cross-s ct| ns 1200A t
righiupgar sorfmislemctuaun Pb2IORA S5dePi A5 such tbe erarinatevihlerveitmy 8210

nmet a- mat e overl,a 10 .l ands directly ontg th
ford i MU et S Bt i AR e i SBer bR b
1210R 4nld92 1681 appRP&Ras Y f R0 BLOA K ccBvE bbikdivire BAE KRGS,
not shown for clarit and term nating on the 25 right

subsipipey peiiof @€ éhedength e¥th|crb@u¢i wiggacRaye B B.cxsmpRiactrosshe
sectitil ?Zo'ﬁﬁt cﬁ:rp{c?‘! th@ % d.-m)clltClIall overlay 1210 forming two arcurate surfaces,
alternative embodiments may offer three or more such regions to provide the requisite
impedance control for the bond wire interfaces cither across a single die or an MCM.
Further, the overlay is optionally shaped prior to deployment according to the
requirements of the design or shaped during placement and bonding. Also, the meta-
matertal overlay optionally is designed to not inferconnect to the upper surface of the

semiconductor dic 550, but be spaced away with an air gap.
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forns two arcurate surfaces under which are bond wres
Each arcurate surface 1210A and 1210B is

“”HW&W%&? tely parallel to its respective bon§CHIBBOSBF390

for a substantial portion of the Iength of the bond

wire 530. Wiilst this exenplary cross- section 1200A

depicts the neta-materi al o%?rlay 1210 form ng two

arcurate surfaces, 30 alternative enbodi nents may

offer three or nore such regions to provide the

I equinSilfefatil FRBISNGRNCABLIeL "?r{c IMP&CP OPg cWalBurfaces to vary

interfaces either across a single die or an MM
dﬂPUﬁﬂhéTm%ﬂH@,6¥%ﬁhdﬂbn@pwpbnoﬁ&mhMcshmnmdomﬂhcmztmsm&m

to the requirenments of
orei R T RS TR ot B Do o g R aurfaces.
Aldoheh i t-meratn@fiéral] oQMﬁfyl M 094 10%@43'&%1)! &y&eﬁb@nﬁﬁcﬁﬁ overlay,

not interconnect to th uﬁfer surface of "the 3
suclawis Boladerdnep-nefiteriab gger icb’ Op @ltcgp@bf@@mg{;\dy bui ctrh nahhraltch to the
_ 6 /11 08 0 16 . .
YL ESERE, FETL TR kS5, Mg v

mcaFoukateoveHa aoesnd e Varyyer M@hﬁtcﬁ@i &@rigpsigo.on, such
portion of the interconnections there is a

th f
si ﬁéﬂ ‘&%l&f Torsatcetiqut3098ethgmatas mafcgie] gteray | B} isiaspis cmployed
for tn'ﬂ?&ﬁm@é ﬁorﬁx‘@‘?of EJHd%@:r&r?Wc?w nCcHJ %pg §LHFICE%?§lec§JMﬁ1%tOI die
I's shown as a

met a- mat er | over
55Qsdtr}d- [Icﬁyted ughlt wpamtueficad 5 dveof ca%cuitwclt‘ag__,a,alcﬁ hh’mhﬁﬁ(ﬁ?rclcu ity.
eri over|ay 560, altern /es |nclude but
T e o perB o e (05 LEpER Py I Do which the

Xeh AR REHR | l '
OSSR} | K LSRR R RN, 8P 0o

surfpge pﬁ@ebcmadm@cr 250. J\hedzltraiynglme 123hveacalyb fsets the meta-

a3 1 A Do R T R TR oD BB Sy i iR of

the 5@;@@1;%& 1109 AUpRIEr 28 B Lmngéon%q%@ @,rfeuﬁécpaccgfcﬁ% t0
550 and left and right upper surfaces 51 QA o

stangharGiantic BRIy BIOCRBES BRI angy o&dldmtrly mamafsrv@dmés,
dcciglgg%qh@xfcq vﬁ rﬁnq% gf"t%%qn%'oﬁd ot ??AGU élrl e?}?oglﬁg%}cg%cal

upon
interaun@cconne e:ltoedggrrdatdsr&iucﬁoh ahnk B ﬂicfrﬁﬁa—ﬁﬁtcﬁiid[ 8€dr ld% i§ MaldB the

er f the sem conductor die 550
a“fr Ega‘i”??g 2§8n y@?@@%@ﬁ g’él“’l‘cy lapfipg geng 2@ 1@%@% silicon dioxide,

t8fiqal r AVEL ke 0,
TSR DB RASHUSE 1370,
me@GAcaﬂdﬂlﬁﬁﬁchgamdomgbznmdowﬂaﬁwkaa@mmnednﬂmﬁa&mlng

0 st ndard seg1§onductor 8&? ges froma range of
N PP M 4K 17 Cearspsioal200C JRe Bk gfetiyl qusgay 1240
dgdﬁﬁﬁb‘hﬂ@@f@\%rlﬁff fdrBe REM GODGHCEAA, di 1§1n§§193 @1{‘@10%'@5

an el ectri cal i Nt erconnection to theé si ghal condut
surfaceahld Aopf thieirerst pacivegce v el sconmntiegtor dic At eni IﬁOItrh:Eht wire bond

.zone 1235 T a s.for the | |
40BN BGG ur AE: WP i oa TR aE RS piskus. ff Fodfhu o
firstSankdi s@@fhdmlsbét[dﬂle 1260A An@ M2 @GS meta-material overlay 1240

hi sbenzocycl obutenc, gold, an
provides a single arcurate surface, wherein the left and right surface portions 1240A and
1240B are approximately parallel to wire bonds 540A and 540B for a predetermined
region of each, Hence, whilst meta-material overlay 1240 typically does not provide as
controtled an impedance environment for the wire bonds 540A and 540B when compared

to the meta-material overlays 1220 and 1210 of first and second cross-sections 1200A
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25 alum num each of these being optionally enpl oyed
discretely or in conbination. Now referring to the
WORIYVHIFoss- secti on 1200C, the neta- materi al PEVAEI48/053390

1240 again provides an overlay for the left wire bond
540A, originating on the |eft upper surface 510A of

the circuit package, over s%n conduct or di e 550, and

for right wire bond 540B term nating on the right

upper surface 510E of the circuit package. In contrast

and on’@@ felfcstiv@pdns ﬁﬁ&@g?.%%é SEEGh RSt J;@g%me comPRBity.

the meta-material over provi des a sin
Acerrdimghit e sxerfipery, dopkwn@nhcmbmhﬂnemttm dinckhir dgl‘ﬁss-semfoadéo{)c

A SN I R DR S L

thcrfﬁgl A8 s8fon8RESs-sEBIGE 1 20N Lif 11%%@%%@&&19' overl ay
1240 typically does not provide as controlled an

i mp¥ganeErery/foridansrbetore shee nwimelabonusulsd3Q04ndths40B

t {
ol RS TRRE R IR I B e IR L et s BB bR lions
andhlERRDBEE P ihBARRE8/ DBRFO0ire WithIn@Dehala?QDBverlay. For cach
respectively, the formation of the structure in Situ

10*‘145@%%%%%@%% PRl gCeIveaed dredinigifyha dlectasad igrigpynection to
cledfRl Q}f’hﬁﬁf‘%@[}l{??\?ﬁlgﬁ/ﬁt 3 L%, Jsecglgg Ehgglﬁ L9 g&gp%v%%%@%% this

prese

ratib ijpl eesieglt discen: @ond wpiee, flarSoanedorty atda)a&mgﬁo thelpeiof hit,Sthich
and.second crpss- gctl ns 1200A .and_1200B

esserteliE prqNidnsy Qi fegrading Hgnyysonyof thg clepisical igfescogRestion

witR BRI gl SRy ﬁcﬁm;lgﬁzg@d]_f} Rss tﬁ;ﬁhcl% SO@NE Th® WA fength at
characterlstlcs of ectrical intercornections

appaedmain 3 oHizox 28 foss ot ytpronsatchn4GH zeaiodiBripas atof

N t he |§§ﬁ§5¢§n a bond wire wwth neta-nmaterial overl ay.

PPEGY ™M Sult the ratio of el ectrical signal

I ec8dcvsd cavc t BE) ﬁl@ﬂ; r@é 1&!111% Bk @inngcCﬁal S00ALERSRNORE fch O
to electrical \?jna ap is shown as a function

dCC@ﬁ*ff&t@qh@mw arpoffWyknd E@E\P@tcm%@l’b%ﬂsﬂtmls a gratnidarhois
pla(fbd%vﬁlg h bgh(? %t%tv»%tlp OP&’;ﬁl@i{onc In cQl ?lggll%? he Wg%: glggt%&:q)ong wire,

esse

the kd:d@ﬁ&b{uyzc dego &tﬁp@ gpiiroRingd|$ sihenlyafntil Q@I"@ d@@ttiﬁdrﬁfaittcns outto &
i.nt erconnecti on th IncreaSIng freq ency, havi

maxifh Lot gprasantly, SO EONG i ST I Rfhird curve 330,
wplggcg{m ta@%ﬁ%%[aé (?g_ﬁc’,d[ $t&dGhl R85 QJCOFCHE%R)X%&gYmem é)f the

0Ss at approxi nat e
invcmililoue‘\fhb&ﬁﬁ)dmm—mdtdnmi oeslal tischipoyal &IdﬂgjLﬁcﬂcﬁl wilea 14,500um

re.l th 20 accordin o the prior art of
bonagw )35 ol éff?e‘ca?ewrﬂ'%ﬁﬁfw&w@}%ﬂﬁ Q0 GRS APERTi s
appRL:RGLEIyOMBY 2t DRSO 0l ML B Gh dect}c@bg todci RLESH J{Jp?(i]xnlnﬁltcl 0.6 %dB at

contrast to the single discrete bond wre,
4Gldzjrve 1320 drops approximately |inearl y until 2GHz and
tLens out maxi nu roxmateX
tly
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evident, For example at 3.3GHz the third curve 1330 shows a loss of only 0.75dB versus
3dB for the discrete bond wire in first curve 1310, a 2.25dB improvement; and an
improvement of 0.6dB from 1.55dB to 0.95dB when compared to second curve 1320 for
the bond wire with an electrical ground plane.

Numerous other embodiments may be envisaged without departing from the spirit

or scope of the invention.



representing an exenplary electrical interconnection
accordi ng to an enbodi nent of the 25 invention wherein
WOL012883¢at eri al overlay is enployed in conj uRET{IBH08/053390
with the 14,500um bond wire. Now the | 0ss increases
approximately linearly to a maxi mnum | oss of
approximately 1dB at 2.2GHz ghereupon it decreases to
a | oss of approximtely 0.6& 4GHz. The
ef fectiveness of the exenplary enbodi nent agai nst the
CLRiMy art is clearly 30 evident. For exanple at
3.3CGHz the third curve 1330 shows a | oss of only
1. 0. 7B8dBcthed suspri8dB for the discrete bond wire in first
rovemne rovenent

rof IS R b Lo B R Bt R B B bl s Bngle L CH o SiaBiiggtions

to £HFY 8ei&2Qudtdicctlihe 119&’@9111%? & M\‘hﬁ@cl@ﬁd&él £L4 'B&%@icast an
gr ound plane Nurrer ous ot her enbodi nents nay’ be

intespRanseidlcngthhowt departing fromthe spirit 35 or

nven dan 20
proR RS ubhiseltg, ENE B ma Rt RS2 RS e o sty and
bcdﬁ)g aipelicaapploxlreasly parliel ©ahs adalst hintIBEEieNNeetciectbn 8fa
lurality of electrical interconnections to a first

ua*éw e%clc%eaﬁ igrEenpqclars foptiderdamedcicaminggipagion of the

int&Gact &l .48 by at least an interconnection |ength;
an prOV|8|%g an overlay, the overlay conprising at

2. I eastmethéd acbrdimy e-al@trer ivabrest, ruct ure and being
y parallel to the at | east an

@gﬁi g ap| rOXInHIﬁ
Progic P Ot GRS NS R COMPESeS PrRIGInE g/lcgyt a continuous
con@h@c@? fak/G8lndi Jﬁi@iﬁ&ﬂ@oﬁ)@ 'tﬁ’@ﬁlcfc%lc% drGasihe mecddlcd thcrﬂn at

predet érm ned porti e |nt Fconnecti o
fcas? on@Aisobitdtbebnducior off gutaditycdfEbonted whiedueions. provi di ng
t he flrﬁt met a- mat eri.al ructure conprises providing

Cat ol m%@%BH?”ﬂ@dﬁgnl%gﬁﬂﬁE¥or | ayer and a

plodﬂdﬂ{gQﬁ& Eb@inuedLEondhSr erﬁ[:n‘?s‘ét f)i(ﬁ/lclugg’ 8l cBﬁ‘tYﬂLﬁgs eaRReded:
therein at | east one isol ated conductor of

leagspne af ditaerornd putnitbdt e orafastoingd plgtc.nwcllngtdﬁhditmg.
4, acc n‘}ldtuﬁ‘&j 3ok HES‘c?aIMG c;ﬁfn provi di ng the continuous

con or conpr es prOV| g’the continuous conduct or

pro@idingl thaskectoingl iofer@hnectigh aui dvotyeddid pidses Z{ﬁbv@]m{, a single
predeterm ned potential, and floating. 4. A netho
“”ﬁ%%%rdlng toclaim1 mhereln provi ding the el ectri cal

. ISp;@@%&%&%@@@%@%rmdﬁ?fmr 'ses providing a
providing an clectrical interconnection of a plurality of clectrical interconnections
comprises providing an clectrical interconnection terminating at least one of
approximately at the periphery of the first device and within the footprint of the first
device.
6. A method according to claim 5 wherein,
at least a first predetermined portion of the plurality of clectrical interconnections
terminate at a location other than that of a second predetermined portion of the plurality
of clectrical interconnections.

7. A method according to claim 1 further comprising:



structure. 5. A nethod according to claiml wherein,
provi ding an electrical interconnection of a plurallt
WOANUY8EI0r i cal i nterconnections conprises pr@@ﬁﬂpﬁﬁmﬁﬁlm
el ectrical interconnection term nating at |east one of
approximately at the periphery of the first device and
within the footprint of the fjirst device. 6. A nethod
according to claim5 wherein, at |least a first
predet erm ned portion of the plurality of electrica

prdv’fﬂlﬁé GO ORRGTL 0N unac?lrd?]cﬂ h‘lﬁslﬂ b af1ch@Gakd D ? n?%t!ﬂn‘?r{dt& D8Bructure

that of a second predeter portion o
dnct)b@nzat{hpqscd @f)pt@kerwtcrly oadaliphbeh@dmscftl RS onivectidn fetah odst

n to cl urther cor L g: WO
dm%%? §%mﬁéﬁ?fﬁ éﬁ%%V@%@@yﬁa Cﬂﬂgviding an
8. underhadod bE@rdRCRs di@n TAMBFSI Ng at | east a second
meta-material structure and being di sposed

proxpinpticriaediyy updarialy ©1d at deashan deadideal igaiconnection of a plurality of

r. or at |l east.. anot redet ned
otel s PHERRARRC AR kP Bl 80Pl Sh i BT B
9. accexrrdcthgd herotding 1 claiwhBt@tiin, provi di ng the overl ay,
underl ay, and at | east an electrical interconnection

progding Bﬂce%nﬁtwwat%ldéwmpwp PIOvIHRPE Biripiese PRopisthe first meta-
ma&?ﬂp I 'ﬁ%ﬁ]—%a% 0Y bk régp: @dcl%x ﬂr%c?l {Aﬁﬁgl%aﬂat t%qhg‘ H slt‘ ?ntcﬁ{ ﬁxﬁtc%dl and

according t
an@ﬁnmmdnnbmhmnhmeﬂméhwwmnnmhmﬁﬁxprOV|d|ng at Ieast one

of the first ta- nmate a neta-material with a
lopreéé?gLﬂéﬁ%ﬂ @$5¥¥%ﬁ%LP§°Wﬁlthe first neta-material,
plo@ﬂﬁlng, Ac %@El%%ﬁﬁfdﬂ@il&/ éﬁrﬁlﬁrlsct; Eﬂﬂq& afl | bﬁsﬂhc ﬁlbt mota- -material and

ta-materi al ccor ngtoc
a scwhed gicty- mptcovi dihagirt the fiostendtaynadatti is aosmatidtyd wahprﬁrstes

t st the fi a-material
preBG G S Bon ol BR Mot biwitEh Bicfiei g e At Sesagt mote-
mafeia B SRRy 4 fecand predbterined g eioRonagd p‘PLQﬁE!yQ‘JT cﬁfctuca
the plurality of electrical interconnections and

““%%%ﬁﬁﬁﬂﬁéta- material is associated with a second

I]pregqﬁgﬁ &%gmmgy Eﬁgmpf%@ plurallty of electrica

i nt'erconne ?%od according to claim|

pl()mmge(ﬂ’kﬁ firpmoyvi-giangial @engises provetise fate cdd-maemar haas:
providing a first neta-materi al haV|n% mat eri al
mdﬁswes'pi?ép?ffl 85 ScrckeiaiMpig Ve A 5o cakrharasiorisiical the at least an

cleGRANFRERbhRSn Of thk BR Aty W@ BRELRRY interconncetions, the clectrical
characteristic sclected from a group comprising impedance, propagation loss, radiation
loss, frequency response, rise time and fall time.
12, A circuit comprising:
at least an clectrical interconnection of a plurality of electrical interconnections to a first
device, cach clectrical interconnection being characterized by at least an interconnection
fength; and
an overlay, the overlay comprising at [east a first meta-material structure and being
disposcd approximately parallel to the at least an ¢lectrical interconnection of a plurality
of electrical interconnections for at least a predetermined portion of the interconnection
length.

13, A circuit according to claim 12 wherein,



el ectrical interconnection of the plurality of
el ectrical interconnections, the electrical

WOc’H!a‘V‘EB’E &ristic selected froma group conpri sPR§B2008/053390

I npedance, propagation |oss, radiation |oss,

frequency response, rise tine and fall tinme. 12. A

circuit conprising: at | eashpan el ectri cal

i nterconnection of a plurali Py of electrical

i nterconnections to a first device, each electrical
prdviti®F GRINQGHL QM DE N Y l?(!?é‘l %Btn [iL(‘,Zs O\m{m@ c@&satcoﬂpnuous

i nterconnection Iength; and erlay, e over
COllébﬁii@r layengdat dicleaisic layof:j thstilchaetl mattl drvial cmbt:atrtﬁtuhc&cm at

di.s 0s e teI arallel to the at
oo 3 PR PRE ST PP BE R SRS ot ural ity of
14.el egtdidcGRrlhcddMial COPBRE LS QMSrdQr at |east a
predet erm ned portion of the interconnection |ength.

ptoygimgAthé CPRiIueuR eRsiugion gomprissh alavidipe Wq:@oeitmtouv\@)nductm at
1 I dj the fi
SR INBL ORI AP

predeintibinedpsenttonmdel @tridadly &olant a dl electric |ayer,
the di. el ectrl(g | ayer. havi ng enbedded therein at | east
8

15.oneAjcdshisper &&U%lt“é'? Lowhareglhurality of isol at ed
pm@f?inrggut% @fo%tucgtl"'t cA:o‘ﬁ' &H)'n dn@%‘%gxriaf}}s&ggﬁgm [%1%{/1@1 4 single

wherel n, prOV| I ng t e continu or ¢
mtqm"cdvdmu@gnehe conti nuous conductor at |east one of

eI ectric i.nter p.nnf%t gd to ground, electrically
6. nt @rUEH EHE & Qb e §8F%SH N ned potential, and

pto@idﬁﬁ;t dnl Cﬁ&!ttllydl '1@&'09&&@&0451“ a ﬁuf;dlﬂ'tﬁb‘ir &c@ﬁ&@'ir%x%@mtcetions
claim 12 wherein, providing the electrical

comrtsey promiféns doeicetriok! onvtercoayectompringesing niokeisdiongof

app t'»{‘l%ﬁ%ly th?tfgtv\#]}facf; gd{:ﬁlt B“%t\#a iR én‘gwlt@tneth? f%ggfnat%‘t: %ccpust device.
17.1 nt graonoegbidny &f cl@nPl gihatkicly of el ectrical
i nterconnections conprises providing an el ectrical

at least e fisbireeicroined eprionaf isglemlityed sicchive! ipterconnections
tcrr@mﬂt&{ﬁ i?in ) Etﬁ{;t}’o@ BEHRE i, Fgf{l%cg d ér{&ﬁ%tfgtl rrrmsaéd ;()joeltﬁatct: %fAﬁ]C plurality

int o

ofod:dcntml tnt@cmwcckhmg to claim16 wherein, at | east a
m ned portion of the pl urallty of

det
;%FFE‘{E‘E\?C%PG R OgnHacta é’g@“ f@rfiSHE e at a | ocation
ploﬁﬂmﬁr&n dakidhale thfdgﬁ esi@(ﬁﬂﬂgmﬂ%r f98kex mLHE(?mB%rr{thtgﬂal structure

he plurality of trical 1 nterconnec
and bcmé disposed approximately parallel to the electrical interconnection for at least

another predetermined portion of the interconnection length.

19. A circuit according to claim 18 wherein,

providing the overlay, underlay, and at least an clectrical interconnection of a plurality of
clectrical interconnections comprising providing a single integrated structure.

20. A circuit according to claim 18 wherein,

providing the second meta-material comprises providing at Ieast one of the first meta-
material, a meta-material with a predetermined relationship to the first meta-material, and
a meta-material other than the first meta-material,

21. A circuit according to claim 12 wherein,



18. Acircuit according to claim12 further
conprising: providing an underlay, the underla
‘Voéaﬁﬁpp§ﬁng at | east a second meta-nmaterial sPFGEBYPR05IIN0
and bei ng di sposed approxi mately parallel to the
el ectrical interconnection for at |east another
predeterm ned portion of theg,interconnection |ength.
19. Acircuit according to cfain118 wherei n, providing
the overlay, underlay, and at |east an electrical
provitli®f GRRRESLJ A1 RInafy BhHpR L Yov‘?(im l%‘?stﬂccﬁlst meta-material and
i nt erconnect’i ons conprising provid g a single
a s¢oone grest-edtosinl, wdictnie the X@st rmt@1mctwtcti i%s@ndcd]yltha faktai m
orel g Bttt e aBE F AL BT e ot fhgsggond et
matGil BlsiatociafedWiiRa BRLEN haldctwthifcd p@trti%Q@f%{d'ﬂlﬂ%Qty of ¢lectrical
relationship to the first nmeta-material, and
INtGHEQIECHRANST | al ot her than the first neta- naterlal. 21
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prooidend ty fiasddndth-anadrlay caropiych sRS idIfiON qutmxg:t@tndtce@shdwlt):e
first nmeta-materjal and a second neta-nateri al
rmaliHaF BPRCH Res ISk P b elortica) ahagrskuisha o blow ksnstan
céth&ﬁﬁntc&%ﬁ%‘ia@ﬁ g A Mol o‘?@lcg{ ic E\%t&ééﬁ%@é&l&}{ tﬂé lectrical
el éctrical interconnections and t secon
Cfldn@t@ntlabclcacﬁﬁsm @becanpiisis mqmdmmbcppm@egmmlm,d adiation
[ rt|on of the Iurallwg f el ectrica
‘”7 ECAPLEHABPLI SN ESC Brc and Blltiie -+ according to claim 12
23.Whek &b puRY SXHdEHIB eheldlfn hdist st%ﬂ@h%ﬁlﬁdkﬁkc&‘a h2€sS
providing a first nmeta-material having nmateri
pleiﬁt@p@md esnpéingcicede fcomdman@veomwoeuw of thal’idtd by a suitable
cterlst el ectr
coinP BT Rt nta PR PR o§enSef Bl Rarovidea.
comgis@fgconnections, the electrical characteristic
selected froma group conprising inpedance,
plob«dm@aﬁ Ao ¢lepigcal percantiestion oﬁgslumfhrt)eqﬂ@ﬁ@ycai e@tp@ns@clions
to drf'1 gte a(\:/%ﬂ %l(%ﬁgéﬁg%l'tcnﬁdnnggﬁoné gx ”Eg@@ggcalz&? g¥ 8t !gdst an
1nmpmmdaﬁemﬂbm§mcmdnputlng device format, and upon
éecutlon of {he data by g suitable conputlng devi ce
Proy g Ay cBY Pty apwlﬂrlﬁ% ab leeh Adbetimga-anassrad irgctyrg and
I Ql Lol
b oD NS R PE M1 L it Aeh iffkconncction ofa
plueligoafrdlastical ntt@rcornsetsifons ledsoa axcﬁctbsnmddapmmen odeh
ric i nt erconnection being characterized by at

lnmﬁggg?ngﬁqmEﬁ?erconnect|on | engt h; and
24, A computer readable medium having stored therein data according to a

predetermined computing device format, and upon exccution of the data by a suitable
computing device a circuit for electrically interconnecting a circuit is provided,
comprising:

at least an electrical interconnection of a plurality of clectrical interconnections to a first
device, cach clectrical interconnection being characterized by at least an interconnection
fength; and

an overlay, the overlay comprising at least a first meta-material structure and being

disposed approximately parallel to the at least an clectrical interconnection of a plurality



providing an overlay, the overlay conprising at |east
st nmeta-material structure and being di sposed

\Woéﬂﬁwg%Pﬁately parallel to the at |east an el BETABRH}/033390

i nterconnection of a plurality of electrica

i nterconnections for at least a predeterm ned portion

of the interconnection |length. 24. A conputer

readabl e nmedi um havi ng storéd therein data accordi ng

to a predeterm ned conputing device format, and upon
of @X&A RBrcBhndchENIRE & DYt @ pRddicl-ARlRd pSRIAWY 'tfﬂzging:?éﬂnﬁ@ctlon

a circuit for electrically |nterconngbt|ng a circuit
lengks. provi ded, conprising: at |east an electrica

i nterconnection of a plurality of electrica

I nterconnections to a first device, each electrica

i nterconnecti on being characterized by at | east an

i nterconnection length; and an overlay, the overlay

conprising at least a first nmeta-material structure

and being disposed approxinmately parallel to the at

| east an electrical interconnection of a plurality WO

2010/ 020836 PCT/ 162008/ 053390 22 of electrica

i nterconnections for at |east a predeterm ned portion

of the interconnection |ength.



