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WD 2004/ 080138 PCT/ US2004/ 000715 5 FORM NG
ELECTROVAGNETI C COMMUNI CATI ON Cl RCUI T COVPONENTS USI NG
WORENS0SU1ED METAL POADER TECHNI CAL Fl ELD Thi s P@m/es1000600715
relates to electrical articles nmade from netal powder

conpositions, 10 as well as to nethods for their
manuf acture. BACKGROUND Patterned netal articles,
such as printed circuit boards, have many uses in the
el ectronics industry. Printed circuits may be made by
appl ying pressure with a heated die to netallic
particles on an_adhesi ve-coated substrate.

Vet al
par t FORMING ERELIROMAGNIEK ((OMMUNLEATIONCERGUIT
bi nder, ENT'S: GSENG UHENS B IED, M BALPQYWHRERy e
| ayer, heat and pressure. Printed circuits may al so
be produced by enbedd TECHMNGAD FIEEL.Dr anul es m xed

W t MTHainveti el festB leldciicaPareitled naldB fidn@metal powder compositions,
heat - sof t enabl e substrate. Silk screening nethods nay

asayedloasiie meshadstier thpis ani{agiiie-es of organic material s
and conductive particles to substrates, and
conposi tions including netall o-organi c conmpounds and
metallic particles 20 Bé;CIﬁGB@IBgDs,i | k screened on a
subsg rat e

adh Seitr\eixérged %egalge écge%c,j 815(%1 eltcso ] CciIi‘CEJ}ilTI)iO%Idg alliatv éri?ainiyglgegs in the

Inaers 1 n ese conpo

eléi®nie Hdue@PAdREhRH Sirbilits BAEEE fa@é by appiihe préretreWikedlheated die
with metallic particles, reduce the overall

to gpsriallie particley o fan pRkesiveeenated; sHBsteats cMietal paticles mayphye be mixed
ot el VLSRN DRI & CLARNLE SRRl Olyer bt and

pressuiel Quingsd didoitt nayaso epdodiead by esmbhidihg 2ndueteeganulgs mixed
eratures. SUMVARY  The invention provi

tenp Y des an .

Wikh £ BYOBZREHRTY Y Al dBiR ALYl iopable SHPSUGHF- 2B sEreRRgancthods

mhy'Ako bOLIR t8hh lgrmiflﬂlrrés & or%.ﬂ)‘?c RbtefBIsGnglcerddctic@barticles to
conponent s of "Bih el ectromagnet | ¢ . communi cat i on

substratesi, tnd edmepasitions relobngimetalloergati¢ eompamdp pnd estaflic particles
densified netal .30 powder c osi.tion. The i.nvention

miy ot e Sk TeBpA P AT LD W ATS A 40 TP PR P S
t hat THeO dNBsi A8t and 't £AREbih8erd REMER: @shdsAbnd bR RO Ehductors of
and optionally at Teast one capacitor plate

eledtieity; pach|When roiged el mealiippattislss, sflucetibe avaral aendugtivity of the
re%ulf{;% %H&it/s;%ggl%g 8’[t h{g%%% %E%)éb%}l&%?f@&% cglgégan}’(\:'h c%gneploﬂn@stis limited
to specific combinations of materials and particular substrates, and requires high

processing temperatures.

SUMMARY
The invention provides an article comprising a conductive pattern on a substrate
that forms all or part of one or more electrical components of an electromagnetic
communication circuit, wherein the conductive pattern comprises a densified metal
powder composition.
The invention provides an apparatus comprising at least one loop that forms an
antenna to absorb and radiate energy and optionally at least one capacitor plate electrically

coupled to the loop of the antenna to tune a resonant frequency of the antenna, wherein at
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| east one of the antenna and the capacitor plate are

defined by a conductive pattern of densified netal
WEowdes0180Nposi ti on on a substrate. The conponedit/ESwH4/000715

this invention may be conbined with other conponents

to formmany functional articles, for exanple, radio

ledst Hé/aﬁt ta fd'tf;@&ap%eua Ste gféa%q ned '69<avaanau§cu$€b§tem of

I nlays), resonant I so known"as
densaﬁedlmntaépb\a&kﬁl c®mpositian @marssbnmnqaonent s such as
ant nae, |abel s.praoviding direct ct,, cqnnecti on
e CatppaRgts g MY Sof risyehescosbRes b GFEE FomagRents to

fo&l?}ﬂaﬁp ﬁhdcﬁoﬁaq kR, 'félieﬁgﬁlﬁiee?ﬁd?d frequehéy ideRBtitR10n8Sas (also
fuses; displays, sensors and the [ik The invention

knaiva@s BthiDlmle}SS)cBHﬂb taé)nlssreecbnasly@belﬂéalwbnom asnwlsmancmlahdS)

io 10 fre entification.

haf AT e BROTRRR o0t HUHe oAb R VicBp R GG aqgpgption to
intbERAMCHitd, tieRdts bF &Rl RRich eRALSptidnINY Bt Sin il BicalcRdaits,

area to produce an electromagnetic Tfield and a radio
battﬁrmu@mw disgllaps.i sensoas ashihe dieler coupl ed to the ant enna

the ra

t r ety AP ef AR sAnE RPN Rsaft s sPEplR g racio
frelgiéndyadémifichRSHISREYN, tBembEdtionahapprobald dnSenttdhh B6Eb1&Y o radio

conductive pattern of densified netal 15 powder
frequersoslentifisaiéon wademseximate the ﬁtoﬁ?’fg@taﬁ@rwé&%ﬁﬁ?? an eleg@omagnetic

I

fleﬁc{%f aetl fﬁgg) ﬂ@%ﬁﬁﬁéppllﬁﬁg&fl g ??agig@o pregﬁg tll’le aetg é\gelotﬁle
ant¢ag teecomipaitatefvith thy %d%ﬁré@empldedﬁﬁmtmheﬁg I Anleﬁst @rportion of

theft in retail ,stores. The_invention makes

theyeiq fipaneney idpRifiradion tag s falinsd RoherRdPFye R?éﬁe%?frfleaﬁfled metal
pogx@blg%%rré@@%ogtcﬁeef SLfBQt'i‘BE eﬁrc'érpj'ﬂ?er %Hgﬁél%atth@ ?nveﬂh@ﬁ' ﬁ1a§ 8rov1de a

es are genera I nexpensive material s

. resomontilakeel ppbBéd tosoncontairedfwuhail tl@rlrtalckzign§ ofctetaglsgoofipand used as
edgnple f|eXIQ#|It¥ ecific
. palip e B rdsotsi BB it e RS rhe

| NV erdeliNeeniBh B{%ﬂiemlf)o%l@% %&H{ﬁd& ﬁﬁtab%o‘ﬁ@%tw@'ﬁﬁﬁ&n'oﬁl paper

reqU|res a m ni rum Adunber o rocess steps and
andwmther ceinpressible esbstwatesr é”d}gserselb@txattqrseare genapaltyl mbkpeasive materials

| ow. d '
o PR §8R55 L0 B0%A AT 6 GPBBE IR s Ufepiis
sp¥difi€ BurfR¥ pRsperfad Cardlyeabdit bﬁrebfblﬁgt BB invdhavehReHodings be
circuits, |oop antennae (al so known as coil antennae),

pegfopatdatdp easigince lfcr@ﬁw&smn@lm@@ﬁn@&% pf pegess steps and materials,
dogg R&%&i‘-ﬁ{e GXtI‘%&l@a%; 1"31[12&4 &t ?Cﬁ’f’ gg)r E (ﬁ'ldsrﬁlnkﬂ&\é@g%éess waste
junpers), resonhan

as resonanc
and@@ollstion. vi as, resistors and el ectrical connections
bet ween t hese and ot her conmponents. 30 The details of

one fermplisot spsBlelpmHea compers WhichimarPearadatyt thisdpygption
artlelle&ﬁgal &‘ﬁﬁ ﬁ?&?@n@ln% ga%\éorl&%\ﬁ% gﬁ%n@ﬁﬁgé'),' dﬁbbl@réntennae,

tures | ects
connectors, connector pads, capacitors, capacitor plates, bridges (also known as jumpers),

resonant coils (also known as resonance coils), vias, resistors and electrical connections
between these and other components.
The details of one or more embodiments of the invention are set forth in the

accompanying drawings and the description below. Other features, objects, and
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2 WD 2004/ 080138 PCT/ US2004/ 000715 advantages of the

invention wll be apparent fromthe description and
waeleawiosrgss and from the clains. DESCRI PTI ON QFCT/US2004/000715

DRAWNGS FIG 1 is a cross-sectional view of a

hydraul i c press used in an enbodinent of the 5

i nvent i cro vi ew of. t he.
ody R e, Pl e PR AT RS LRl Bo% it i Rings, and from
th€endugt i ve pattern in accordance with the invention

FIG 3 is a cross-sectional view of an article

follow ng the capture of a conductive pattern. 10 FIG

4 is a cross-sect DESCRIPAIONORDRAWINGSOf a

hydraulic press used for densification of the

capthlfed ivoergsrcsactieng aiavepha hydr@l pressauspé irspreembadiment of the
of an article including circuit elenents. FIG 6
pI ot of resistance as a function of |ine weight

for mapels Sei8sd-seati6sal Widw of B8 PREfaube PRYS b MEs. Pakdt €4 Med to

15 FIG 7 is a plot of resistance as a function of the
cagtymt aé@lqsm@%%mﬁt@nugwwr@iﬂnceo\éﬁstheunmmm FIG8 is a

pl ot 0 i unc i.on

appl FIg}I_P Bsre{é é@g% ée%go%q &‘1365{ ?fs &h ar91 llérfceﬂl(?@ ng ué(a Of & conductlve
patigiestrat e vol ume versus nornallzed substrate

compressi on thickness. 20 FIG 10 is a bl ock di agram

i || U6 4iS hefossnsesiiena visw of apetéion oba hadiaylic press used for

or docunment and file

de&r}%ﬁg&iegrre(%?ﬂé %&EB%%EQ?’?#%% ate an exen‘pl ary RFID

t ag. FIGl ks alﬁrmeeﬁc@viswrdf@hmc]le el direy ¢iomust edrasitdgs
IRQS IchI t(ﬁa' | Iggﬁ? %glsetratggei ngtho-@g) EDéy[E'glg ; PTz{pg"\'substrates with
coan@P&kgﬁ&ﬂjh@ dengsited onto all or a selected
part of a subst r te 3. The netal powder conposition 4
may KlacT isdeplbt ofaksistdned gedunstiaul ofpbe appdied presime userkfoal
partjcl.es suitable for use in the netal powder

nﬁ% 1? GiP% ncl ude copper, tin, 30 nickel, iron,
st eelIG. PlisAH p16HEE ncRMHIEdALIbstdtd VElhmed9 nGundiRAGS aphI¥d pressure.

and the |ike, and copper is
FIG 9isa plot of normalized substrate volume versus normalized substrate

IHV%'I% 10

compression thickness.
FIG. 10 is a block diagram illustrating an exemplary radio frequency identification
(RFID) system for document and file management.

FIGS. 11-12 illustrate an exemplary RFID tag.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
Referring to FIG. 1, a layer of a metal powder composition 4 is deposited onto all
or a selected part of a substrate 3.
The metal powder composition 4 may include finely divided metal particles. The
metal particles suitable for use in the metal powder composition include copper, tin,

nickel, iron, steel, platinum, aluminum, silver, gold, lead, zinc and the like, and copper is
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3 WO 2004/ 080138 PCT/ US2004/ 000715 particularly
preferred. The netal powder conposition may al so
WO piigia3gzonducti ve non- netal powders, such aBCT/{I82004/000715
exanpl e, graphite. The netal powder conposition 4 may
contain only one nmetal or it may contain tvvo or nore
RJ?&F %eﬁ]a Hf 3\;168 g%?n%?{é&)dgpc? nlﬂéosﬂlonrqq%(% %1%08 1n(c::o rclorslc.lurglve non-

mabl Pvederd) ls@dioss, for eRhnplel @aphife. PBiict meﬂaE§0\@<ier @bepBEtiah 4 may
coated with a second netal, and the |iKke,
confaip Py ORG S1ejal Of 1tFaRIONAR MR P BX9FRY®SIals, Brsush combinations as a

m%epolé)? ?511881;&% 82 %W6ﬂb81%ﬁi§%gf;s ﬁﬁﬁ@9§&%ﬁ]§lﬁk§ réﬁ{b erfle?ds or mixtures,

paptivieiesf ome neslicokled with cseobidaiktahand ftheital Alpengtaiely, a metal
conposi tigons can then be _dep ‘ﬂSI ted as an overl ayer.
oFiRET I CPHRRSIAM QUIROMPAIAIOR O£ B4 POWCTRATAOSHIOR 63n be deposited as an
i I
RO Oy S N oy o g e

commsiblens eaguhal be/deposited aseguivarlayershaped. Exenpl ary
ude, for exa

gg{ gﬂ&s,s%a gg!gr%ﬁé mjﬂﬁetnéqal ﬁté(atpggs?téorrgi can vary widely. The

métﬁltﬁk RGQBSeanWeRAIThe é&)ﬁ{eaéﬁhﬁego@éﬂhff&%ni éﬂéﬁés arRca§ B8 regularly or
rods, plates, fibers, chips, whiskers, and

lrrnguiltndly siwpedheFsohplasi prrticle Blyqpes eslulezfos emﬁmplhespheieal oblongs,

rticles, in the tal .powder ¢ 05|t|
nefift ndilint Dol IR Tt 8 (SRR, BB BE P o e s, flakes,
rofid) bldtes”ﬂgéﬂs ohiigsst, tvhUbids Odhdorhixpades tHeledf SSﬁﬁﬁarlythe%leE @& the metal
di Stribution of partlcle si zes. Preferabl

pagigles leltbsesmieﬁal p%@den‘@pmpog@m dicag @ﬁqyoglnd@hymc%nmamhaie
e RIS £hE BoaBRRLANLEN ol ufd o8, 8P lef Wiuion

of pattichesitesp rPeéfeJraalyl met;ﬁhmmnahmmbtalpmamdn@bgubn 8Q@@ve a mean
um One or nore of the net ﬁovvders in the neta

PapilRIEiEe CORPERITREH @O BléoLF .28 Q wen; prederplly betvRea ahwt (57 um and
ab@P]tpRTOb' ! rﬁéesé ’fllféﬁrf]ertélhigfb%&?ee%b&%l u%ﬁnﬁ %9@;@?6 uflown to

ose skil art and vary er ent
nmet dDs; oranckeiofl theudetal paudsrs mnhé enetpl ,powdtﬂtolnypzbsm@a rambe treated

el evat t enper at ur es i ¢ or_ basi .
to SHRENA e, BERHOR Py R oo racs, SR BRT R thaerlled i the
arC4Hd Ry R dﬁ@er@tﬁ%ét&l@t dndNn@had }eau&ﬁ;n% gPQMﬁﬂ‘Iydro gen at clevated
composition to the substrate, while the al powder

termperptisés).i washing widpasdic ed bagic sdiatiensbaitd tae étké a@hestrga/&memncan be

Figure 1) or after 25 capture of the neta wder (as ..
ca i xR gapceBion G e RbEl Sortien i P STEsT (P BACEHES, while the
mEEYpovRRE BEmPesitdin & AepddRtd 6akheduibStaté (B sHBKAkn pfgmiaeD or after
conposition to the substrate. The netal powder

capiyrpelsthe mstpl powder (B shpspoiw; Kigere @ntescribed bal@s). r uch t@ajment may

ocg%rv {olr% é?‘ph%gttl(; o(éirﬁi% o Haﬁ ?8wﬁ%racosrﬁjpbo tf%ntt%g} s)r(lbg %dded
to rrmél thitall gosvdet ONPEARRT 4 taSbe Epokitcidsits ieREbITRYe Péh a variety
substantially renoved fromthe netal
of forms, such as a substantially dry powder, or with a gas, liquid or solid material added
to modify its flow properties. Such additives may be substantially removed from the metal
powder at some point during the practice of the inventive method, so that the final article
contains metal patterns comprising no more than 5 percent by weight of additives,

preferably no more than 3 % by weight, and most preferably no more than 1% by weight.
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30 powder at some point during the practice of the

inventive nethod, so that the final article contains
woreaoalosqat t erns conpri sing no nore than 5 per CRC/UR2004/000715

wei ght of additives, preferably no nore than 3 % by

wei ght, and nost preferably no nore than 1 % by

Sl il 0L A0RAH ORRLAR, PETALSR004Y BORAA S SULAARE o

Ive a oW properties nm
cakiag@gents,dhbréeans, ala,rmirege(naindmgrrmg&imbﬂs thierdof.i hﬁ]lﬂids thatifunction as
nltro%en and caonbi |ons t her eof |ds t hat .
cafrifs Mg iplnare PElpeh jer Siguidgs @Sf;slp Hheanstgpovider gomposition
I n
mPAPRe B in chHUt of2 455 %ﬂ%‘% 1“‘”‘”‘5@?‘:%5 s AR

coglpositiyn, W]hmherebpbsmadwdérﬂﬁﬁﬂmmhb’mg adnlmvewbehbte should have flow

i f .' dd ul d
coiSRRRIA SO, L OV PR e, SO0 Likes, o nob Shouldl
suffhdd v @ALMRSbAN LN DY bf BSorl viabo (SLDBL! e such as

surface voi ds, spaces between fibers or Optional vias
7 (S8e IFq:tgl powyder Trepomaticil mpyiddrdecdditionil qomponalycs and additives,

forl %%%Pgﬂ? 3 a Iz‘:’: éz‘:’??g%a@'@ﬁ%lc rﬁ]lg%%t? g?lgﬂpg %gadlé% ¥§1%rants cfeamng agents,

anﬁfﬂxhéah%%w vadloB dr fﬂ’lﬁ)&% b Sided 1R ThaP §®RIcSoontaldd metal patterns
anti-oxidants and wet or dry fluxes, provided that the

cofrippaing AotmMee ghanchperent bmeaghtpétad@tmg, prwifigrrblyinagnore than 3 % by

Qf addi tive r ef abI
w0 Rt G 1 B8 ' SRaplery HgRe
pokdeEcdntiyiiition%s bquvMﬂl sglﬂry, tHr_eOs’lu@% a#bileo C(brftalh Qﬁerﬁﬁbﬂgents to

powder conposition is a liquid slurry, the slurry can
Pf‘*a‘1¢§b°’@6ﬁt%9f“é%@ﬁfaéﬁ?wé“gents to prevent oxidation of

Egﬁp%ﬁgétg% P%"ﬁ@{ere cr)1|l§ éH}%%Es{l@E ?nar%%r% i 05) %ﬁc@of the inventive

mdtink mditiaidy, arvebduats meetirtg thislryqul&nsamb stsehtedrreetumghérhms

re ui. ment i s selected. As used herejn, ressi bl e
COW@%& gans tha Sppsifate Tedvgse di it Hlmftnéwa.n%ﬁ%@l n applied

pr&d@iRlah & thak ﬁleatstaim&'uhl%%f tl@ﬁ%%t@ 15321(3&) fegéi%c/lt % ﬁﬁil?xl amount.

vol ume of the substrate is also reduce sim
Wherouset hereithesn gsadtahice meastars, X % vempries alble neeanetatthe din{ension

of & HOT A o HrDiEE FREBLop i 4h B DR Bty M it ey g times

its A0mSMor 1% thic HAB-0n ot OQ7 NPEBRA tHeltStalloYTBMS 108 thel stibbtiHiS at 30 MPa
direction at 0.07 MPa and the total volune of the

is KLRXp/dPe] tamesits WFI’ame uats0 P? M. X1/ the Oqumsms;hang in dheudiesction

$).on chan n ¢ he di
of e Abpll BlsPioneing AL bR RE BRI B clellhs & 5 By e smate
X 6l tht ewe Raluvais wesd ©f define t ahhiRtiSeBdhressiBiligf oftth@mawial.

values is used to define e gquantitative
conmbroaysesibilityys »physical ﬁ’é)ﬁ?éﬁy af a sustiasrhetanasi bs mpasyredss part

of ﬁn%segﬂﬁcféé% g%asslf?)'ét?ﬁ? 'éélx?tﬁ%lh Fhe :{.’:g 1 gg‘%&g#hg ?&bm@%ieg%ver an entire
saisplead hlsﬁbstra'tl'eh(as dexrpibed §d)1tn)dantp§'e, li15 ERBAple 32 bevO! ardlis not a
funecrt]itoln ro?localized behavior as may be observed during the application of pressure in a
particular pattern to a portion of a substrate. Compressibility is a function of the structural
properties of the substrate material, particularly the presence of significant amounts of
voids, pores, inter-fiber spaces or other open spaces. Preferably, following release of an

applied pressure, substrates still show dimension and volume changes of at least 10%,
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sanpl e of a substrate (as described, for exanple, in
Exanple 32 below), and is not a function of |ocalized
whelvawswss as may be observed during the appli ce€T/082004/000715
pressure in a particular pattern to a portion of a
substrate. Conpressibility is a function of the
I ' mat eri al
LR Y S RLP BERLL D A DI RSLL TR TR g% of he
peva@ntisompressiisilityi siiservell iab®0 Mpaaaesmost ppéfbeiblyopey nBRAiA Slimension
Preferahly, followng rel ease of an applied pressure
and yglmpe cheg gey thpy arg ﬁbkﬁﬁ%ﬁﬁﬁé’/ag? e PSFRENLRATIRFES Sl HfygReBieyed at 30
ML | east 10% 5 WO 2004/080138 PCT/ US2004/ 000715 nore
preferably they show di nensi on and vol une changes t hat
ar e Rtllyl cedsghlp G8hsefmdtéréals, pecicasnixtmdeporssi pollintsic films, may
served.at 30 a, and nost preferably_ they maintain
eng%ﬁ%tr%mc OLANIS AP TURE FARges #t Tegile Obipnlisd presyuyeogue to
| .
cHR P PR TRy S AIRE AR uioliils Q6 MG Rarerd kL piely not
sutfas¢ntlyalopipeessiblé for msg innthy proexdsi dfithe ingetiompiSimdarly, fully or highly

ani sotropj c._ vol une changes as a result of applied,.
oSSt ol oS T BRAEaT BT Rel e Clpet pTY Batingand
cuBiHBS A W81 BAR R expOLGPIoMR A AdrlyloghpkdRibior Msé'Rlthe process of
sufficiently conpressible for usé in'the process of

the heentiopent i on. Sinmilarly, fully or highly dense

green-state. c 0si t teri.al s _may.shqow val une

c haﬁfg}lgssuﬁ%f)aﬁe %ggatyisoﬁ gf?eé‘ﬁe’ Vﬂl@hﬂeﬁ ,th_?)rb’t TBUTS er%PY papd around a
ro@$PgSretintaee1P§ calinfdighedt, bief&apRass ibd@nkR:. TRSubdirate can be

the process of the invention. The substrate 3 may be

of ppp kbl thigkpess that anaintaing thip flexihilith ang erfelshlytms @ thickness of

r rod o ' 0. di ter,
SR e AN o500 B Py e
10806 wisont.abl e t hi ckness that. maintains this

flexibiljty, and preferably has a thickness of 15 |ess
t harkhSoubstite &r&r?fefe&f%ﬁfﬁfr emdpgbyehptdhe condutippmetal pattern
] ; I I L G

g PRy PR /oM, ot By e
pratinel of this/ie versionl inglade paper anhé¢ahpriessitile fibewhs tahd aogHfibtdue

;{%ra ti.cci c?f ihhis inv§nti‘gj2q]a Subséirates 3 syitable for
LS, pfading hoge MARRECUESHI SROPRIY Qfetalbe peciidng polymers, or
cofDIREBASIBIBT. I ShtHUSTormS of'@Bse dubE1PMSs BEIEBRhERW&edis including

i ncludi ng those manufactured fromsynthetic or

dryvigyiandlwej-laceenwaveys, pohyaesns maske bycoetbbleaitn f@ires, spun bond or spun

t eof . Suitabl.e forns of these substyates. include
tock RS ene it o Tl s BERES TEES: 5 ERRBEHEE foams
anf) exyRMeN syebR AR Mebsedrhpided\w chst Bi®ess, Spun bond or spun

| ace processes, woven and knit fabrics, nenbranes,

f oar?élp?r[}ﬁ enepighiredspbyirated pnd axardty of papers are suitable, including but
not limited to kraft paper, stationery paper, copier paper, filter paper, newsprint, cardstock,

folder stock, printing paper, specialty papers, paper products such as pulp board and the
like. Suitable papers may be made by various processes and may contain fillers, sizing -
agents, pigments, dyes, and others additives as known to those skilled in the art. Suitable
papers may be calendered or non-calendered, processed to provide various finishes and

coated or uncoated.
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and expanded webs, and webs conprised of cast fibers.
25 Paper is one preferred substrate 3 and a variety of

W@2apes01as e suitable, including but not |im tRCI/US2004/000715

kraft paper, stationery paper, copier paper, filter
paper, newsprint, cardstock, folder stock, printing

papeg.,: eci al t e roducts such_as I

R L R T L e
foy axdrapls, WiroRBRE6s ntfthriy, BRESpRIrcus hitbR41S, cast Fdljderic

agents, pi nents,i%yes and others additives as known .
megbiakes @nd fharmaly ingueetbphese tramssifierampierialy (BHPr whiehyrepdescribed

inGRSCPHCKBE QIR £RlLAANAd O ARERS St APLRYhARIe filted,

various Tini"'shés ‘and ’coated or ‘uncoa
mBHEpbrOB0h &8ri ACIIrB2A0A1y00Aid e 15 PRG |I@du3CﬁBQl,OFi@t@buth, PA, under
subaé rates .can i nclude nenbranes or porous materials,

the frage designpgipn deslih| keslip is deseribad byt ifsgRanwdagipign as a dimensionally

cr i I [ .
SNSRI LA 33 BB PR i
nomkabeésivr @llaesd witheeb % iofiittUv@umeahcluddag aird, 247, 498 and

4,867,.881. e suitable supstrate is.a . L L
par Ig%IagiLef JuppiEaie mﬁ’;‘t%a&r%@bﬁ%ﬁgoﬁﬁﬁ@fﬁ%@flﬂ@dﬁ#@?@ﬁ Eclyding silk
anA\RIhRBBik ®r 1iERERHREsIcHAM S 415, 88 eh ilto} §£’fﬁﬁ1§l@; f15:- Ih%ﬁeig,drg);ton, jute, or

t he t rade quS| gnation Teslin. Teslin 1s descr
synthstigragliiflesse or legnogsihdosie matesiabrsach gs raybabl e,

oo LR R R Bt S et

thintdpl2EE0 tRérmdsét, b‘l@kt@ﬁﬁril:,%H%?és@ﬂn@ﬂrpog%@rﬁ.aﬁk%n les of suitable
substrate materials may be fibrous an |ber-I|Ee

pokyipess inglude; pedyaraidey pelyukethangs, palyodesins ¢.gs ipolyethylene and

PO ol vBlBoBya e Bt MobFARR Gad. seomes,
flddrgpogabis paIgiuLornes, eyioas, schulole astata ytiylenBiilyalbfurated

ubstrates can be nmade froma variety of polyners,
Pl RersAndsuitatle orppingdensdherepfer noset , el ast oneric, and

cro ' | : X0 I .
oS o AEToRUNIRAR inKATR Sl iflh ARG, SR X Tenics, metal
oxyixirllsyegh gdneiimna]xﬁiejl 5nq‘bt|:i fra ] plﬁeiﬁyrii@cm)stzjnpﬁryqu‘g r(eRe barium titanate,

0 car honat e, (0] et hers,. 0 vin cni.ori de, .
b SR ity A e e [rad Prreamism ot gnd mixtures
th&8bf) UORSS s@eflidt&amil MYdreRichAk |sﬂicH,g§t@<ﬁg{t§%<$ Sllica, zirconia, alumina,

pol ymers, and suitabl e combination
glsa fbersatnskthe dike o fritabiahdnyciramioiléers imohglapotynfdrifibers and carbon

.particles,. such as, ceranics tal. oxides (e.qg.,. .

Gt B QeSS Firheple) ey gmEBRSRIAH T, Aipingaents.

anfix@dants) Ahint MthidhaRdd the BRe.bari um strontium titanate,
titani um di oxide, and lead zirconiumtitanate, and

mi x tpbglsate matesials) can@phienallyuieeeain aldétéomahthenticallogphysical
treig{}ﬁér{).]lﬂ%gl’cﬁ 'ai éﬁgﬁdeﬁﬂg,cei iotséal%lg(jsursilﬁclze:i t(feaeftmezriltr(g.%nli;ﬂ%éma treatment,
Corona treatment or silanization) and the like, prior to the deposition of the metal powder
composition.

The substrate may comprise a single layer or optionally a plurality of layers
arranged in a laminate structure. The layers in the laminate structure may be made of the
same material or of different materials. The substrate may include a removable carrier

layer. The substrate may also include an adhesive layer, so long as the multilayer substrate

7
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glass fibers, and the |ike. Suitable non-ceramc
fillers include polyner fibers and carbon fi bers.
w@edvens@Eskli ti ves i nclude, for exanple, dyes, pPCIENL084/000715
pl asticizers, sizing agents, anti-oxidants, flane
retardants, and the like. 25 Substrate materials can
. ' ej . LLqnal _chem cal '
s BB ki Al PR 2E Pk R ST 2 pRle R 4 e the meta
pdwdzatompdsitian ¢ adpbsovadbdtivatnigiltpattei@ot@ihe subgatdent or

silani zation) and the like, prior to the deposition_ of
t he 4¥gY %Hltagfma%thod BnhsLIsed torepsibths maiplnomisiepggmposition onto

Lse i r i . . d1v ofe:
tf SRia B3R n ae t ExpriE nfth PRLLANR, loiele P ibbite Minine.
screeninigesprayih g dtl ewsigr orcipplieatiomyoflaefluidided béd. t e mstahpowder

material or, of different. materials. The substrate may,
COpROStiga ruSrhergplted & Tepgieaprliqaggn er inpREltp{pARpligatEontaYyith the
: r
saﬁrrigﬁi’ idlifgé);rlg?{qgeac%lg(ﬁ&ﬂr at&g§g%€%1%a?ro(g§%%gp&rﬂﬁosﬁt%s or amounts of
cCORPDAIISE G/ @Cpplied ta differsmpregmss lof eheanbisttate dapireling/en the desired
| ayer 1s. .not si.tioned.or processed to,captur he
shig¥ Spnd EEe BETHEERT Pofe sPREfEs Batissh s b fipe Dag Prduct.
pat tmgﬁfé {tsPokh %n%ﬁﬁ&‘iaﬂ L7, wiith 3Y HoADing: P2 5&%n{méte1?%mugh
used to deposit the netal powder conposition onto he
the sipstratgtde, Theupiionsl, vid s Blteshipitie meted powderaronwaitiongh, as shown in
.kni f.e coat.ing,..di ppin sif.ting, 5 screenin .
Figite Ay 14 S st o0 i e A PR B el B igrsgrpgition 4
willif theedponomel @ fdurig @ prRsédingn may be applied in a
single application or in nmultiple applications, with

t he Theawasteite diand Bhecamtionaltliner passirteroncbpipisai Miueh may be
0

milhlal R QEGRTbLARR: AuBIRH Bty ] AcAOTRIR LhilRion for
platep2ndd sghsantetN etlee gédmeiriesirapBo widiia tetdcwpd of thdthvention, and in
t hi ckness of the conductive pattern in the finished
Paﬁf%‘gaa&tc}“‘ff‘é SEPHEHE MY ERRPIeYedopt i onal via 7, which is

a h t S I L subs .

3. e R RS (B A AR R tat BRI it s o
vigiblepo ghetdross-séctamat tepvaseintatiorFingtigee 1, tharprojptticamsalf did Hae shaped

6 be used to contain the netal powder c osjtion
to Jrofifs APARSER & BTG 0t Stos e AP IFTE et DR g pi onto the
dié 9 psidraéebyiraptci e nRpdl '{)@Q/ﬁér_ donfR¥kiton4es $®s@fe 3), such as, for

platen 2, which may be 15 nmintained at a, desired
expepisestaaightor cmvied bogh gHidswods, Tirdlepirettangles, trdangles, hexagons and

onfiauration faqr laten. 2 a S rate..3, other
oAbt B shids aftish (e i ks 3005 SR Y PPoNuRes Sefiieshapes.
irraf\dar shapddpuiid €othihatéons ieted. geometry may be enpl oyed.

Hydraulic press 1 has a die 5 with projections or nale

por tIh 6a8 emppdimengef the invenien. referring to Figure 2, pressure is then applied
by hydraulic press 1 in the pattern of the projections of die 5 to metal powder composition

4 to capture a pattern on the substrate. Metal powder composition in region 10 is
compressed into and adheres to substrate 3 to form the captured pattern, while the metal
powder composition in regions 11 remains uncaptured (shown in Fig. 3 but not in Fig. 2).
The projections on the die 5 also capture the metal powder composition within a region 12

in the optional via 7.
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visible in the cross-sectional representation in

Figure 1, the projections of die 5 are shaped 20 to
wEe@diogE3a pattern in the plane of the substraP@r/ugawg4/000715

pattern may be machined onto the die 5 (and thereby

inparted to metal powder conposition 4 on substrate

%Cpgg(faelssgmg Wndi 6&%’11%8 t CZI %)[Lﬁé %t a?tlé % urllV \%%y lﬁvggl(e?g d%%endmg

gr| circ rec Ry Eh
ondhél medl PO dGE Qe ted coraisa ne&ewmtatpdwr b@npcbsﬁﬂit&r as well as the
solidly filled or outlines of these shapes, irregular

PrepeapessOf thhenbeGHB mpseriabn d SRR, PrESSUIPS BeaDeHBB N FHEREs should

"

be&&léer%ﬂ%g 6(?3 %\}{ﬁgﬁﬂlg{;}' ﬁn'ixg%ngflﬁr hﬁ‘(gg s geggﬁlg léflﬁmf;ﬁeé %Blg}%?g léonthg ?ubstrate 3,

sutlhes PeRing oW hiPiss, bﬁckdmg Hist@ingebadecpaipdsing chafmbltyi 1ho platen 2is
4 to capture a pattern Ehthe substrate. Metal

m%ﬁ%ﬁ?@& ? Wn%atp@dqeé‘ﬁe adegrpr ¥dhe fiste oaﬁtdegst the raised
%ro?% tt&n&%ﬁ(ﬁ!ré Daweaphy L R %‘i&erably
e neta er conpositiron In reglons
betxmmmﬁ)andri’@afif uUe«:fuI pioocessinigrpréssore i8inbthe range of 80 FME;a to 400 MPa,

. 30.The roetlons t he, die S0, cap the
anﬁ@fﬂéﬁursamé&n ABHHOE PP fo 30U ecrRdy. é’r?fga%bh Dissen 1 And g > are
mﬁﬁ&i&ﬁ%& abu@ 20 to 85 \@)aﬁ@ QA8 BBrRE abRAGNIPY Y d 200 MPa is

he processing condi'tions used to capture the pattern
mwlﬂainedémynqmd@l tiaarddpmmdi) ng:oods the metal powders

r use int omder conposi tion

I
vl TSRl pigBSs oyl el POy GO R by e Tor example,

a ﬂ;@ma B1cabMin @Sbat dNWB S sBsp- A BOR kSRt &ﬁhg a ﬂﬁtsdé hpw&auhc press
be selected to substantial ly m nim ze, Bﬁre erably

1. e‘iubﬁﬁrﬁamterwémg@etmndlhé lrsﬁhlbivmaofsnasrowsosw veeds, sheets, sheets

su or edno% weti! 81‘51'}9? IIEC ga]lflld i} set())lf Itﬁi% ?nrvleng?%m tﬁgﬂﬁcg\? ofc}arge—scale

nposi Ng’ erg ["at en

mzamf@tdrmmnlaiwp@aﬂ@ﬁt w&ﬁ@se&&l&ﬂdn theg. and the die 5,
or at least the raised portions of die 5 are

mai nfoafaREre e Betilnqyides FoBOSia b driessaedndy bsentied by any
f
o Bl Yor AEmRE TR p RO OB ke ol R L i o

acpustis appaatus, uskig gatieactdfubirasopicthorB (ot fegomadsFig. 1) patterned

Pre era laten 2 and die. 5 are 10 mai nf ai_.ned at
Evt de gng%@PP Aoy Ofpcoudi che s MR Aoy ls A vagaggan process

coﬂ@iﬁog@@u&\ﬂg 2 loWer rnga@L'u@ e fe@gur@)oorrﬁ? fife ée?i%?m@&%%f t80final

seconds. The captu proce s may be perfornmed in a
mmdﬂtlnuous process using, for exanple, a rotary die,

1 o utie s Seine o5 snBe S it et s PG RE e Speitichagn the
samB oP alFftr&fl atdds bPubk@EE3Ghayed R rRled ol Bx AN, to sgh%edt thicker

sheets 15 supported on webs, and the, |ike; and
capigeedotgioh |cgn81s’cm@mf ingHtipla layiees qfrthe saneremetal pw@mwgmbstlon or to

prg\tﬁ{i]éj Iiﬁgrte%é la}pegs (‘% two oremczﬁ1 %%t%petd rﬁ&alts h(? 36 p%okvll e & gferent me?als in
different areas of substrate 3, or to meet specific product requirements for the final article.
Referring to Fig. 3, once the die 5 is removed, a captured pattern of metal powder
composition adheres to the substrate 3 in regions 10, 12, while metal powder composition
remains unadhered on the substrate 3 in regions 11. Although the adhered metal powder
composition in region 10 is shown in Figure 3 as having a top surface, which is coplanar

with the top surface of the substrate 3, in the practice of this invention the top surface of
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To capture the netal powder conposition 4, pressure
may be applied by any known nethod, for exanple,
waigiongstiggir aul i c press 1 al one or in conbi nati PCT/WE1004/000715
an acoustic apparatus, using a patterned ultrasonic
horn (not in shown Fig. 1) patterned 20 simlarly to
mdlyOlPa] AR LG 0iilor BERUPHE o BHOY oF PR BEQUISE. The
van in praocess con ons suc ower
resi@umpamatibired aletad pewEer @mpdkitiof il @1@$r1ﬂQﬁd§)§H@1ﬁﬁ)n@ﬂy bhe
final article, Repetitive capture using the sane or
substantgdly gemapadsfrorg 4 %\bsfé%imbas@.Vtan@wf@ﬁn‘f%wn@laﬂeéh@f}s for
ffe b
ex&'ﬁnfe Fcﬁﬂﬁre%ﬂ%\i}e%gcutﬁﬁx i{?@ i 5 rélg%i%ﬂg ?@86&?{ ggfaﬁﬁﬂ agu@Sus wash,
and smlsalﬂet cmgbmﬁtlcmsltharpd)fe Thayatscapturt he usaitereir hadanphadde metal

conposition, or to e discrete layers of twg or
PoﬂiS‘PJ‘eCCE%IﬁRSE}F%‘dnﬁ%&I%SsPO It V‘tq]é Chphas\hegr Slamqtf*é{ ©rirestitedysthe
pr%]@cudiil' foF ﬁfe%q&dkéfe%%ﬁffﬁzﬁen%l kS e asﬁ.lﬁst?‘at 'ﬂ?at Hﬁgxtremoval of die 5 as
pecific product require nts or t |na article.

sh@eh ér Figne 3 theFggal ®ywdencempduitiati ia r6g1|oss t by edbsequently be
s AL SeBet o Enc g B S0 ared FEM BRAHES Hhafggoiion in regions
10PPNURfet A PERASH 136 th TPdeRfovEd gieng

gubsltefregt e 3 i nddrné%sgns t11 XI t r\{oughg}t%?e ré\dIr}legrele}gC}rlrctleet:daI

Prefotobiby; unmmﬁu [oiwsker 1srremeg¢ct>bﬁf<11© degsiSibgion dsshewy i Eig34.

as h 0 ur f i ch wi.th the.
P o Bt dinfish BRiT BO LA Snp b Sopuief o6 Rt hihus 1ike'y pidfeil or
mdsRi 3 dtdhedMak 8&f6ﬂaﬁoﬁsoﬁolsyblf s’t@ﬁ’oﬁ%fcut 8utVé@ r@&@%&%&lﬁa&em and of
PCT/ US2004/ 000715 netal 10 nay be above, | anar
sugl dimegsiope thaivnetsk Pewerdupasseckihsguahiibe sianeil a ig dgpositpéin a

co{ré%{ogg@g ffHQfﬁd b[%% %%ng? h%y gﬁ)t\ﬁﬁl ect?c?r{gpo(%%:l slemgh&d é)grforatlons

I Ona e su antla

thibughnvihivh Iﬁ&tblSﬂs rdap@ltbd/ wah\amrnatklt ama@int opsvaaad d>r(sl[)ﬂ=lad to form a
met hods, for exanp npr.essed air, vacu

ew%ooftsphﬂam@#lwﬁ%@m% PW%OrmgmﬁRﬂ P%F"df‘éq‘?féb‘a gepgikmay contain a.
coﬁtnﬁﬂﬂs r{ &Q 1§n ﬁﬁ)@hﬂﬂ%kﬁ)% BS&/QQF is d%%lt@:@ r mtﬁéaﬁéllrgﬂecontmns

as use ereln nea at t e net al er conposit
peifnratiegs’. oy 1h@st b 2argh eretugh & albhee theﬂanabmve@r t@ nmlve ﬁrrum@ them.

th tions, of 5 adheres sufficient.
Wit Sl Sl i G e oS Ve R Pos ek oS i el with o
snﬁhcﬁ%uhf‘oﬁhcﬁfﬂ Quéh hd@atbE ()Iaﬁ SIRAME A ctAABg d, @ edince handling
regions 11 may subsequent|y be “substantiall'y renpved

onvihe subgtrate e Nith thg ushel astermilet 1mtalecmwéo rwwcmrc]css onetal
1
pol et S8 s Ot Pooekn i Bt Sl elion® TP esiig hste Fepdsiting

: mdﬂﬂ%%bﬂ%ﬁdlr&@meﬂcﬂ ihe mﬁdteb@lﬁqfoevd@ﬁwm bé gahipahtéBwith

shown in Flg . Alternatlvely, metal powder may be
suiisisnt et o thifdlie pytern isteaipvingg 1a thetdensificatim siesk. A

féﬁg@ ié)lae ?Iﬁi%g&%%[n? éfﬁhé gﬂgntg?x? lre%m rg t3 %fgt i4?£] aer?s%yin%uetnerogry in the
form of a second pressure is then applied with platens 13, 22 to regions 10, 12 of the

pattern to densify the pattern. Preferably, this process increases the adhesion of the pattern
to the substrate 3 and makes the pattern more conductive as well as possibly smoothing the
surface of between regions 10, 12 and substrate 3. The resulting conductive pattern on the

surface of the substrate 3 has a Figure of Merit (FOM, described in greater detail below) of

greater than about 5%, preferably greater than about 10%, and more preferably greater
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such di nmensions that netal powder is passed through

the stencil and is deposited in a 15 correspondi ng
wW@2a0t/080138 The stencil nmay contain sections of BPCDES1094/000715

spaced perforations through which -netal is deposited

with a small anmount of scatter or spread, to forma

ofSFB31 o8, SRR OO DA LT
optidahllPReat, et oMmhieldwIRE BherPPWRS beissmoleRRshd R subkequently

the stencil contains perforations, they nust be |arge
apphieds JHtraspnig¢ ¢nsrgy, heat pe mueropevRiererg My wisotbisreaugeyedipsior to the

2 stencil is. u it e to .
oopeAlE bRt R en o o ' P B BB -0 Ml StSFption
dehbifidhtibn witedut dise MpliAtiondt adsesddyiitdsyreneVarRbofdidSIré@kLorder and

to enhance handling on the substrate. Wth the use of

vagioys eqibinatiens qf Profesen apdenpagy)squscas dies/©© asgeaplisheaphire and

' A b ited in the desired

d@ﬁ%‘ggﬁ%q n%é Wé’r él# {ehre asg?é},rufé?‘?@r%%ie&&si ting netal powder

t hr oRigferably tthscbnd pileesuseiBSpphdetoarpposeaviikdss ofithd panerned

mani pul ated with 25 suffjcient care, so. that the
sugsttate p withsplatgnh{ 3i24da mipimipedigiorder 2tdhs ingsiface apd betiyeen the
eaggseoietﬂp ?gﬁdﬁ%ﬂ% gefuttc'-:tnll1 ¢0 hﬁkﬁ@l@ts?ﬁ’s@raté fké | A¥tho gh IF Sre 4 depicts a

densifying energy in the formof a second”pressure

flat sotfi@matéqupior eathwplatan pB 222eansl shBstra?®3 t ashereggooweaict @re dl within

of the attern to densify, th attern. Preferably,
the pape of gleauyentie, duoaishian Atistit grE GPveR SSRFTRFRY bE o

erhf18y St B8 Efefitly, Dralidte PdRRed AbsRALARY Bqui 8o GRNAMGHIZ¥ and
as well as possibly snoothing the 30 surface of

unpetaleed pagomnef thosubseatand substrate 3. The resul ting
condyct lfve. attern on the, . surfﬁce of the Subsilrate 3f
has B YGHED BYY b metoy AT BRP TSy P atg eans, for

exdRipa, bs BALIN rdifs, 2 BHERNE br 4 BdficAAWonS %r ik BhRARRE Y step-and-
greater than about 10% and nore preferably greater 10

Iepyat POBAYSOBOES SrRETNDIS? @ bydreno7aIsss, £ HgimabeimicpvaveTven, or an

u1t°f§s§>8{b%o%.e§§qs‘{u%t BYRA rﬁ‘ag%ét $haRd iV Ak oF nRESF Y Wide webs,
and optiona yeheate, acoustic or mcrowave energy nay

shbéts sheath bppeetds by webs,sub siedienhhd/ theappbf ik intditloddo MeCpractice
ener gy, heat or mcrowave energy may, al so be enpl oyed

of Jargescale magufactusine will bp gppagent sp tose plllpdinethe @ t o i n

Fi QUrif: I%A:fessﬁfe Le®8u &Xﬁ@a@rpﬁ%m REGPTRY histht 200 MPa,

densi ation t hout e application of a second
prpfeebépiateout $OMEBH o206 NPa. pphacésmstion dethesenutessugsiioemducted at

conmbi nat i ons_of processes and ener gy soufces used to
tepRIgHEes 1&pm @Rt A0eC An o0 Ge REST RN 3D b € tar2PRiCh npgskpreferably
opf i t (8RB e
BB LT SN s LB R i ey st
assiltbssbn@tereiyyditfbrept @tnpamtilkds radgestnayrbéprefereddassis denbogirated in
at the interface and between the 10 edges of the
the GRS ve pattern 10 and the substrate surface.

Al t heuehink 1S 54 RItGt 53 R then removed, and the resulting article includes

electrical components comprising a conductive metal pattern 14 adhered on a surface 15 of
the substrate 3. As used herein, an electrical component is any metal pattern or shape or
combination of metal patterns and shapes that may comprise all or part of a component

that is found in a functional electrical device. Examples include traces that provide
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flat configuration for each platen 13, 22 and

substrate 3, other geonetries are also within the
wa@ewpmeswass t he i nvention, and in particul ar at PEHES20041@0715

curved geonetry nmay be enployed. Preferably, pressure

IS appl i ed substanti ally equally to the netallized and

f b
el%rﬁ%a{l f:lI'CL'll efj éeggye gﬁ)folet eﬁl?%rﬁm%e Sctgglg%cgct)rs éonnectgm é)ag%, capacitors,

I ca io P or e huous

capycifod latd¥EBiGges f refonaBXeuil] Eas, a&sistads cindadtive@okls, and thlike.
zone Or a sonication zone, or in a batchw se or

st epA Figre pbMest (FOMQ sawbeuseddo cpmpaisitipised pawder measured

[P B3Rn AR <R LSRN QU0 oudh e

follb@ideaquatddn: nar row or wi de webs, sheets sheet s
supported on webs, and the |ike, and the use of this

| nvektiQY = @Rtltehvecaﬂr%@uspr@é X903 | ar ge-scal e
grin ose [
et L Rttt S AR And RERP1the Biadbd Misance
ofabopiess20 pM?adeﬁ eat@ho uResdddhc/PRathe rpr dbrthdiliy mebautd B0 a particular
MPa to Pensification at these sures i s
SaBple d é@s ’étnonfl%l#ﬁ?grf%rt i G0y esmionBBl e r@ﬁtoﬁs gHgjtar sample to
arﬁ{/@fitear &mul'at@cpfégfsu%@}c ak Qes2B8CH MRSl ? 1. PROMLthod of the

100C to about 15 Wth applicatio o er sources
prefentmmentiopi qag bermeacggo makdarﬁcﬂesaeom@mmm&@mmt @ermq:rgglwlth a

coBiURE PRLTR AT e A B LN L RSB FURG . Pieferady feater than
abbbtem% agtn@rin&@ gmeltab@rgréﬁmmd abctiidodzhe resul ting

article inclu el"ectri cal conponents conpr|S|ng a
condbietdondugiive platterat eadhereq well lie thecsubsirage, wdfva&létams wbderate

begge 3 ug ﬁ{)rragltg% %or %atrrgfl agp?esgci),e I gf‘the g},t]a?al ?g % he substrate can be.

de‘t‘&ﬁﬁherdl&iw Iﬁéhsﬁflngrﬂie&bsmaﬂide&if ifige thdl p&tme Suﬂirkg’slindmr the bending.
conprise all or part of a conponent _that is found in

ofghg ytigkeiapeiand refeef varions digeptcss as gesgipedin Expplgas. The change

in b ERG) BRLOHL Sngfids Hne EPHEBRAET Gt the metal powder composicion
anditpoubsautt emoat]. Rrefersiy, (Za[‘t&:,lesandfinémglthﬂ’lcmanisnlements w111 W1thstand
acitors, aci tor I ates, bridge esonant
b%@ﬁl@@fowﬂésmd Pg&a&e&w £5p HHHdPPK?é’f%fgif%%éY 5%W tVHEhout gignificant
reﬁstgh&l{ﬁ@re%fes Maitrouf Evg}ﬁngct@ Be %@uﬁ@@ﬁ tHeBryC QHRA[ Iﬁrir%?/nl])e due to

pressed powder measured - resistance to the mni
meadesichl @tatllfmmtexr eoahglemsntsesuliny frbmrcoogppeing the veotati porgder

tothe 5 fqgllow n uat ,on: % FOM = (Rtheoretical /
COﬁfPé’é%l&Pé‘adfu 3§ }ﬁw?g‘nﬁ% U heoretical is the

r esimdllowitgy/ dé?fs1ffc@ﬁ&? th&iflclRIRAsUh g dirbdit $1BReABASH PHonally

resi stance of the pressed powder pattern. Resistance
unidsrgoterthenwddigioaaltitecessing mchascenversion damaratios patierning, etching,
coating, assembly and the like. Additional layers may be applied and these additional
layers may also comprise electrically conductive patterns.

The manufacturing process of the invention may be conducted at mild

temperatures as indicated by the preferred ranges above. Lower process temperatures
result in reduced processing costs and also enable the use of substrate materials that are

not stable at high temperatures. It is advantageous to be able to select substrate materials

for a variety of properties including flexibility, surface energy, environmental stability,
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sanple, and this is normalized for the cross-section

and |l ength of a particular sanple to 10 arrive at a
w@2ios8@Esed resistivity, as described nore ful PgI/U82004/000715

Exanple 1. The nmethod of the present invention can be

used to make articles conprising circuit elenents wth

re?%e o‘}%] a:oﬂ}oig,o 2 ecg'({e Slltﬂglé ?(%vg !r:g# ﬁﬁd 95 gljgea Iﬁai%g% r%%ulaad to

méR wanwsqfremmv lspEC@i@abﬁr v¢1ﬂna»nt bdinglim20& by Phrerespaipetatite
pattern 14 adheres well to the substrate, and
reqiiifsadiinds noderate 15 bendi ng and abrasi on. For
exanl LS &t 9
cupan e SAEBERIAD B ek oy APRLBI phetidd b anicle which may
incledé sl anpzt of orfehe net alecpihl @mipatienis figr wedn af tlettréhagnetic

bendi.ng, of the article around rods of varjous
cogfiapRieaLiog clrguit. d’ié%?lr%fdn%ﬁwmpé CORIMUNTGALOR §¥fiefa- AnExample

arti@8 S NFITY tadP @Qafﬂgfédél&grl@a? E@ﬁgéndé?l@sh élblggﬁ QRABENY, Softector pads

the netal powder conposition strate
fon’am@els at juniees, epmiiEcior padst for lisgrated|cirdnitsy cirtratry, dapamtor plates,

errensvmll 0 bendj aroynd a rod
caficiifEr BROGH W e D alke: B RCHEBI St g arovides at leasta
m# bﬂgérﬁbﬁ 8Nthe ahRahS ANEMal MEHRASR - cof%?é@ﬁkﬂe SibshD 8 the 1nvent10n
und by theory, adhesion may be due to mechani cal

als forhaemgordayes in teghastpistion e§thetRED thg.om conpr essi ng

t he net al wd osition _.and subs

S el S R R R Ry b ERuPR el GHORR an REID gigment and o
magielit hcagitycdlégentt el ements may optionally 25 undergo

further additional processing such as conversion,

| anilpanper erphadiment; Hy, tecbnidvengiay bedsed wrovids ambitigle which
m%‘ﬁcfuﬁg é F art @‘fjgﬂ té)r%&Je e e%Yr?crafc %orggtsao?@r s%%al?tngel such as..

ese a ona

+ . aneineha,i coathdcyorgadsl ﬂirtblngem{JtlﬂlpﬁlS, 01ﬂ'dmﬂrﬁaﬁphfcﬁﬁlt plﬁtleﬁl,@apamtors

process of the jnyention may be conducted at m |l

br{déﬁfp Stage sesanddhe Jikg- cﬂr%acfsyqtteﬁ énaart@rw# guprpaw@@sleast a major

?tl?cgav@f tgégl’ﬁ@ﬁnapg&‘ﬁ%ﬁﬁ tﬁ@gﬁ)%f gf &frﬁ%ess‘?’cq {e df'the in %/entlon also

uced processing cost ena e use o
fosuha taptr daaymahlethe abisstinb@dn aff the nsbnatt ézﬂjeh Résoharghabels may be

eratu s advant ageous. to be able to. sel ect

use BT Giblends wovidedr BT et o SHBpeARg LSO
apbﬁ@eitﬂégé Rgnefyl bﬂe@r@ﬂe}dblé/for S 1HB o BAREIEY fu N YT RNTES Rher
t abi | 12 WD 2004/ 080138 PCT/ US2004/ 000715 reuse

compon@mysdjoa@prlopmyles @mamrﬁamaucmmshetqhomgedl tywhe egtlication of a
nmeet various product

Cu?ﬁ% |V?1 a(ggtolr S%growgr%glﬁtﬁe ei ng limted by process

t enRyat 4hother ERBUAHRAE MhStechiiq@R A RAdedRNproviden artlcle with
techni ques may be used to provi de an artlcle whi ch

at aptpae gaenegtipn ped glaetrically emacded roatdeast enstintegeted c1rcu1t
(1n%ﬁf&?nogrbqﬂ b3t hrgftedjtc’o nfegra%h éallc%?t AEdR %tsﬂlcon wafer substrate, often

referred to as die or chips). For example, a conductive metal pattern on a substrate which
is paper or a compressible material may form connection pads and also be connected
(directly or via conductive adhesive, solder, wirebonding or the like) to an integrated
circuit, to provide an article in which electrical connection of an external device or article
to the integrated circuit is accomplished by contacting and making an electrical connection

to the connection pad of the conductive metal pattern. The integrated circuit may be bare

13



10

i 15

[8;]

2

(=]

25

30

conmuni cati on ci

WO ap4/08M38pl e el ectri cal

connect or pads

for integrated circuits,

rcuit. The circuit may be used in a
comruni cati on system An Exanple article is an RFID

conmponent s i ncl ude anP@ENUSINHY00715

for bridges or junpers, connector pads

circuitry, capacitor pl at es,

0 bri Y/ nd t
o SRR B B 3P0 el Bt gy fom
larper thh® [he_(lig)lnhé&mg@ltmﬁﬁt,he?mte%
conpr essi e substrate of  t
Comncgpn bay i externaldevics 9 artifde, iparicotarkyribthrmdimensieps of the integrated

01r991tt 8&] ﬂ'lel éft’aclkﬁzfdﬁ%ﬁltf?e n%lﬁ?gr%t%% @ié&ﬁpngljs E@Hl gféﬂ #8n ta{)?rtommately 2

i nc udes an

atdd@dirchiigo pAPEIfoOEasier access and

mm@).enent. | n anot her enbodi nent,
used to provide_ an article whi ch i ncl.ude all

or garet gtk embpdimeng thy Eehninpsy m@bw,%w@mwé@s ehectrical

co!%n%?ﬁ%?? gjg e@x@%mst&‘é%ﬂd fxes.. ®e

unpers, CcClircu

S or |

invention also forns a

secu
the technlques may be

?fb'i:@é@'}ﬁ‘agp%{gﬁgg ﬁff?errfzrﬁquﬁerlals or

try,

condipans tomrsducetuhésd geRponands Fo‘rlesmphnﬂletdse of ¢dmb1pélﬁmm of

I R S

sed to provide

I gop;g&éﬂq ORa} 2 (Wesu'sﬁ ge Fteglgmr{lgyr yield traces of

st a

lowaTnaR& Viy]hpHBSSish Ry kufdife AONERIHO PSQ. \fa‘i’fa%n in process

maj or layer in the construction of the resonant | abe
comdisions fier dxatnplcsdamsifichigorPresssetior tbmperiBerhay, alsresult in traces .

on fromthef retail stor

56 AigraRy ap S arthbiain Pl R fien Be

présSe 8N ladyifg HidtHS® acBRPEChlyRg @Eis@h&efor uSOLRLNNBEs IMIERS.
properties and perfornmance can

Fugppimeratit ey b vaefuktgrcoabine cpsrpoagets of higherandd pagnennidgctivity,

suftife a Bl G 1y

- fobéx%mgﬂe f){' el%gt‘ﬁc:ﬁ?}p éon ectih ﬁ’l)[pa%

Provi

dé an a

be changed by the

sr"gﬂ%lg%érh egtlmggnc!ggéﬁfc%lvﬁa)fmder and

_natoweewidtg) r@@ébtﬁllefw td’ ¢1@ﬁb|a)teﬁ§16ﬂ61€ﬁ1§é1mt pardlel beasies 0@ a

integrated circuit

|nclud|n9

Com*rﬂ%lg? SPBRORINE-c R ACOFURALIGRS §
dlﬁérE%rbon{b%flﬁfoB?g{ ﬁlgta??mgéle? ﬁ{an%ga %we ?&Ku mﬁ%@]ﬁﬂkﬁer ad lower

ern on a SU
copdypeivitp.r Thosecskﬂledsm iHel aft \mil ltem@hzenm;lt tmolendi¢ferene cérditions of use,

conducti ve met

ads and_al so be conn
comppRIt pLBisIarRGeD énay

VoIthea& dp Ph&g&iﬁe‘i@ atd

ectri cal

d

but not limted to
SINPREALS ATl issiads with

ir or vi

a .
o 1fﬁxe.n br Fiegm > ler ppgcayplied
johEdtirhay RcHRSPN A ctgfgttfa%,%ﬁﬁb under a

onriect 1 on Of an externa

vice or

secmntllappleed Yaltagher appﬂleg cetred, & comportent map fwehiph ashédeby

contbechBfbraRttediohdnd Befi

ectri cal

th
dyes, proyyde gfgzctﬁlgfdtcgpﬂect}?ﬁ do a%attery

nnecti on

or kd¥n@RE @b@l@erg leetdbde. TRY tlBniBAéLOf tﬂé”m%t?&%qgﬁﬂe}%e used to make

PCT/ US2004/

00715 or packaged.

In this exanple, the

artccéfm@l@qrm@rthmu@u@tfvetm@talcmtdutprpv@emlaast mccnmeqitmnrted)r

prov1§ ol |°P}P°P%“t%f’f

connection .sit.e

S0 oA ey

%gg%soasn Hledlcale&nsors and physical

sensors. The invention can also be used to make connections to components of displays.

Combinations of these are also within the scope of the invention. For example, a battery

life sensor may comprise conductive metal patterns that connect a battery to an indicating

display.
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connection by the external device or article,

particularly if the dinensions of the integrated
wa@epogsti3eand t he attach pads on the integrat edPCi/D82004/000715

are small (less than approximately 2 5 nm. In yet

anot her enbodi nent, the techniques may provide

IOf 0 [

SRR SRR, (SIS oL R

ha@dmaiet iFOﬂSXdIﬁpl@,rtbdim'emidIHﬁEy pmvmmrmmnsennEmhuﬂma fifdo@porated into

%ﬁ%ﬁse of conblnatlons of different netal powders,
an( regder g RIdP shelfn or an all oy such as steel) may

yi el QWEhe SRRANGE 41

resi ]gt}{ef/?ltﬁ)g?ers Erllbt%gg*le ase r esﬁsﬁ)r gb gy"f (?'Is Qfé@fncal Components of
sy(kjﬁamsaifﬁvcamglels of puchosystems emwlrelemtsacldrxgroresum&‘ﬂllmce systerrlls For

ensificatjo ressu r te ure, may, al so result
examp{e, gbgga I%F{PE%F% 1(%§t1$%a§ﬁo§{{g%£&a dt% §%y1nvent1on may provide an
mﬁ@ﬁ*htcblgﬁl@& {dVa fardﬁpf?&%fiéﬁc;t 1B A o BL e AR GLasE2PorBiBn of a radio

pressed at varying dt'hs to achi eve varyi ng
frequenayt identefidatipn t@eﬁp@hed wsindivahue! atickessfes example books or files. In

Fyrt her eful. . to c i ne co ents of
sl r et e bbb rriet B 1Y 10 By R Bl
coblRnbht 6 fnva &%}ﬁﬁﬁltabélgaﬂp‘h@& wopéonmlﬁaﬁwﬁmhé PAMRRging of retail

conductivity (w der and narrower w
goods pekudedab pirt b a sysserm o provisisipzelertion frombeﬂ im 1tatleskdred (also

ar._ser, onduct ve airponent Such
kR SrRSSRE C SRR be made with

di f fEEeIU is @Ik Eadromsil10dtraig ah eﬂ@’ﬂﬁlﬁfy radforf?élﬁl@ﬁ’cﬁ 1@ent1f1cat10n
Rg;ve sections of higher and [ower = conductivit hose

P} system A0 quéioa\amew o fﬂ@@@g@ﬁezreenf has desedbed, égff feehndgiges for

th{u]lrgﬁn?ci? gl en? ?Omgx% ?&{f%ﬁrt%e &Hﬁ 0S tﬁ%%%ﬂ,lge&lsg@fo

ave der

. prmhiohauge 00 mowabctadalwompemnts for aeeTIOGRNir nidy efeaﬁmtniagretm

as a .conductive trace, while under_a second applied
COPURYIHEANOB SRS PIRFIDL S 30- oL 2% ﬁﬁf&?éfﬁwﬁﬁwma AESDFss, and

fa@fitis foy §t%r1n % 'Buﬁnés‘é r & ffihae H?ﬁ)cpgfeﬂﬁﬂlt pe%&jta? retlg GO lg%ﬁsﬁleskof paper

provi trical’ conneétion to a
doguinants e Thesel fdet mayi be pdtigorteddh ningobsr of “strtaet stmmgenarem’i 32,e.g.,

can fu make Larticles erein th
oncgrrstehIE S AR et p2B i oA s gl sghant caft 32D, o
deSIABP BGHUEOIH, r arsmm%é&%n CRROVEM BI®fipsensors, such

as chemi cal sensors, medical sensors and phyS|ca

s enﬁﬁfl@ taThmay e essociaredorith o mhbfé tqmmls ofontesdse The tag may be

er§PARRERLAIRAE BpEaTRRIRRh R oLk TP g Rodta BT

suEﬁﬁntbel@ﬁﬁb@nceﬁtﬂh@tvﬂﬁ&Ycan| he{lpﬁtoslﬁeﬁ&ﬁ demyticioma th®Bering. For
conductive netal patterns that connect a batter¥lto an
1

exprigles Ex aohipve 30 embgéqlﬁwag aufl pexpepeve ogmuggturing, a file folder may be

o BT PR PO RTAA GTRERTEE e o

conponents 0
dimensions of the a file folder, capturing a pattern of a portion of an RFID tag, for

example an antenna, in that metal powder, removing the excess metal powder and then
applying pressure to the entire substrate to both densify the metal powder to form a
conductive pattern and to calender the substrate.

Items may be “source-marked” with an RFID tag, such as applying or embedding

an RFID tag to an item during its manufacture, as with a file folder, document, book, or
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har dware. For exanple, the invention nmay provide an
antenna which is incorporated into an RFID reader or
WORRl0Dosthed f. 1 n yet another enbodi nent, the i NRENUSIN/000715
al so provides electrical conponents of 5 systens.
Exanpl es of such systens are wireless tracking or
ef E
o Mk i S Sgee ates 32 SRt im0 B ped iy e or
mmyanpannasi fbe irerro gating ninafiles trphid dn tieteaninadg whith Gipganciocated at
g F&fflcatlon r der and at least a portion of a_ . .
CacR gt be Sforf%%ﬁﬁéﬁ%sy QERTPFAREG Y ﬁnqrsgnfgﬁm 3kg| Ppgitioned within open
sHeﬂz‘éB\ZA% e 1511 ak&ﬁomigqletlsﬁaq%ﬁcomg&%aﬂ Flth §% RED rags
anot her exanpl e e techniques may be usé; to provide
asermeated withitiee Bleec Simidaly, Adtermsmoayert locaisd withinecabeeoBZBitvertical

file BE 1o o A et o 8yl e fiE TR aufagss may be
pofihEe L Riohs WAL RGL ad oh IplcR bbitSh U K HefOut (IR Athe

Electronic Article Surveillance or EAS systens). Fig.
shelyes, or aupyloniedt veitiwghyrimtetspersed ampng)tharilex Ml zmtqnnaachnd:e

A T I B R A ——

ank€GR Bh AYRperf Vbstrakd éaﬂ%‘iﬂﬁ@?b#ﬂédlﬁt(ﬁd §He®fl ®SinBY¥he manufacturing of
conpressing a nmetal particle conposition maybe used to

the plasdfa b tispien sothe popes Séb?é@(cer withR sal@rgeo Aechthsn flsninaées the wubstrate
to%{t}fe %{at seus h‘f&{ CEloﬁofﬁl%%?l cation circuits of

aw O CES governnment agencies, and

faci Thettbﬁﬁu(juéﬁ ngdyHel u3gd menonﬁa s:leccrrdammiboneamd)faﬁdﬁfew having
records rely heavily on files of paper docunents.

twrs geore plagss wihinghe 56@ & | VI5B @rticesare gigerelesfed te ag multi-layer
0
1P A RIERT cotdryciofl. TP ARA PRl ftohs igfhodR for their
productioB2 Byr exanipds ktcopdueive gattda E;laydre farmedmﬂl aﬁe surface or on two or
| ocati on, .as shown in Flgét 10. RFkigt %/
more SHERSES Of 2 REPH B COmBsHiBl meriale Gongpc P t%‘%‘ﬁ on fkg surfaces of
a §u%&rzﬁ@}ha ®e RNRSIG i M leh e{hdtrﬁ@y bd ﬁ[En@H oI' RaEk 9(911@ there is
of the itemso that the tag is "at | east stanti a
amyrdpsrademmodnlt ef ovgriap{ocalaphe hp:dtt@repn mfelmtto dee@mmu of mheaawstrate

hi nbedded t
W R u AR thoth i S0l or mmy be
pr epgd gdickywidPBbndubEvembal pARedn t sf@:@ﬂa&és%a;%e ﬁﬂ%@uﬁed by

area of a paper substrate of di mensi ons of t'h
makgpgieanduetiye patiery ascqdingde thipfnvantier en beth @fdeaﬁf ¥inge sheet or

n L. net
b 0 B oed PR BACHRTR AR, b M SRERPL Rl o
copfpeiSiaigmeort thanhsheanatbrig (mh&& aabged Pape@lon a pepeifih Tahenate). To
netal powder to forma 30 conductive pattern and to
apphy ORdstive patteinp & beth sides peminghgphess or sdlelmappmencempressible
B | r

il £ AU LY D0 L RIREA B, o
exbiple, i kg gressudo commpturingalikmetal powder on a first side, and a second

pressure for capturing the pressure on a second side. In another example, a patterned die
is used to capture the metal powder on a first side, and a stencil is used to pattern the metal
powder on a second side.

Alternatively, an article requiring conductive metal patterns on two or more

surfaces may be produced by combining two or more sheets or rolls of paper or other
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15 WO 2004/ 080138 PCT/ US2004/ 000715 the like. Each of

the smart storage areas 32 of system 30 may be
we@ewipgEas Wi th one or nore antennas for interPCUHESI004000715

the files to aid in determning which files are

| ocated at each of the storage areas. For exanple,

Cog&g?s%iﬂ%@i@{lgﬂégte%?e (21%1&1? 0P %éngﬁgtg%e%@ttaf}ﬂteﬁp eﬁt one example,

cablpBTRNY 108 bNghewistdT pap& driokier baypreSsiblssnaéidl @t Wobéssédgcording
files. Simlarly, antennas may be | ocated within

to dhepippentiog 3@ thay ébqy GORIPrise |a|cen@t,cﬁa¢ Rt 3@ the e folls #F sheets are
AP 08 20 By o8 PSS rtc on
a fxet fotiroraheee af pareh ef dthentorhiresditie knatdrial,esecaitpdheetsof paper or

supported_ verti caII i nterspersed anong the files. L
othegomBrHAkanEHAs [imianied o e dustrel oxpiel #gd 8He Fonsguction is

fuﬁﬁer%g?éegseh%ke%‘a n%hg life APChRAS BRRRLe g§eé’3n5 %bﬁducﬁ% pattern on the
exanpl e tenna on a paper substrate can
set:crml@hpﬁroatcdﬁ Arttodesarequiein§ noiltiple tpyeseof wandifcaivt mataﬂ gpaméms for

t he shel treat t he pa substrate th .
ex&%‘Plﬁ‘r‘rIBﬁltl biyprediediis, ¥ B e omg ORIl BBt fs pithin the
SthRlisvedss i n the construction of the shelf. The

technl gues may be used to provide electrical
co n'do mefnttber@kalapleaa tfllrstlsebdmatm layer comprising roadpdtong @attern is

art cIe are often refer
mids, RSt e Sl nUR b AT onS A loF R & Second
suBRHd TaY&itis PRParcls mﬂMﬁiﬁ__hbl@Qt}E&%\H tHE Secwad walsm@me%uem that
for their ~production or exa a conductive
theyamae be almmad petothmeanrsstaspedsinrthe fest rbstater Wae bwersmey digned,
thtz%rrng $(§W(961‘ 1satth?12 Eﬁ%hegirto(fﬁen?ecg su%st?atgaﬁlﬁng ﬁlebhotl t?’heICh are

ntwo surtaces

posiynéEotdn EheSEMBe@br phdté.ﬁleﬂﬁﬁtrstasnﬁstfwlab&. ESljbgtﬂﬁﬁntCHapture and
istered so that there is % desi red anpunt of
£

deavgﬁat@@ RreArses apatian GewPrifae dias beiwresp he frshandesecpishlaggrs and

oL o OB ORI 0 G T Sy o
capaditoe plates 0 Al tenmtiselyf ﬁleEBetﬂqubler qmndﬁtmatédlmylto thialsecmgd layer
conductive patterns or to this.inventi
th‘t?&}t%%aéﬁea%‘g a2 §|I¥’1?jaep EP gn C?IBPHISI’@%’&)? ’6‘? OEHB%‘?H% other
cotfoof@ipressi bl e material, or on both sides of a single
I?eet or roll conprising nore than one material (such
as aAmpaltthelaghialze comprisingapenddtiverphttar netoeding TothGinvention,

apply conductiye patterns to bhoth sides of a s
m e GOMRRF ofer Bab Frogh PUGIRLaTs e o Nihaeal Brofgssing
indTB¥inB BuPist ligdiRllte chmivetivé inke, @nfh@#8REhRIRE S88tal foils, magnetic
condrtions on each side, for exanple, a first

stcnamgdle, rﬂ@ﬂneuap@qulrntmgleﬂtaesql«ietramrp@méant&)mcmdmg@ts waxes,
or rganic ogy € B%ec Riposi oor %ﬁpﬁu” 0 ©laminatin

%?né ‘%UP% Egfic PO irable Ao on A g F%“’ ginating
adR&di¥eR! Mechadical fakensts SeltelgfhtcPREMUItS, ahh @isoRiSbleREVEI QO Bnents

a first side, and a stencil is used to pattern the
sughasgliesistors, capac1tors diodes and the like.

Conductive metal patterns on paper or other compressible materials may provide

goods, such as paper goods, with advantages related to authentication, identification,

tracking, detection, stealth, shielding, costs, and manufacturing processes.
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30 powder on a second side. Alternatively, an article
requi ring conductive netal patterns on two or nore
W@ oolagE3s may be produced by combi ning two or P@F/ES2004/000715
sheets or rolls of paper or other 16 WO 2004/080138
PCT/ US2004/ 000715 conpressible material that each
co [ conduet | t . 0 X .
cachi s SRy At RaTAL AREE Branyfled B e BRlctar materials
and @rpuasshdrkef meitelrinahesaeramples,as sedl Boter dbiditiohardni2tails
i nventjon so that they conprise a conductive pattern,
Shﬁﬁ@¢¥%é¢?ﬁ5“? V@“Bmgéﬁggﬁgs&P@nu@bbsequentIy
| am nat ed together. In another exanple, a conductive
pattern is produced on 5 a first roll or sheet of
EXAPEPLEBS ot her conpressible material, a second sheet
Eof Eager or other conpressible material is |am nated
first roll or sheet, and this construction is
fur thes a8 sRehtds §£ﬁ§b ot of Mt QNGME t@Culafon. The % FOM
produce a second conductive pattern on the second
cag fre esedoto cooiphre the tricg$uared regigtance ofa pugkded plowdeayatesn af the

e g R eRg ST ik Pyrasopsr s LB ollgpine

eqihtssh: W thin the 10 scope of this invention. In a
further exanple, a first substrate |ayer conprising a
conductive pattern PFOMaRmeshar/ eRipedke) xbHHuct i ve

pattern gonprises at.least .one connect pad. A seco

Cabeticls Borayuiihe RSP baBhG RERTRE0Rorbes in e Fom e
mdadered eesishck @y e safhpilisiissad pawtierpatehat  they may be

al i gned over the connector pads in the first

subskhegleasityrefsolid geprer iy £ 9 Bicghe d'he 1esistivety ofeepiter is 1.73x10°°
. _ ' t |
oHpRIET 1 Rphne 0% il LS SRR BRI, iy s n s

pecomniapibrin padsld resistatidednfohnspersmh déngdi & dnay@rincorporated into the
Cgﬁbsequent apture and densification produces a
FOMedB Pt $H65th¢ ng vi as between the first and second

llayers and optionaf R\t @Rer conpenent s Xog)d he second
| ayer, for exanple, electrical Circurts ‘an capaci tor

where tResoreidl # @ensityl afaloppert)fndedtatity pdwogper)caf. 0060 Hidag-ehim/cm?
ontq t he second | ayer 20 tGr ugh a stepcil, formng a
net dmpHide mﬁ%ﬁ%‘ﬁ?{nﬁ’ﬁfﬁﬂ mrejurdiPSSsCBHd, optional Iy,
ot her conponents. Any of the articles conprising a

CONGHE X aneplPat thefalp AREOHES Pidsded ohlt S1alyBVEHobP&: powiRY to give a
further conprise other parts, fromprior, sinul'taneous
pagerndariss gueiss (Mp 6€ B8R gepms 4larg heidirgansa of thetmetakpatieth, 123 cm.
> ' P C i adhesives,..netal . fopls,
T R A T G P g IS S Bt TR o Bl 28
muitheer by puttiag tisaprobant sachnglduditigmeial patted@¥®Breading the value in

organi ¢ _or inorganic polygerizabl e conpositions and
ohg)é{ 7 0:402 igf 143 cm ﬁﬁifr%éﬂgng/cm and R/L = 5.7/123 = 4.6x10™ ohm/cm. The
% FOM for this sample can be calculated as:
% FOM = {0.0000155 / [(3.26x10° )(4.6x107)]} x 100 =10 %

A FOM of 10% means that for this case a conductivity was reached that was 10 %
of the maximum possible for copper. Throughout this patent, samples are compared to
copper as the maximum possible theoretical conductivity, even when the metal used in a
particular sample is a combination of copper and another metal, another metal or a

combination of two other metals.
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adhesi ves, nechanical fasteners, integrated circuits,
and discrete electrical conponents such as resistors,
we 2paosties s, di odes and the |ike. Conductive nRCHIUS2004/000715
patterns on paper or other conpressible materials may
provi de 30 goods, such as paper goods, wth
ges related to authentication, identification,
'E%iﬁa%i-tzﬁg, detection, stealth, shielding, costs, and
manu€egien powderdemii®e3 midron\¥D. 290 o8B88ik3f-Aldrich (Milwaukee WT)
PCT/ US2004/.000715 . This invention is illustrated by .
whyeasf DY FréR ek Hirt %8 a9uass %;/ echlaris ati Bllofad By g sinse of
wRABSRIPHRES of RRHEODL. TRE bg@gr ;pawhéke@ss @%ﬁ'tsar @SNk bbout 1
as ot her conditions and aifl's shou not be-y
hanons 20cmdidneter#lOysidve mas pldeed ai the éopt ofon20chn EXMvRrZHcm long

apple 1 This ex l.e presents sanmpl e Fi gure of .
o oy, KEEICGHPALEGHDS AP S aft e e 1P diameter
tyﬁ@?@WI?atﬁlQﬁ fiﬁ&%&?éircﬂé&? TS fReder QAER 15 GRSSH 9DDENInd then the

pattern to the = m ni num possi bl e theoreti cal
coppeti mivider tas Spninkded micihp pieve and sl @vertotsetticiownainto therfiter
10 equati.on: % FOM = (Rt heoretical. / Rreasur X 100
PARRP RPHE DLV o ST e SF rem Ao P e By 10 0.5 mm.
TR thetRBRAGST WD Bl atidn GRbAIGENEEE thét@dRrs 1oRABHFRs referred to as the
resistance of the sanple pressed powder pattern. The
sigiemg methodfin seisp@uenbprrarpless 8. 96 g/ cnB. The resistivity
of pPEr.. | . (3X10-6 .1 his.- . To normal ize f.or
the RaETcilp ekl d b SR RRE Rk B ARUSE g paserned
dig bAiPRhe PEWdetisingl LOGYEr Plikes Pre3n (MbESI3SD BWabish, Bidina) imparting .
Joer-unit length in cmare incorporated into the FOM
2Tggeganasatls onfythe poyvaenand filfer parsit e tTibe gkcess panEdayasdhen
K400 where: Rtheoretical = (density of copper )
remo .. .o g :
conductivity of copper) = 0.0000155 g-ohmcn2 20
Rnealsiur sedomd {tépraisscaptured aewl pewdann( Roesusitt eeke peessednolgether
For exanple, a nmetal pattern s pressed onto a_layer
a“é‘fdreB%}EBgBe GRRIEYO §18°%IB\P teps. aﬁ@% GFORAYERG ¥ AhadiPrpgyapplied
f i f - al
P P R R P00 ARG TR o BFRES | engr
(L) Teestotal hashofsthasompased mdtabwaa0 BbYkgeanis8 The resistance of the

tefid f Tscttei | 2 e n G b oA AT At B Hpiogrt s
e 4mg>%2a191/ APON f@aﬁuj%aﬁ%ﬁﬁ@cgfd%gg(oocﬁé ARfhoBik Exampl¥ B %R shown in

.6x10"2 ohm cm
Table 1.

Examples 3 to 8

Examples 3 to 8 were prepared using the sieving method of Example 2. In one
step, the metal powder was captured into a pattern and densified by pressing a patterned
die onto the powder at the pressures shown in Table 1. Two different paper substrates and
a combination of metal powders and particle types were used, as shown in Table 1. The
resistance of each sample was measured and the calculated %FOM shown in Table 1.

Table 1 shows the results of using a combination of substrates and metal powders
under different sets of conditions. The abbreviations for the substrates and metals are

described in Table 2.
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% FOM for this sanple can be cal cul ated as: % FOM =

{0. 0000155 / [(3.26x103 )(4.6x10-2 )] } x 100 = 10 % A
wOo-O080130% neans that for this case a conductPUT/U§2008600715

reached that was 10 % of the maxi mum possible for

copper. Throughout this patent, sanples are conpared
ELOnpls 92DRET as t he maxi mum possi bl e theoreti cal

y, even when the netal used in a
par tExcuses  aopd evetespraparedinimpthie emvufg, tiop paptuntep at a first
anot her. netal, another netal, or conmbi nation of two

PIgYSHES Andseeqny steaswigsernayBeds éwl}séw@smw%bmens as described
2

fo ﬁ‘ﬁﬁ ll% ana r@(?ré Mﬁ V\g%ﬁ@ghé& hlcpooﬁl élgn[herg,gegccgp@for Example

l%wherrc iitrsgasi dpplind 202608GU dhe srdsydcsolashﬂ cﬁon a:achcstep aref mldicamddn Table

OB bt Sh 0, e R e TR R Spown

T4 . A 20cm di aneter #270 sieve was placed at the top
of a 20cm di aneter, 46cm|ong tube of cardboard. The
cardboard tube was placed over a set of seven 55 nm

T%A ter type 54 Whatnman filter paper circles. Tin

&r (AEE 1-5 nicron 99. 9% and then the copper

Eviifplajas spri Mdtedals)t MdxPordetve ap@Mpbijowed TO Conditions
settle down onto the fijlter papgr to a depth that
vari ed filrom sarrpl eto s,arrpl e(l\ﬂP@)n apfPwmantely 0.1 nm

ol + Fay ono-—.or

mor e M@’g@ § ggﬁ‘aﬁﬁéﬂ s referr®] to dWQ flep press
si evi ng met hod in subs¢qyeqstep@yples. In a first lus 200°C
step, the nmetal powder Iwas captuiled into ajfpattern %

preSS| r3q a %R-EGHB&SRM e ont G‘B&Gne povvder14 SI ng Qne step press

vvvvv h oco 2001

i npart i41g 27 maﬁs‘pﬁgpu S (I\/Pgwo)nt 0 thé 'fpfov\der %Step press

TTTTer gaper- mﬁqxggss povvu?% 35S (NeNa I TeMgyidistep prass
and

In a se¢ond step. e _captured ngtal powdern
substra&e vverel-laﬁlés@ldﬂ) t oget hed70|and den8i6|i ed Oriestop press
L Wwo—SsHpot In nl at anc t Im S Second step \I\i\bash

press gppl i El&fﬁtfilébwﬁal concur ;@Y | y \‘MThsf?egt gtc%éted? press
ror Teg ‘“WF#«‘-’@UB‘+§'1’1 S TG fpral eSS T 1o step press

conpacted net al 159 grans. | The resi sfance 0

20 | en®h OWRPwCUY S@ﬂn, 293 1d2jwas 1. 3 1@)ns. Awo step press
| sumarvilof the pnren ion of this examle and %EQ\M

(cal cu'i!J tedS?MHbﬂ'@“ﬂo t Wl id@hod in Exdlipl e 1) ar dwo siep
] PSE-CUD+Sn 61+112 5.9 two step

12 PEC+CUD+Sn 61+112 5.0 two step
13 NSB+CUD+Sn 61+112 3.6 two step
14 PEP+CUD+Sn 61+112 6.9 two step
15 WFP+AIl+Sn 90+112 0.97 two step
16 WFP+AI 90+112 1.2 two step
17 WFP+CUF+Sn 90+112 15 two step
18 TPP+CUD+Sn 27+112 3.3 two step
19 TPP+CUD+Sn 27+112 5.2 Two step press

plus 100°C Heat
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Exanples 3 to 8 25 Exanples 3 to 8 were prepared using
the sieving nethod of Exanple 2. In one step, the

woredoalosqeswder was captured into a pattern and Penssion€ao715

by pressing a patterned die onto the powder at the
pressures shown in Table 1. Two different paper
substrates and a conbination of netal powders and

THAL bl A rd B 1{;fiabtlleﬁtiad as shown in Table 1. The
ea

resi stance o sanpl e was neasured and the

cal cul at subsfradd bl Abbgbl e 1. 30 Table 1 ShOS‘&u*cbeiompany
results of using a co i on -of —substrates and net al

pomdeWélatW%‘}Fﬁﬁef paneenWBRBt s of condi ti onsWhtwean Inc, Clifton, NJ

W‘” agenenﬁ\%ggjﬁéeryeblmb' ;togz / SEWWn?WS{Ie%; Simpsonville, SC

P&%@tm@m@%é@wﬁéﬂ”mm 9 to 19 ExppRuRs (ﬁoﬁﬁ)lnlngenson NC
e Sl avl ng first caoture steDa
aTTeslnn; pmespoﬂyetha}wdeséﬁﬂhd step V\herell?P(bi{mthrreePltisburgh PA

h nl t oane A Aaceoe fAr

Bl o 2. The SR praur o was apoiPEH-AE SEBAew Yok, NY

T eMpeT ap R eteFXOTRId: rm@rm'e 5 T9 WNere 1T YBRei Co, Ltd ]
applied a}%SiSoc The pressures used for each stepelar% apan

|Im£inmatrmdzll aopyisanlm/smb( H@Bt pr essur eIrrterﬁEtﬁmmﬂPaper Memphis, TN
‘ d9F=OM are al so
S hoveLIPRODY el Sepuaz boyad

i Exarrpl e MaPelmsr SrauIne, Benson, NC

'('%{ ‘é; ;)u"%ﬂ#’ ch lbo‘dh& 8 e%ss dg]_ 1;’“ ( g?)épé 2;’ V_Hr;’;@%rg%,ganéonment Fl

WEP+Cbbisen p 8ﬁﬁer1dbn@‘lﬂc SCRID|pr eﬁgméf-A\l\ﬂ?dTQUQ#SmﬁMmﬁukee WI
step press 5 VEP+ClLUS 1335 2. 4 (ne _step press

HCP+CUD Gryesp@ydndlabeleC P ess Slgmar-ﬁlﬂ;@b@as&m 83,9Vlitwaukee, W1

u re AL DL Cldl-\ e -

WF Pﬁtﬂﬂﬁg@ P‘iﬁaerlsfgeri%‘ TVVOUA;t ep pr ezgal%gé%s%?i@%z Vard Hill, MA
-1+112 3.4 tworgiRRvder| Sn Atlantic Equipment Engineers Sn-102,| -
' Bergenfield, NJ

Example 20
Copper powder as described in Example 2 was sieved onto Whatman 54 filter

paper. The patterns were captured as follows: a matching set of steel dies were used, 2" (5
cm) in diameter and 0.75" (1.9 cm) thickness. Each die had a set of two circular ridges 0.4
mm wide, 39 mm and 40 mm in diameter, 0.5 mm high and separated by 0.6 mm. One die
had a 0.125" (0.3 cm) diameter guide pin at the center of the die. The other die had a
corresponding hole in the center of the die for alignment purposes. The filter paper
substrates had previously been punched with a 0.25" (0.6 cm) paper punch to allow the
guide pin to pass through the paper. The copper powder coated paper substrate was
sandwiched between the dies and pressed in a Carver platen press for 2 seconds at 330
MPa capturing and densifying the powder in a single step. A series of samples were
prepared in this manner in which the mass of the copper powder was varied while the line

width remained constant. The measured resistance per unit length is shown in Figure 6.
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11 PSB+CUD+Sn 61+112 5.9 two step 12 PEC+CUD+Sn

61+112 5.0 two step 13 NSB+CUD+Sn 61+112 3.6 two step
WA 200PEs068)D+SN 61+112 6.9 two step 15 WFP+AI HSUT/082004/M0715

0.97 two step 16 WFP+Al 90+112 1.2 two step 17

WFP+CUF+Sn 90+112 15 two step 18 TPP+CUD+Sn 27+112

T e s B g S e Dot i e DB Ay B0 e o

als'Badhbafn%s ddhdat endsat i ons for Table 1 Substrate materi al
Abbr. Source Conpany Watman 54 Filter paper WP

What ﬁn Inc, Aifton, NJ Polypropyl ene SM5 Fi berweb
E ! Non-wovens Sinpsonville, SC Polyester Pulp PQ3

Styl Saanﬁﬁl\észxgec}e BEDafRl i MBharfmePURi TP thBEFFRRmMPNC0 Iﬁ%bt fRat the
, porous pol yet hyI ene TPP PPG I ndustries Pittsburgh,

copyer peiwider N0 SRAL Qbmlrtaghe &r &;nsfay Ne\§ dvys kfterf¥eaning and before

Pol t 100% c EC Sank Co, Ltd Japa
PO AT he POy 5o HBPISt RS TR SR o) e s Rrae ey to 420
MPMEMRHRir8sistdfde o?@lhé’ﬁhﬁﬂéé' WiemaRUR A e Re Bﬁioﬁﬁ%f copper

G oup Inc, Benson, NC Nylon spun bound NSB Cere

captaradovamied fronFampde spempovdenalizedde |atcaptuw1ght Corrﬁpondmg toa
Cat #35745 er powder
capp i ikntsi Bombione TR el HBEE e iy rigtmiRbe, W

AI um num povvder spherical Al Alfa Aesar cat#10576,

Ronigle PRI |, MA Tire powder Sn Atlantic Equi prrent
Eng| neers Sn-102, Bergenfield, NJ Exanple
Coppete Tpusianse valites of theispmigles fordemnle 29 %ﬂ@n@hé@ to a line

thlgEItlégS Y36 FRGordardd th&?gweraged. The resistance values for the samples of

Example 21 that were prepared at the pressure used for Example 20 (330 MPa) were
similarly averaged (they had previously been normalized to a line thickness of 50 microns
in E;{ample 21). The samples for Example 20, prepared from freshly cleaned copper
powder, gave a normalized average resistance of 0.054 ohms/cm. The-samples of Example
15, prepared from the same copper powder after aging in air for 6 days, gave a normalized
average resistance of 0.168 ohms/cm. The increase in the resistance of samples in
Example 21 is believed to be due to the formation of oxide on the copper powder as it is

exposed to air.

Example 23

Four samples were prepared using the one step procedure and materials of
Example 20 at a pressure of 250 MPa. The resistance of the circuits was measured as in
Example 1. The samples were then set into an aluminum foil tray and placed for 10
minutes in an oven at 200°C. The samples were removed and the resistance was measured
again. These data show a reduction in resistance after heat treatment. The before and after

resistances of the eight circuits are summarized in Table 3:
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pl aten prlessafteor P seqonds| at B30 [ MPaj capturing pnd
densi fying the powder in a single step. A series of
sanpl es were 15 prepared in this manner in which the

Eiﬁﬁ?lecm the copper powder was varied while the |ine
W remai ned constant. The neasured resistance per
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mafohing slirsradidaspribed in Breanile 20cRptherthinl plecathd die inexr flateh press, the

.in line are .also sho as dotted |ine Exanpl e 21 .
ai s pisk, S8 it Sarmlor R <Bimian S Ry eF e s g cdgpper cireuits
apb¥ &8P keniZh 1S #oePhrepMad by Peessidg GO RRYatBOPESS. 1A db@6hktrates that

eft open to the air in a tray for 6 days after

vegy shait ¢ryitanh Hmss inplwlingyapiskinenaroire gpefihior dwrmpatice of this invention.

Sanpl es were pressed at pressures ranging from80 to

for
&

7))
O T D
-

2

£ 1eM2a. The resi st anc]? of the sanples \évas m_sasu][ed
£ n tur I, Jdrom
| sga“gnpﬁfoiv'y{ G0k BB b EBRRP0 B R G dniiel e SaHRs. A se

of QIOJakrEB430NElE Rattd with cOBdr Yo& dbN3CKReSSdidribe, ¥ 8EaRs from
The results are plotted in_ Fi aure 7. 10 Exanple 22 The

SigwaiAldrpet palisibution of senghbnplesams el @papmpeydey coryrmg the 2" by
2 R T e ol b A R o i G B Gyd ot

Exaxaiipl eA Dhttérhed disewas upedpadoatpreds thdpovpded a6 1 peessige df 870 MPa.
Exanpl e 20 (330 MPa) were imlarly averaged (they
TheaRYOpFacs B PXP_%J@Q??GF%? Al pERgADs ey WisclopHreh kNG & ayerage
ciQit Wi %sgimrg, Bx8.001 £ g/%;ln? of cmgit $3BPFiRSavbRlze FXATRICE of the
20, prepared fromifreshly cleaned copper powder, gave
ciguitdmanivay 049 ahmsage A esosd st o€ saliplés @8sipeparsd eman ifketical

mS 2 !g)?csegg {hél&)l( alg\ﬂﬁgayeﬁl %g PB &)Sgggrg\gasfd{}%?nsptéh %3)%?0 &%%ngtrates. The
aveRpE el AR Of (1R\HCAT BnéLFhsSh. 60CLy/Bf Md HBa B/ 16 taddR8vas 0.17
Ohln?/grzfase in the resistance of Sanples in

The two sets of samples were then subjected to adhesion tests according to the
procedure described below. This test also tests the flexibility range of the substrates
having metal patterns thereon.

A 1mm wide slit was cut into each sample to break the circuit lines into two partial
circles (358° rather than 360°). Ohmmeter probes were attached to the circuits on each

side of the slits. The samples were then bent around a series of decreasing diameter metal

or glass rods (20.1,12.7, 10.5,9, 8, 7, 6, 5, 4, and 3 mm diameters), each time
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Exanple 21 is believed to be due to the formation of

oxi de on the copper powder as it is 20 exposed to air.
wEx@aps@E3R3 Four sanpl es were prepared using tPET/O8®04/000715

step procedure and materials of Exanple 20 at a

pressure of 250 MPa. The resistance of the circuits
stﬂ&@gﬂltéfﬁl@@ﬂfe%gm?& tefore BAIRE & afounliNBe AAMRIAL TN KistAAED

set into an alum numfoil tray and pl aced ?or 10 25
meqsHIpENtY Wergrmadedelare, ROOE, an'n)t{afteg aeplieg thesamplesarowmeleach rod

.and- t Lesi stance was neasur ain.. These dat .
sifh 3 AR O B R o s € g P enaing
pré¢ess, redistfcettdombd ﬁllﬁnité.eSiuﬁf)rléQ G8Hholf a il Bn®irBPEr were able to bend

circuits are sumarized in Table 3: 22 WO 2004/ 080138
boar dieurtes rodraisheut delaglingtinnyof dhe metal patteme om the

ar
heat.. tr sample.a b ¢ d f h
su AL Sy AT 888Y " SRS AR SATR: Buf g iy i prere o
abl tolbehd @rolinf 29. 11diSméteProlis 2indafd e drroBX &@h 81 28 AntRRRSheter
powder coated piece of Whatman 54 filter paper was
ng‘r%‘é & despiidisss delaminating fom 1Bs splstrgtes clnj ane gainplesibg epeit
FQ | aten press, .the
pafithn (RBOEG 0 PRePlyBified Aufl the Dol Byl BhG8hg M tance,
ovpotheer.cnT hiew;ﬂmﬁntd: ofithe digﬁ,g'ncmhsredlﬁdrﬁ 2._3&11191%&66?6 ohms while bent
Si ar to those prepare pressing in _the platen
ar‘ﬁiﬁsﬁg‘? f"rﬁ?@ bick ot oRmsglien Banding Fﬁl%ﬁlﬂl@@tﬁﬁwaws the
il Ma¥ARTa jonfh o t .
ATER S0 SR AR LB e o s
us¢dHanmermi || CopyPlus 20/50 Ib) was cut into 2" by 2"
squares. A set of 4 sanples were coated with copper
ERRNen (3 mcron dendritic, as-received from
=SrgrmecAl drich) at a distribution of roughly 1.2 grams
of crpPetaniINEShoAURE b Mol pRocdlY, witkre BHe8RethiboWRler
¢ cnR) of each paper substrate. The:coating (sievi:ng)
CORPOHEAN WS Cefated gsing BlwdAubic prespapdfurthendensified useng ultrasonic
en%% d to conpress the powder at a pressure of 370 MPa.
The substrates were wei ghed before and after the-
Ci r €l powdes (deadnieid, Sigma-AlBEclYWelsagessed by £ pateriVBi @tstep at 340
was Q.034 g, or 0.0014 g/cmof circuit line. The
MEg, an gbt@r PapET &% igdx@mpie 4. Hesegment of the pattern was further treated with

ultrasonic energy. An ultrasonic horn with a 25 mm by 1 mm raised portion on the end of

the horn tip, powered by a Branson 900M 2000 watt power supply using a 1:1 booster, at
20kHz, was pressed onto a portion of the captured pattern at 6.9 MPa. Then 20%
ultrasonic power was applied for 200ms. The pattern before sonicating had a resistance of
0.2 ohms/cm. After sonicating the best result produced a 40% reduction in resistance to

0.12 ohms/cm.

Example 27
Copper powder (dendritic, Sigma-Aldrich) was sprinkled onto filter paper

(Whatman 54) using the sieving method of Example 2. The Cu powder layer was pressed
using the ultrasonic horn tip described in Example 26, at a pressure of 6.9 MPA for 1
second and then sonicating for 200ms at 20% power, 20kHz, 1:1 gain on the Branson

900M power supply. This produced a pattern having a resistance of 0.28 ohms/cm.
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circuit lines was 0.19 ohns/cm A second' set of
sanpl es was prepared in an identical manner except
wo bat/osmn3ginder | ayer of tin powder was first sppPCTikE®d4/000715
onto the substrates. The average weight of the
circuit lines was 0.0017 g/cm and the average

E’E@é Qﬁnce was 0.17 20 ohmicm The two sets of sanples
en subjected to adhesion tests according to the

pr ocbmragemﬁmatddedn bed hen cdjpries, wes tsprhided bewtapitdeds Teslin™

L e VL T,

owgpbv@s btk 8 #ont @gnfatmﬁbﬁ étﬁ,%%dhﬁé,@ morg 3908 The8n

circles (358 rather than . Chnmeter probes were
poa«tdleawhedbtamed froncMican Metds (%act«itragshdeS uhcxtohe9%9%b SChe layered
ri es

PoYERSAGF ] O G e DA gpIg ROGE THE AT s Bresssd poto the
saﬁlglef’at 6D MPa uZm#é ,25Pmnfy AR fhiddd W&ﬁh@ Hie 1RAGE a f)]%lmﬁtlon of
WO 2004/ 080I38 PCT/ US2004/ 000 strai ghteni ng

ultémpIC@nb@WoTbe hemdipatgtadtat 20 dbladfor Hesepend: using e Orpghin horn
oL LR Gra O DS AL B P B

th@kxﬁe@y bf apfpadiffatel £ 2o &kerond. Tk prodnsdEs cir@Mdvite a resistivity of
substrate duri ng t he bendin process, resistance

0.90Shwr/em; it ercellentadhesians Agbesionresistance “@ﬁ&éwﬂalymng tape and

PGS 8 2 BL0HIE B T 3R e

deﬁgb:ﬁidhéﬂoetchSM@gm mgpeswas applied ﬁ)(thblﬂldtﬁlycrac&'h @ndS%el&foff, removing
sanples with the tin underlayer were also able to _ _
noge Akths rllaﬁﬁ?%@dh%fei teiig FRbRRIS: he megaldrage Hiah&cpRsds il a fingernail
usgxg%(gde?a%e %r ﬁ(f‘thg 't]%g@fe ame\efI atdla%ti t(g Hl% sﬁbgtf:alﬂé t l i nes
mnatlng romthe substrates. In one sanp t he
ci r Saintplespatpaeechwith dhorat sexiegionviness hmdamgeﬂre&smum (20®ms, 0.2

3. mmr and .t asur resi.stance, 1 ver e 12
ohguE} (o PR iy S piscb7 KBRS EmaaCrs P 604 St

to 3.6 ohns while bent around the rod and back to 2.4
Ex2hifle 20t er bending. This experiment illustrates the

Irnproved durability with respect to bending of circuit
pat t\ép hglegpnédiametes Aemimayere p@ﬁchadnmioSa Tm@ub@mﬂd@ liner was

g5 RS SRS TR 58 B BB SR REGT g s

fillingdhe halek iatd W@ﬁﬁc@ﬁﬂgﬁwﬁlh@ﬂald TRS bdrhld wis ipRGsed in a two-step
ul trasonic enel%g% powder (dendritic,
pragiessdar siptilapyo Ofﬁrtééll%%l dessrifedhit eample 3. Bie peadapedsy circuit

onHhE side with metal-containing vias formed through the substrate. The pressed metal
powder maintained enough structural integrity to bridge the via hole and partially fill it.
The metal-filled via was shown to be conductive from the non-pattern side of the substrate
and exhibited a resistance comparable to that of a pressed metal trace, determined by
measuring the resistance using voltmeter probes on both sides of the via. Both the metal

powder in the via and the substrate compressed.

Example 30
Fifty grams of copper powder (dendritic, Sigma-Aldrich) were placed in 100 ml of

formic acid in a stoppered flask. The flask was closed and shaken to completely mix the
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MPa on filter paper as in Exanple 4. A segnent of the

pattern was further treated with 20 ultrasonic
wep@rgs0138in ul trasonic horn with a 25 nm by 1 Per/pDsios€ao715

portion on the end of the horn tip, powered by a

Branson 900M 2000 watt power supply using a 1:1

coggég?)&%fder #th t1e0diE 400RS! 5t rv@ﬁé%s%gg% A?mgil%% trliigﬁﬂl Wis thb€removed

red pattern at 6.9 MPa. Then soni c
bypswegranvespirzippiidetit filber ROEEN afid#iopal 1000 batfwater was filtered

i gat i had . LSt f .2 Af t
3G NG R iBedEe FEEH b 8D RoR o s dhLRee i caked
20r 81 thé AL chsher powlerlwaORNRA Sth FXACPWatef fo fﬁl‘ﬂ%’@ Klurry. The

powder (dendritic, Sigma-Aldrich) was sprinkled ontd
sluriyl was knjtgronted (Onkma BB nBa)thigk iTiesjin dubstsite using ametchddr with a 0.25

Exampl e The er |l ayer, was,presse sing the
i P AL e AP DOy B0 M RUBER B Do iipe freeSS water
frddh ERSUIEy f aborfl 1MRAE) adksinkdhe SRGRTo 3DEHiF MR a damp but easy to

soni cating for 200nms at 20% power, 20kHz,” 1:1 gain on

hap@e ceptings oeverd Gown by e sapplbs werkhius optrafdbe sbstaate while the

t [ ' f 0.2 h 2 .
col e Fioui e APec5obn) Sh57nalsR SRS s e T in
Exafnple? 8 a préésareddfB 6 Mda. Thpeipleswodre aBpwed i @, &l tBe 8xcess
pi ece of TeslinTM (0.22mmthickness) consisting of a

coppes pPRdpioWas blowa fegmeg thegypirate peng eemprpased airTAé thiypoint, the

SEASE S AT SR A L S e

patid aftheciddeiitall's/o(1Snm dietnergholal webe pinchah]2 8% 994rt infd£0.08 mm

igP b7 56 BfieRe =YRECHoroIm NG 3 edo e: i arade dhsigmstion

cht_tch &1;9r MM%%?? ;Ig}i)g THD ek fTRehdverHe RAEL Qf?_%lng sra]%r&ge so that

I e before a ation of ultrasonic energy.
theolpdesatcaatided with kidend$ of the cgewioMthe tas affprde e Bragériength to the
horn, .a ter on,a Branson 90 2000 watt power
ol (TR Sl FubinPalE ripedohir bt eab TS, Excess tape

wads i@k i8 FonP theARRIPRXOEM LA ¥ ATy 6 60 AR, TRObsnPE AHHCEE e -
circuit having a resistivity of 0.008 ohmicmw th
applieder asapiaced drbedeniwo Adive by 6remr by Il Stcangeinlvas steelgtlaes and

colf AR 2R 3. oL DS bt 00T AR T

thrbagh ¢ hvkgicthtage. Tas sanplkived félded Al sRERAY cidagie Teandide in.
eel ed of f, renovi ngh none of the netal adhered to the
\J

P etal read
Ths geséstange ancrepsed fataphrpy. Nabrgeles were yjsttle il the cigcuit,
fin [ ) ' r . rac. .
S DR A G BLAGBhBAR sgpr as
alseidemosftoatdsehe eenti@nd DmghedEscuiadingamgridittonsl et esaiterial
15 200ns, 0.2 |
applied over the circuit.

Example 31
A sample was prepared using according to Example 9, but this sample had several

cracks that created infinite resistance across those defects. It was then was treated with
microwave energy: The sample was placed in a Canada Technologies Microwave 2100
that operated at 6.3 GHz at 200 watts for 30 seconds. The microwave energy bonded the

metal crack and restored the conductivity to the metal pattern.
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ohmcm), (375ms, 0.07 ohns/cm, (500ns, 0.07 ohns/cm,
(750ms, 0.04 ohns/cnm). Exanple 29 Via holes of

waelr@amwsmEss 0. 2 nm were punched into a Teslin subSI/DS1084/000715
and a liner was 20 placed under the entire piece. Tin
and then copper powder was sprinkled onto the

subtrate filling the holes and evenly coating the
Eggﬁgégs .
| . The sanple was pressed in a two-step

pr oce &St waslpsrfainet k@ meaate itel diffsrehcestih osepropaties digshpeinand
Exanple 2. This produced a cirguyit on one side wth
compregsiblomaterial g agompa Fivsarrtenal dpeppionyleas Bn) wider
comfedifssed netal  powder maintained enough structural
Imtegrity to bridge the via hole and partially fil
I t. AbInkhrenABdAInstriestd (mst@om@erpetuvion, Cantbe, Massgwedsisep in the
fromthe n n-iﬁgi ern_ side_of th’f Sﬁjgstrate and
cogpessiondaeds Wwigls | ks New b fiRFesol e tostrp s grogzampmed i.epmpress
I3’ ] ag Wi : '
at A%hlof bO?Q ?nchgﬁhﬁﬁtg% gg@%rﬁ}ﬁémﬂﬁ R UIAcROf E@&Jlﬁres%%ny@%ﬂg?ﬁns, 1.27

usi ng voltneter pr oth sides of the v
cnt hredinmtt@l, waspnepared fnomipeeces purnhdd phiefremiassheettod each material (each

conpressed. . Exa e 3030 Fif rans of c er. wder
SR T Bl 4 ARGt a7 £ Fach Serp B OBk S DB TR wEen the
platBAdbGh@SisHtoh AndcShPRRRE 26 ah hAGA thitkes ha@gr&@ﬁa&lfﬁ@gsi 0.07
and shaken to conpletely mx the 25 WO 2004/080138 .

MPaTpsgnoks¢ Be0mn 5The higkaesspd wekematgtrinhis ahomatically measurgd by the
f wat er. dded and. t he |igui th d b

Infftorh Sheciotity PAS SP-GRG Ui 1 pOEPE Bl N GHRRER s gre

dotentell atdormBpRIdinEBsreésulds@ing thickrbs8dIhhd MeurHOwPetts bund-force.

rinse the formc acid fromthe powder. Wile still

Thearsp velnes aaledoungdorge dfvidadihbp steacalsplatedifsnm dire dameter
] it ta.
R BT R S Rl L g S ey,

thé ufes twiltieretse agd thervotrespondingwst wilhdékrédse anihe gape pumdeforce

t he _substrate. The slurrﬁ;cpated was _al l owed to_absorb
vajyse Thg ¥elymeatads therqrepanuiiplied by the thigknegsshp specafiipquad-force

daf: h1g the slurry to solidify into a danp but easy to
ahé:\}ry]caile coating. Several 6 cmby 6 cm sanpl es were cut

out Hire¢ hiads ofystpeatetewl, ladiltel gporame gblymgerwad aspmiphrative highly

danp., The sanpl e re pressed as scrib for the
derlﬁe'?&lyg@reweﬁeﬁngﬁ%ﬁs- S@Eﬁﬁ? samples wef: Wdefpan i‘? Fiigr pangt (Whatman
Ind & B R)E Hatletmal J:Wpéxo(l%matiéﬁbd Pap&, Reefhss TN) and tan file
copper powder was blown fromthe substrate usin
follenpard stoell (Globe-Weis Premsiupolide Folders, ATAPEQ, BagiimenseMD). The

iR s Rn ot P Shp 1P T s gpm, BEGTR st PiskhiFer R The°
cotARRIve hidh®y @shsWRbE YRGB BelybropyTens Pafcimh fila, @M CO8paHy St.

thick by 89 nmm w de tape available from3M St. Paul,
Pay\MMder the trade designation

Table 4 lists the percent change in diameter at pressures applied to the circular
coupons, where % change = 100 x {[(final diameter) — (initial diameter)]/(initial
diameter)}. The diameter is the dimension of the sample that is perpendicular to the
direction of the applied pressure. The paper samples change very little in the diameter
dimension under pressure. Teslin demonstrated a small change in diameter while
comparative polypropylene showed a much greater change in diameter in the range of

pressures useful in the practice of this invention. That is, the comparative polypropylene
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15 Scotch Hi -Tenp Masking Tape. The tape was pl aced

over the circuit of one sanple so that the holes
w@oionosdasl with the ends of the circuit. -The PEpPES2004/000715

afforded extra strength to the trace and the holes

al l owed access to the trace for resistance

¢ r

sH RS M BRE Mean H RS Hrhi o Pt R e R P B lica
pregspie, ddemaatepdlmmfhmmnmetwo 6 cmby 6 cmby 1.2 cm

stainles t eel s and 20 conpressed to 113 MP
The FiaGia ihs s dab i o 2l e QI BET e PIGHSif AL Sach pressure
THEElﬂy?%aﬁged JoiAd gn:atf:ﬂ ?ré@&lr@?s dHdwinng tcﬁ@ﬁnal H&@u&%ﬂ%& of the initial

was fol ded and sharply creased, Teslin side in.
volwse Sdraackesanmge, eaa.ée&icetl@llﬂtﬁd b IdBVlleg ther edirse weeash pressure by the

i si bl cuit i S ex e denonst.r at
vafde 8uEop MGy finh btz TR R becseR PRy gt § tal Paper
matbS8ls d8ITRS I BHE S sighei Ghedidngd 1IP'ffolﬁrnE BaaedesufCWhile the
using an additional |ayer of "material 25 applied over

copiparative slaise. pol Iixepri¢re @iume mn@nw@ ogn@p@tm@do Lps@swges of

R Pl BT B At Lo BR TR BB A% hiry 40% a

préRiiRE 108 17,000 pE 11 NBIPYasd isRated with mcr owave
eneh%y The sanpl e was placed in a Canada Technol ogi es

M cr & Hugmtaohe rratiaskipdesyecatmognalizsdeompresion thickness (the

dl%{ﬁgl otﬁle %gecsf %oﬂlgefllel toht% &4 %ﬁ?@ %}ﬁ;ﬁ@é{ Ppe%g\ﬁrgﬁ#e({}grmahzed

crack res or ed e con

vom&hé ax @maﬁﬁed/@n%ﬁ@ﬂ&ﬁﬁibkﬁeé?@r {he B0 O 6)t0a7 diSen pesdnipd, @livided by
est was perfornmed to neasure the dlfferences in

m{twécwbrﬁéwn bickpess 3 B0 MRy Thoepipraai v Rolyriopyleng volpge is
i L A e
th@hnqm laihcieases Gadihorier NHs®ripls wastub et the prantld:ehcef this invention show

conpr essi on node W 00K Newt on_fi xtures
131;&‘%&9?8%%%%@?%%@6&?8358%‘5% Btet HESHF bt opneingrease
dihxﬁ&@ﬁf}éaf&!ir%% b VeSS T volbmR! 2GKFihre® 1[1&&% ds, BRMPAR,
coupons, TI. cmin diameter, was prepared from
papiiedaty papat h@d chantgefiobimeprihasly dve teachangatie corapregware thickness
mat er i was su jed as a sheet or film. Each sanple :
ar%frﬁlg%t%a%yﬁs{%e gﬁa@'e bet ween the 10 pl atens of the
Instron and conpressed to an initial thickness at
approximately 10 psi (0.07 MPa) to begin the test
run. The thickness of the material is automatically

nmeasured by the Instron, the dianeter was neasured
using a pair of calipers and neasurenments were
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change

in diameter in the range of pressures useful in the

practice of this invention. That is, the conparative
Exaginloddpyl ene 27 WO 2004/ 080138 PCT/ US2004/ 000715

sho 1RG5l BF fana LRED&a dilBRIueE REBSAgEULiRN the

tO'?ﬁg.g%¥e§t?€n o? t eargmplieggI g?esgure,.gue to
mdnafaetaingfttdwiqies bhthesaveptien. Spapifically, Bltovd is meladatiew of RFID

f n l.Lized vol une versus pr.essur t_each
g e FIC- 12 Hiasates adrrs seciraplvEw f RIIDeg Aoy b exgmplary
emrbRAML AR IATHAE 4 0BACIAdR Glnu@ibefbf él%?icﬂfcohig@nélﬁi, tihghidin® an
volunme for each sanple, and is cal cul ated by dividing

antehea fosimedérom a phiedlitp pélpons 42.blp addlitiape Rifia tag 4Qingtpdgeppacitor

f h . i | f ' .
e ST

coRMRAGE sitd14y IR owiatsdbyiessure while the conparative
dense pol ypropyl ene vol upe remai ns nearly constant up
to pgrdysekasplefone Dy g OhiE COMPINRLEIN, ag 4P afe formed by

de{)rgstit%gi £ ia?ela &da ﬁggt‘ﬁ f)(gvcie? ggﬁﬁgsﬂl&l b UrElebRd 'i)L)Mio%Q)%sﬂlgstrate 50

and applying pressure to the metal powder composition in order to capture a pattern on
substrate 50. A hydraulic press that has one or more projections, such as hydraulic press 1
illustrated in FIG. 1, is used to apply pressure to the metal powder composition. The metal
powder composition that was compressed by the projections of the hydraulic press adheres
to the portions of substrate 50 to capture the conductive pattern. The metal powder

composition that was not compressed by the projections of hydraulic press does not adhere
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10 pressures of 17,000 psi (117 MPa) and above. Figure

9 illustrates the relationship between normalized
w@eoopogEss on t hi ckness (the dinmension in the BCT/E81000000715

parallel to the direction of the applied pressure) and

normal i zed volune. Normalized conpression thickness

, K . . : Lo
o W bRESOTBRATERENG), AnPIERaBLaRARSs pfth e ormor
ekﬁ@ﬂ%ﬁﬂﬂmmxen@olypropylene volune is 15 substantially.

tapt ( about 10% of tial_yol | t hqugh
" dedhesed abaerynn of P dtploee 2 4fd Bt o ot o

colti AR Ghee. 2]{23 ‘\}?’E '4? tBat Y551 e ah{énﬁebﬁoﬂﬁ'bﬁ%? mqg%ﬁ@{eﬁmnate at a

I nventi on arge decreases I n conpressi o
firdtlend 62 @ad avecter ead ki Eirsierasunfehduttenriatgdréomnof the captured

patl&%ﬁ E,}e]lgga?tgé gpjistjig (Ey)egrs|412@§$ %f?sggt U end: a%d tgg Sr(l:t{agnaaspeosruérp is
loo%gerdéi/ gﬂh%ﬁhﬁﬁeﬁ) b defiflad bFthandps el une primarily due

ange 1 n conpression thickness 20 are indicated
by €oshepiengladd 464 a8 46B aR0Iet 0803 ®NRETEISADO #/sPODIFE Bnds of

G MRS B BB b SRRy s ena
5259@1 Q%e%ﬂén Efd hiw s degEallieanRichad tb seconbedd 540 @o%ﬁéctlon pad
Paper File Folder < 5% 35,000 241 Card Stock

46Bes further elegivtc 7 e omngoted ntemtqgmtedrg%ummboormwnon SIte 43.
Pol. 72% 7,.600 5 [ | ene -

oD pPAE A s sl A ECnelieq I GG PG capldib pac

cofxenbh 86y RFID tag 40 produced in accordance with the

5 manuf acturing techni ques of the invention.
Sped} bridgs 38)is efectrically cprnegteg (teyforyieaiar prdsq to foxma g clged circuit

el i LRSS 5 BAESRIAH bAOEL eI
comnmhmﬂa&mmsmumﬁeko@ﬁn&ﬁ@ﬂﬁkhgal conponents, incl uding
an FIG. 12 illustrates a cross-sectional view of RFID tag 40. As illustrated in FIG. 12,

RFID tag 40 includes a bridge 58, a capacitor dielectric layer 60, an antenna layer 62, and
a substrate layer 50. Antenna layer 62 is formed using the techniques described above.
As described, antenna layer 62 includes a plurality of loops 42 formed from one
continuous trace, capacitor plates 44, conductive pads 46, and IC connection pads 48. As
illustrated, bridge 58 is electrically connected to connection pads 46, closing the circuit
and forming capacitors. RFID tag 40 further includes an access hole 64 to IC connection
pads 48 to allow an integrated circuit 59 to be included in RFID tag 40.

The antenna structure is described in detail in a patent application entitled “RFID
Tag with Bridge Circuit Assembly and Methods of Use,” and having serial number
09/909154, the entire content of which is incorporated herein by reference.

Three samples were prepared using paper as substrate 50.

In one sample, a bare Atmel AT88REF236-13 RFID IC (Atmel Corporation, San

Jose, CA) was electrically attached to the IC connection pads 48 using an anisotropic

conductive adhesive film.
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antenna forned froma plurality of [oops 42. In
addition, RFID tag 40 includes capacitor pI ates
W@ 2084408038 " 44" ), connecti on pads 46A, 46B (" 46PQT/Us29d4/000715
an integrated circuit (1 C) 10 connection site 48
formed on a substrate 50. In this exanple, one or nore

8fep he (?tﬁ%n}p sglrﬁ%g%lipacgipgeﬂ Et qu)\ﬂé)z 2? ZLOHg?gql,trxsonant att 13.56

MBz SPasefiaclbdrotid I(Dc&fne&thtbﬁ efd@hﬁn@ Qoldantd gl &/¢ddductive bond.
pressure to the netal powder conposition in order to
The sppagitance wtﬂmrnedow deprassing dhearsp at ixidgedi8araspking e g gesonant

35 " 8 B REPRRELAP IO UGS fatil betocn
(bR eSS e gedder hteniiindl the suniiste) andmpdisdnt tody. thd headeredtaldistance of 5
powder conposition that was conpressed by the
Cipr oj ections of the hydraulic press adheres to the
por j .
Dt o SppH L e dabih BEELHE il GERHGLiclE e dipot
ananPfe 8 REFIDVag bperpblejae1s Mitk. dfhihiaghad laipaclrged 916 d#idz RFID
not adhere 29 WO 2004 38 PCT/ US2004/ Q00715
1CIDNsy im0 Shinhriciaes ErBvBEieTHEOROB RN EGRRRIC RS WA) and
f " sged%{ GRNPROERWas & with
Wég%%ﬁ%frc%gt@fd%? i te&emxan‘p&) (\eN &}E& e,n [ oops 42 ?Sor m ‘gl :
Mslpl-]PmtocnhUHFfreaﬂur avaitabiet ﬁrcvmaﬁw I]B rﬁqrpéacd VWoiogless4d Mérsty, NY, at a
forn1§ ? antenna portion of RFID tag 40 term nate at a
digagee ol PleMy 52 and a second end 54. First end 52 of
the antenna portion of the captured pattern is |ocated

out si de of | oops 42 and the second end 54 of the
Examiple 34 portion is | ocat-ed within an inner space

 are Arecrme YR BRA oiOVS "Rk e LR B B, referred

to b Cardtn@ad.” Wag fapabih b phipeshystratonrne (Ebch@llplepjﬁj hd&Avdrsthe final

electrically connected to first end 10 52 and
pressivitca mw% @bﬁt%‘BaS @elésreé@tsltqpc b BEEOBE RiFEE PE AR 1§EEEH (o as

“s&bnsgra? 43{ 2 og‘g}%ﬂag ﬁlﬁ@ﬁ/eueﬁ}df\% é]ﬁ%h@d ﬁcctrédtg ﬁ!)lleé/ 34 3in

CONnnec clrc onnecti on si
podiBionCahibiwaild Bhgt Wﬁh% anec@ioaghds 4@bh ynteomn®E i eAntaddltlonal
the antennpa via_a, cap acltor&ﬁlate onnectj on

acgss gl gt Was wRde iy 3 RSP R oHER BB EeRdRa 4%”‘5@53 holes
witl ahgncgd gﬁcﬁ%egé@gzgﬂ (agtehﬁm %(31155 Befonesizd heo idy Shvstae 34.2

seco xcept for the open or space
wisahsyelamihafed mcamxmma 48 isir¢gsratigh. Endicab obsybstrate 34 2 were
capaci.tors. 12 il CLOSS-Sec t.i on

strate
CoRPISRRTD 4 sk YIRS fspopan of Beial g e oy leess
ho‘f'@34 RO HABSwE BEPodRRn B me?al %@Q@@ﬂ ih ey, il 1ﬁ Gtgfatternl ppRIximately
0, an antenna layer 62,

the size and shape of bridge 58, Fig. 11 T1n and copper were coated on substrate 34.2
through the mask. The mask was lifted and the shape of the bridge in metal powder
remained. The punched holes 34.3 had been filled with metal powder in this process.

Antenna 34.1, substrate 34.22 and the metal powder bridge were then compressed
to densification under smooth platens at a pressure of 345 MPa. The bridge and vias so
formed created a continuous conductive layer and created an electrical connection between

the ends of the loop antenna 46. The resistance for the vias was measured at 0.3 ohms.
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a substrate layer 50. Antenna |ayer 62 is formed using
the techni ques descri bed above. 20 As descri bed,
w@niogsa38 ayer 62 includes a plurality of | ooOpRCHEES2004/000715
formed fromone continuous trace, capacitor plates
44, conductive pads 46, and |IC connection pads 48. As
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Appljied Wrelgess of Mbnsey, NY, @ a di Si@nce of &
cm Exanple 34 15 A first sanple 1 was de as

3ol |8, A prissed powde? ed net at3 ant ennd,18ef err ec?3

10 dS)5 0antenngly 34, 1, [yEg Tade Oflg a paper| pyostrateg #S

I n Bxanpl e 33; howevel, the final press|wth a snooth

pl aten was del ayed a step. A second piece of paper,

referred to as
Example 35

A metal powder pattern was produced as in Example 2. This pattern contained
20 lines of varying line width and spacing. Table 6 shows resistance data and specifications

of this pattern.
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5

"substrate 34.2," was sprayed w th adhesive,
punched to create holes 34.3 in

and was
posi ti ons which woul d

wa@badognsasg h t he connecti on pads 46 on ant enna BAI/LS20841000715
20 access hole 34.4 was nmade in a position

addi ti onal

to align with 1 C connection pads 48. These hol es

TR 4 T SRR BRI, W

antenna 43.1 in registration.

2. \war.o

cover arl \MJ h

nnrnnlz

wer e

til(aﬁésﬁ %16%4?6 and

Portlons of substrate

whiech covaeroad
VA LELEI A ] UV OT OO

ﬁﬁ@%@%ﬂ?%d deposition of netal’pomder on) access hole
Bres4, but alldopweetl deposj| dop@n2 of netabmpomder inuﬁﬁx@
B a pdlf.@lln apProOXf 4 by 25 theeSizeand
?q% i 58, fﬂg 11. T?n and copger were coat Gh on
S %)° +hreugh 5fe~nask. Tnf3nask—nas ':fted
lmﬁm?Wé shapé of the brjdge in nmetdl "powder rgrmained.
purched—holes—34-3 kn“;been fil!gﬁ wi-h—He 5
%%“ﬂg? in thi's process. Batenna 34.°2° substr af £°%4. 22
Qment he netjal pomder brldge were then conpressed to

densification under snootiT pratens at

345 MPa

conti huous

conducti ve

ayer an

ﬁeé%?

an e e

d pressurc of

b U N oﬁgﬁerﬂp f t‘ﬁb %?Veﬁ oﬁgga\feorf gﬁ‘
Create

eﬂe@erﬁheless it

ctr

witldrenadeistrodbledtwagous mbé1f1eamims aiayt eemhdrowithmit @opatid® from the

The resi st
SPHL aDgHSeRRE 4

thé EHONANE
Hewl et t™- Pac

41941- 61001 | npedance probe.

prepared w
foil

8laihs.

cef%g&p%;e V|8 ﬁas neas%vg

18.5 Mz,
kar d (4194

th a netal

as neasured

on a

d at 0.3 ohns.
Enents 3 Pithiyie gcope of

| npedance/ Gai n Anal yzer with a

Anot her sanple 2 was
powder - based ant enna, a net al
bri dge 58 and a pol yner dielectric (3M

Conservation and Restoration Tape 888 and 3M 5 9502

Transfer Ad

hesi ve,

3M Conpany,

St.

Paul

MN) .

Conparative sanple 3 was prepared using a plated netal

antenna, a
dielectric

circuits had a segnented capacitive bridge,
trinmm ng the capacitance in order to shift

al | onwed

foil
sanpl

met al
as in

e 2. Al

bri dge 58 and a pol yner
t hree resonant

wh

i ch

the resonant frequency. Table 5 shows the data from
trimm ng simlar anpbunts of capacitance sequentially

10 resulting in a shift of

refers to the nunber of capacitors

circuit.
each | evel
shift

of capacita

nce.

"Delta f"

resonant frequency.

n (:a,p"

trinmed fromthe

The resonant frequency is reported in MHz at
refers to the
in freguency between each capacitive adjustnment.

The data in Table 5 illustrate that RFID tags of the
15 Tabl e 5: Change i n Resonant
Frequency with change in capacitance Conparative

i nventi on a

Sanmple 3 f

re tunabl e.
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Cap Sanple 1 f Delta f Sanple2 f Delta f Delta f O
18.5 MHz 16.4 Mz 13.4 Mz 1 21.5 3.0 18.7 2.3 66.4
WE2@4/00128.9 2.4 21.0 2.3 18.7 2.3 3 25.9 2. 0pQRUS2004/6)0715
20.0 1.3 Exanple 35 A netal powder pattern was
produced as in Exanple 2. This pattern contained 20
[i ne(zlrlgf garyl ng line width and spacing. Table 6 shows
resi nce data and specifications of this pattern.
1. 32 M3 20014/c08D1isHhsREHNIGR0R 42060 tht substvdte titt famngelectrical
in Resistance with Different Line Wdth and Spacin
coppapr)t efamelestromagnetic coppBIgatien pisEHL. Fhersin e csmé {yg pattern

coépgk%s.rhidegkiglteg ggletﬁggg gﬂg%&b@d}aregn ek %@gt_ %gﬁla'p%&ion of the

subdmmtecm A nunber of enbodl ments of the invention have
been descri bed. Nevertheless, it wll be understood
that various nodificati ons may be nmade wit hout

2. depapfingd BPHhﬁﬁ‘T ép th aﬁ’l@g: nc%&gn?ﬁesoé rdsBfant label.

i nventi on. Accordi hg er ments are W thin
the scope of the fol I ovm ng clains. 33 WD 2004/080138

PCT/ 200/0 715 Al M5 article rising a
3. con ¢ BEAER . Sk e SiticlateMioiats § B agHency
idgti%gﬁdrp@%, conponent of an el ectromagnetic

comrmuni cation circuit, wherein the conductive pattern

conprises a densified netal powder conposition
4. €O essed ipto. a on of the bstrate
o T Site of b oy ifRina e BRlclPihive’ S SR ©
ld&@mgﬁﬂl&e@a@err esonant label. 3. The article of claim
1, wherein the article conprises a radio frequency
5. The article of claim 1, wherein the electrical component includes at least one of a

capacitor, a resistor, an inductive coil, a loop antenna, a dipole antenna, a connector, a

connector pad, a capacitor, a capacitor pad, a via, a resistor and a fuse.

6. The article of claim 1, wherein the electrical component is all or part of an antenna.
7. The article of claim 6, wherein the conductive pattern forms the antenna to include
a plurality of loops.

8. The article of claim 7, wherein the conductive pattern forms the plurality of loops

of the antenna as a continuous trace.

9. The article of claim 7, wherein the conductive pattern forms at least one

conduction pad electrically coupled to at least one loop of the antenna.

10.  The article of claim 7, wherein the conductive pattern forms a bridge that

electrically couples ends of the antenna loops to close a circuit.
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identification tag. 4. The article of claim1, wherein
the article conprises a radio frequency
w0 d@ansfidsgati on reader. 5. The article of clai PEWPS2004/000715
wherein the el ectrical conmponent includes at |east one
of a capacitor, a resistor, an inductive coil, a |oop
lant Oflanrtifle e RALE laWh@féﬂ?‘t’he Lofr @Y '(E}@Q thrfern FornsUN Gl Pa”[ed circuit
a capacitor, ‘& capacitor via, a resls
camndxmnhuse 6. The article of cIa|n11 wherein the
el ectrical conponent is all or part of an antenna. 7.
The article of claim®6, wherein the conductive pattern
lj Or Mppd :Hﬁcl@rbtf%fhﬂf\ 7 thbféﬁ{ e @ondhchkd patkdrh Yords d Qﬁtor?late
The article of aim wherei n the conductive pattern
aﬁmkﬂﬁoahbaﬁkmcafﬂmyoqﬁ(ﬂ@bp&nmm@ the antenna as a
continuous trace. 9. The article of claim7, wherein
the conductive pattern forns at | east one conduction
1Pad ehegtibleRllaymaAOupkRsh the d@ﬁmﬁ&ﬁﬁﬁ:ta{({’\ﬁ@wh&%nﬂfosfﬂ@ﬁ is formed
antenna. 10. The article of claim?7 erein the
bycdapdsiting viee petiat powddr somposition prithe suhstrate atcbdansifgiagthe metal
es _ends of .the ante | ggps to close a circuit.
PO Saem P D e o OB TS 11 The art el 6
of claim1l, wherein the conductive pattern forns an

integrated circuit connection site. 12. The article
14f cThd artigle ofiskaimgiln whiksinctha diséalippw dgaeqrapasitiar ingluges at least one

o BBRG o, fer, SRMISTLD ARG Yok oh OBRYine

fenna, 1
the densified netal pomder conp03|t|on IS forned by

dep05|t|n%~the nmet powder conposition on the
13y bstheartclged caélﬁslp W;hplﬁgl thg subpiiate compsizges H@aﬁ%maf iSon

ﬁ%gaﬁgh%Jﬂ&%ere gg?g@tlve pattern. .14. The article of

e netal powder  conposition includes
~at | east one of copper tin, lead, silver, gold,
| atjhum. gr um nlckel jron, and zinc.
185 e R Lint, wPebih e et Grinrise et ot o
conprises a material that |s substantially 10%
conpressible. 16. The article of claim1, wherein the
1’5Bubstheaarticle @rﬁplaiimels whenser the tonduTtiwe patttdm Fempfisesloat of 4 plurality

ducti ve attern ¢ e of a
ot oE Ve yalesic Bt o e el e R BB  vor o ¢ han
one plane of the article.
18.  The article of claim 1, wherein the conductive pattern consists essentially of the

densified metal powder composition, wherein the substrate is selected from a group

consisting of paper and materials that are at least about 10% compressible.
19.  The article of claim 1, wherein the article comprises one of an radio frequency
identification label, a ticket containing an integrated circuit, and a card containing an

integrated circuit.

20.  The article of claim 1, further comprising at least one of integrated circuits, metal

foils, conductive inks, conductive adhesives, magnetic storage media, magnetic security
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18. The article of claim1, wherein the conductive
pattern consists essentially of the densified netal
w@ondesolgonposi ti on, wherein the substrate is B&l/E81004000715
froma group consisting of paper and materials that
are at |east about 10% conpressible. 19. The article
mPfiaCdoRddm) ire WARK S8 RS, 18idafhE a&ﬁ’éEPJek Slﬁéch‘ﬂﬂﬁaﬂfast%rs, and
radi o frequency | dent'i f1 cati oR
dle@nﬁe@ﬂmtmglawmpmeat}r ated ci rcwt, and a card
containing an integrated circuit. 20. The article of
claiml1, further conprising at |east one of integrated
2K€i I CVhd SticlRRIf 3laiml10whereif 8NEULE b DYRIInYfShe MERHNEEH b¥i€ern is
adhesi ves, magnetic storage nedia, nagnetic secufity
COPEDITYSER 01a IBSORIBLRCT/ US2004/ 000715 nedi a, sol der,
W re, saturants, filns, |am nating adhesives,
nmechani cal fasteners, and discrete el ectrical
2% 0NpARRaRiicte c&ﬂpnsﬂ}g article of claim1, wherein at
| east a portion of the netallized pattern 'S
conpitéenseend Japp thahbormsssrantenea; aad.  An article

conp f Qr s

ana &L Abaa BT Hau DR falBlod BifIoRR of el RRe

t 0 twRerkipop leakt drieefalid Aildima owﬂﬁ’r ®ipBcifr gﬂ@@ﬁtdeﬁﬁ@d BY a conductive

t he antenna or the capacitor plate is fined b
PalistdRicdentisied metal @pwder commesition i anwibalratp.cue o least a portion of the

mEQTREI phiAR: e WP ShE B0tk At | east a portion of

attern I's conpressed into the
substrate. 23. The article of cIa|n122 further

co isin cnecio ads that are in electrical
%?ﬁ %P 8.% f;a‘ o%‘ &l COIRLISNE ORneGiion Raghthaiiye i plgctrical
co%mﬁtﬁé‘e?tfon%ﬁl %pdsﬁ@elﬁﬁmf%lo 5hdrin ?fefa trb:?lgm g}z/h etddfinect pads is

conductive pattern. 24. The tlcle o}

defiped hg thecongudtiviepgtternbr i dge that ‘conducti vel y -bonds to
the connection pads to close the circuit between the
ends of the |loop. 25. The article of claim 22, wherein

24 he TR Aliclpeyeiaim Q0 MRAHEL dodibrisiel dlﬁ?d—:geaehaﬂc%ﬁ@ctw ?%oﬁﬁs to the
copper, tin, lead, silver, gold, (lo at1 num graphi
s

CORNESHOR PASLS 0] cbose|the Gircu, bewnzthmn ofahe laopadi o
frequency identification systemconprising: a storage
area to store at |east one item having an associ at ed

25 adiThefargele @ clim RO enlidréinGiad inefal pagderaddnidbiBoA cludes at least
praoxi mate, the storage area to produce an
on@p@ EORRSHveiin kel csikve i2gkd, Blanum, graphite, aluminum, nickel, iron, and zinc.

26.  Aradio frequency identification system comprising:

a storage area to store at least one item having an associated radio frequency
identification tag;

an antenna proximate the storage area to produce an electromagnetic field; and

a radio frequency identification reader coupled to the antenna to power the antenna
to communicate with the radio frequency identification tag,

wherein at least a portion of the radio frequency identification tag includes at least
one electrical component defined by a conductive pattern of densified metal powder

composition on a substrate.
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a radio frequency identification reader coupled to the
antenna to power the antenna to comunicate with the

wo 20bitosfiBequency identification tag, wherein apCT/Es®D4/600715
portion of the radio frequency identification tag
i ncludes at |east one electrical conponent defined by

2 coftuststeneopelhine?6) vitferels fisd hiiRdrdmbMy BONH R Ation tag includes:
c:orrpa?j ition on a substrate. 36 V\Dé%04/y080138 ion tag includes:

PCT/ banleer ikt forms anategpaaah of cl ai m 26, wherein
N . . g . " el : )
€ dt @&ispor?er &ggtﬁE)g%ﬁléftgglgédlfcﬁlf}%(iuggeﬁl atfe)l elhlggggp ﬁ%é’g{e%lﬂﬁe

| east one | o0 ornms an -an

capagharein ap leastorel cf cher antainkand chend apeakitd? pldi@ake RANAT by the
antenna; wherein at least one of the antenna and

tne
Copﬁ'écné'g;?%?ﬁnor plate are defined by the conductive
pattern. 28. The system of claim 26, wherein at | east

a portion of the conductive pattern is conpressed
28; nt dhetsgstsmbftolitne26, ereTinat 16368 b @Ot oFltidd $Bndfictive pattern is
a

rein. the electrical conponent conprises one of
co%%%?@??%$3&%5 % or, an inductive coil, a |oop
antenna, a dipole antenna, a connector, a connector
pad, a capacitor, a capacitor pad, a via, a resistor
29and Thersygem Jolain Aewhodinbaplecsicabcomigmesi ddnigisedlomk of a
I nmet a owde onposition in a pattern to
N T E RN SR C R
comlcei pANRGRPhéiCor COBTPAB S Fall vial 4 tebisfor oY rlENST {y1 NG
the netal powder conposition to obtalin the conductive
pattern. 31. The nethod of claim 30, wherein

3pdensy fyi .xetal powder conposition further
conpr]{néﬂggggéﬁgflggi&hg the netal powder conposition to

def demositingamduaibsise paﬁdtﬂrpamxdea&omﬁcfsﬁﬁdﬁ% a ttln%%%tfox?ﬂ‘% least
or

|010{) that forns an antenna, and at |east one capaci
OneF 5t CH QRO fPRan elerisrragnetis ¢dvembniogtiaf artitle; and
ant gaR&viny4hd lL.ai m 30 rein the netal
powder & g%'gtos ?{%ngﬁggﬁ% Cg)%‘é) g’ S@to H}t% %tf‘mgﬁ Eongluctyppatiern.
tin, lead, silver, gold, platinum graphite, alum num

nickel. iran, and zinc.  33. The nethod of claim 30,
3ah ellfg? ]’qletlwg o ﬁ%é‘f‘rét ﬁ(ﬁﬁrs’r?p‘ﬁn%%m& thegmetal pdwden gompasition further
cortptist aosifldgthd A% oSt : t hod. of
° claim 30S, @v\hggr ei n 2?%2@ gﬁf@t atg lgogg%i%}%ea!s@oﬁlgﬁgwe Pggern that
defige algesiode dfopdhatifomBin asiteme;j andth écasosduabicier PRid &&dtrically

couATh HioB5 SFRL! Alda O 1 he

32 The method of claim 30, wherein the metal powder composition includes at least

one of copper, tin, lead, silver, gold, platinum, graphite, aluminum, nickel, iron, and zinc.

33.  The method of claim 30, wherein the substrate comprises a material that is
substantially 10% compressible.

34.  The method of claim 30, wherein the substrate comprises paper.

35. The method of claim 30, wherein the conductive pattern consists essentially of the

densified metal powder composition.
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densified netal powder conposition. 37 WO 2004/ 080138

PCT/ US2004/ 000715 36. An apparatus conprising an
w@bk@enswmamgnet i ¢ conmuni cation circuit forned BCT/USAE4/000715

in part froma conductive pattern on a substrate,

wherein the conductive pattern consists essentially

3eof aAfl %ﬁ?&rﬁtﬁ? EoriBlidhe mm@cfom‘@gﬂaaé kb fini@R6h wﬁl&ﬁ?foﬁned at least

the sub ate 1s selected fromthe group consisting
in phrtgegye p camdhicting patieah on pisabstrates werdie tetcoathotive ;p@%m consists
appar atus_.of cl.ai.m 36
esSRLEREp dr s lng PR a3 Botust. PARUPoIR theybifeidls selected
frdrh ﬂw@’@ﬁy cbﬁ@d@fhrb,fo'f paier Qfd htbriafthhafé 8t BARABERAY% compressible
identification l'abel, a |abel providing
di rect - cont act connectlon to an integrated CIrCUIt a

gtic nt.ai ni-n a e ed circu
contf{l}e gltagﬁ Olfrﬁ: Ig rftil GFPP ar%t%h*t‘%“&r‘@a rSSO&F‘%tHF‘I%E} aradio
fregnendy idemnsatioBtag, Eﬁ"ﬁidﬁﬁﬁ’@fu%hbbgld@ﬁtlﬁéaﬁbmlﬁﬁl AR Bk dViding
the circuit conprises at |east one of an el’ectri ca
1r@ptr%qﬂtqct cgnqe@@@n WrAndAtegrated Q;rc,gg; atiglet gﬁmtamlrg an integrated circuit,

t capa0|tor
» GRORGARIg & FRBARE oo bufry SRR Al o 2aS3 e
fron1the conductive pattern 39 The apparatus of claim

wherein the densifijed netal powder conposition
r nc oI hgeeraratys o4 slairg 16, Whereinghe Fircuif gpmprisggiat lsast gae of an

elé&ﬁjiéal cﬁ?élﬁf 'an(%g art C Qhal &1§‘pleaa!nﬂa%g %onﬂ%&gﬂ? ’COI’lIllCC LIt é)ag nd

zinc. € COhprising a con
capavitar, Su,dapacrlm platapladridpe) anhinduwtine ueil bvdea Vthafbtrﬁémfrf)mftfi@
Wh? art of one or nore electrical conponents,
co F@Fﬁ Y$B conductive pattern consists essentially
of a densified netal powder conposition, and wherein
the substrate is selected fromthe group consisting
39f pdsappantss whtlein 4bswhdirein the demmifiddensitl pivaler corhPsition

r ble. .41. The icle of cI m 40, ere t he
1nc‘iuc¥gg af g%.?t on8 r% c%[‘ape&rlﬁ gﬁaé,rmlg{er §01rdeg IHg?Hl %rap 1te gfummum nickel,
irohesans, | abel , a ticket, a card, a fuse and a

resistor. 42. The article of cl ai m 40, wherein the
article conprises at |east one of a Ioop ant enna,

PO L SIS P ST DT P

pafidre famtd 4l @ it afloak B Adre sBafi€AlTopONEME IvIRiS BRconductive
includes a plurality of |oops. 44. The article of

Pa{qTRICANAYS esspRiiadlyiaf @ deptibied metﬂé Ppueretomposition, andyyhagie the

subbsidle is selected from the group consisting of paper and materials that are at least about

10% compressible.

41. The article of claim 40, wherein the article is one of an antenna, a resonant coil, a

resonant label, a ticket, a card, a fuse and a resistor.

42. The article of claim 40, wherein the article comprises at least one of a loop antenna,

a dipole antenna, a connector pad, a bridge, a fuse and a resistor.
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electrically connects to each end of the antenna | oop.
45, The article of claim42, further conprising at

WO e@gswase capacitor plate electrically conneRtBUS1004/000715
the | oop antenna. 46. An article conprising a
conductive pattern on a substrate, wherein the

4xondyghi A8 4D, fHebEn ld 108p amtehla i
el ectri ggfclec%onent’s, wherein the %%anlgglgtgi&\e/%ﬁﬁg{aﬁ?}f gi;lr?ops'
consi sts essentially of a densified netal powder

onpasi ti.on, erei,n _the substrate is selected frgm
he bRt EREhArg b o STy n Br BrEs pRiices 13t
elédtrit&BSdona& @ to chOfYend 6NMME AfEhRA Bopand wherein the

article further conprises at | east one conponent that

IS not a conductive pattern consisting essentially of

densifi. al ,po r. 47..The article accordi 0, .
4% o TRCAER oeleEh 427 B etdnsf Mot B BRI eleBiicaly
conpeiiedtd e 1dop aatenh@ast one of an integrated circuit, a

battery, a display and a sensor. 48. The article of
claim46 which conprises at | east one of a connector
ad, ' " . T rticle of.claim .
462 0 V\ﬁg rafetl‘r:czé ﬁ%l?}%ls%l%%c%ﬁégtgfe a%aée%t%{) 01{1 % %lﬂ)asir%\tiecfvgerem tlhe conductive
patenpforme all ar paoofioret drteorpa@ldcaidal c&fipontiss, #hédefil @e @bnductive
claim46 wherein nore than one plane of the article

PalisFRyFansists essentialhnplca depsifipdimealpoveder cqmposiien, srhsraip the substrate
is Gb1gd |oSd i
s PP R AOn e BT BRI il 3Rt B0 Beb ey Rl lbout 10%
comgyessitile, ast ehagdn thediticle fiagretompses ut lehyt offe domponent that is not
solder, wire, saturants, filnms, |am nating adhesives,
UGB PR P AL a2y g P fdentifiod Bitst Bavder
PCT/ US2004/ 000715 52. The article of claim46 further
conprising at |east one of an integrated circuit, a
4lwet al Thohiticlezaceesdingdt iclremiddlyhiah sonldbatpireadiag igscivepntact

ooIRRAER S b SEo TPy Pt ARt tp B o

mechani cal fasteners and discrete electrical

conponents. 53. A nmethod conprising: depositing on a

. Bsubstheaarticlggef elain 46 aihidieeorpripres aldeash oBoahr exwiebepad, a resistor

ang%tfﬁgé.f.al a metal powder conposition in a pattern; and

ensitying the netal powder conposition to obtain a

conductive pattern formng at |east one electrical
conmponent, of an article.

49.  "The article of claim 40 wherein more than one plane of the article comprises a

conductive pattern.

50.  The article of claim 46 wherein more than one plane of the article comprises a

conductive pattern.
51.  The article of claim 40 further comprising at least one of a metal foil, a conductive

ink, a conductive adhesive, magnetic storage media, magnetic security media, solder, wire,

saturants, films, laminating adhesives, and mechanical fasteners.
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54. The nethod according to claimb53 wherein the
patterned deposition is perforned wth the use of a

W@ e@nosd13s 55. The net hod according to cl ai m 53P@iTES®041000715
a conductive pattern is produced on nore than one
pl ane of the article. 40

52.  The article of claim 46 further comprising at least one of an integrated circuit, a
metal foil, a conductive ink, a conductive adhesive, magnetic storage media, magnetic
security media, solder, wire, saturants, films, laminating adhesives, mechanical fasteners

and discrete electrical components.

53. Amethod comprising:

depositing on a substrate which is either paper or a compressible material a metal
powder composition in a pattern; and

densifying the metal powder composition to obtain a conductive pattern forming at

least one electrical component of an article.

54.  The method according to claim 53 wherein the patterned deposition is performed

with the use of a stencil.

55.  The method according to claim 53 wherein a conductive pattern is produced on

more than one plane of the article.
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