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Cl RCU T COMPONENTS USI NG DENSI FI ED METAL POANDER TECHNI CAL FI ELD Thi s

i nvention reloategoomsel ectrical articles made from netal ponaeeeo4/000715
conpositions, as well as to nmethods for their manufacture. BACKGROUND
Patterned netal articles, such as printed circuit boards, have many uses in
the electronics industry. Printed circuits nay be made by applying pressure
with a heated die to netallic particles on an adhesive-coated substrate.
Metal particles may al so be mxed with a curable organic binder, and applied
to a substrate using an adhesive |ayer, heat and pressure. Printed circuits

may al so be produced by enbeddi ng conductive granules mxed wth an
inorgariic matri x h@ WEIHEGH{{QM&GEE‘HGQSWQMQAM CGEROUKLr eeni ng
met hods may al so be UOMPONENES WSING DENSIFIERNETAL ROXVEDER s and
conductive particles to substrates, and conpositions including

met al | o- organi ¢ conpounds and net arECHNWRIAL®IEBE DY al so be silk screened

on a substrate andidifalitdntaled idEeritdl GHidlesIAdeSTin A ;RUREN SR SRR

organi ¢ binders in these conpositions are poor con ctricity,
and, wien maxwedlas tdmathbds farchghemntimdhasre. r educe the overal |l conductivity of
the resulting circuit pattern. The use of inorganic and netall o-organic
conpounds is limted to specific conbinations of materials and particul ar
substrates, and requires high procegBAQEGCRODNIAt ures. SUMVARY The
invention provides an article conprising a_conductive pattern on a_substrate
that forns all oPajened setadpdicls. sk as prieled FireH! beasdp bvermnanyoseg i the

Compr | Sea. a BReHFTBHAGE 3R ke bl pEARIE D PRGOS B K PGB,

appar at us CeiRictaglid\shridled €&t adiasivk-@oRed Ratstrhte Met@part@iidsafifipalt®bahsaidd and
radi ate energy and optionally at |east one capacitor plate electrically

coupl et t o tWith 4 aupblopraanis bindesand applied ine AbsteasoRtng a1 pdhgsivadayentheatrad
ant enna, m%rrc%lsuqe.ai’rint%d \(/:\chi%oﬂli&p g@(} §é3 pI%ngéCH%%OeQn%e%gglE]C%nduCtiVE: granules mixed

with an inorganic matrix material into a heat-softenable substrate. Silk screening methods

may also be used to apply mixtures of organic materials and conductive particles to

substrates, and compositions including metallo-organic compounds and metallic particles
20 may also be silk screened on a substrate and heated to form a circuit pattern.

The adhesives and organic binders in these compositions are poor conductors of
electricity, and, when mixed with metallic particles, reduce the overall conductivity of the
resulting circuit pattern. The use of inorganic and metallo-organic compounds is limited
to specific combinations of materials and particular substrates, and requires high

25 processing temperatures.

SUMMARY
The invention provides an article comprising a conductive pattein 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
30 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



| east one of the antenna and the capacitor plate are defined by a conductive
pattern of densified netal powder conposition on a substrate. The ‘
conmponent VQROKIBE3E nventi on may be conbi ned with ot her MIMFEAGK87160 form
many functional articles, for exanple, radio frequency identification tags
(al so known as RFID inlays), RFID |abels, resonant |abels (also known as
resonance |LabghSdsihe BALENARE FOMPADRI a8 e tcfificd By §00R il EPAlctn B Vi di ng
di rect-contact connection to 1ntegrated circuits,”tickets of cards which
may opt i ondehtified ortad powdertcegipatiédn o mesubdtste. batteries, fuses, displays,
sensors and the_like. The ipvention al so provides, c9Q nents of systens. For
exanple, in a r B§iCOMPPRHR SITBERECT F‘?f"a‘(thed%‘?‘r%%ftdg‘?ﬁth tI?I‘@r FIRRBENSA may
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proxi mat e the storage area to produce an el ectronmagnetic i and a radio
f requency kndemntds REEBtinlays )y REARabelopb@cnt labdlh éal sontrerwnpast rosqpaieer labdi®, ant enna

to conmmunicate with the radio frequency identjfication tag. At |east a
portion ofhardwase cempenenissyeioatantedaptpbsleproyshing dEect-goRtast caarecHyn i
conductive_pa n_Qf L L r j: 1 & . strate. In
anot her ei%%ﬂﬁtakeé Ctmﬁglt‘?’glggﬁ% P%‘gagcrlrsa”‘ghlgir' g@a&ﬁ%ﬁgnﬁﬁ@o@%ﬁn ?%{gtgfl ,@“‘g‘%gr ied to or
cont ai ned wtgmspﬁtslg@dg?ﬁlygghmmindrtﬁé #ké. goods and used as part of a system
to provide protection fromtheft in retail stores. The invention nakes it
possi bl e to prodedaventionpksaprayides saupenass paaysiems. &or peavenie, inpdadie her
conpressi bl e substrates. Th ubstrates are ner al | nex ive;.
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recycling. e inventive imethod may be perforned at |ow cost since it
requi res diod mdaradiuiiomenet idpatdficaten sradprscoapledriatherdnianga to poyess thot require

extrene, specialized or. slo ocess. st eps, ..and. m..ni nm ze rocess. waste and
pol | ut  on. SESpRgs Eigticds il Uy I free R BB St st 2R (¥ BBtoHal by
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antennae), di pole antennae, connectors, connector pads, capacitors,

capad$ t or peompsitgas A wbstoatgnbvimother pxample ghe Inverdehmay pviden (al so
known as reson e.coil.s vias,.resi.stors and el ectrigal connections
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description below. Qher features, objects, and )
The invention makes it possible to produce a suitably conductive pattern on paper

npl e,

and other compressible substrates. These substrates are generally inexpensive materials

20 and provide benefits to the final article such as, for example, flexibility, conformability,
specific surface properties, and ease of recycling. The inventive method may be
performed at low cost since it requires a minimum number of process steps and materials, SN
does not require extreme, specialized or slow process steps, and minimizes process waste
and pollution.

25 Examples of useful electrical components which may be made by this invention
are electrical circuits, loop antennae (also known as coil antennae), dipole antennae,
connectors, connector pads, capacitors, capacitor plates, bridges (also known as jurnpers),
resonant coils (also known as resonance coils), vias, resistors and electrical connections
between these and other components.

30 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



2 MD 2004/ 080138 PCT/ US2004/ 000715 advantages of the invention will be
apparent fromthe description and drawi ngs, and from the clains.

DESCRI PTI ONW@R0DRRAIGS FIG 1 is a cross-sectional view sCTaskoypdoenais c
press used in an enbodinent of the invention. FIG 2 is a cross-sectional
view of the hydraulic press of FIG 1 that is used to capture a conductive

pattern in agcordance w.th the invention. .Fl 3, is.a cross-section Vi ew
b an arti crdgeeoa g TatenpiibE Ao e Sty SR abd A s et
cross-secti gpalizinisew of a portion of a hydraulic press used for

densification of the captured conductive pattern. FIG 5 is a perspective
view of an article including circuit elenents. FIG 6 is a plot of

resi stance as a function of Ii]gﬁsgzgg?m N%Fﬁﬁ?mm”at es wWith copper

conductive patterns. FIG 7 is a of resistance as a function of the

appl i ed pressur e FiGeldis herossdeniinkl wiatiofa.hybt£ali8 ptess asqdlintan @mbodinimk bizde
substrate volunme as a function of applied pressure. FIG 9 is a plot of
nor mal i%zed $RN§8HPMmE e vol unme versus nornalized substrate conpression

t hi ckness. FIG is..a k .di agr.am i j ry.radio
frequency identi ﬁ%‘afﬁsgﬁ?ésgéﬁ%ﬁgvgve% eﬁ‘%@%ﬁ%ﬁ%%gﬁﬁﬁﬁh% 1¥r§ﬁ%ggrrent .
FI'GS. 11- 12 chpthieSd dontigctpie paieriiih aédbrinkOwithGhe livisfiidief er ence synmbols in the
various drawings indicate |i ke elenments. DETAILED DESCRI PTION Referring to

FIG 1, a layer offlG hsearossoerismabviapedianagiclafollowingbsicoptiregttaccoatictiver a
sel ected part, of a substrate 3. The netal powder conposition 4 may include
finely divi &84 et al particles. The netal particles suitable for use in the

metal powder conpagi4 isQrtrésIGketERaC GBI a poktion ¢ LCtkRkaulic ks usdE@k, Pl ati num
al ym num silver, gold, lead, zinc and the |ike, and copper is
' densification of the captured conductive pattern.
FIG. 5 is a perspective view of an article including circuit elements.
FIG. 6 is a plot of resistance as a function of line weight for paper substrates with
copper conductive patterns.
15 FIG. 7 is a plot of resistance as 2 function of the applied pressure used for
densification.
FIG. § is a plot of normalized substrate volume as a function of applied pressure.
FIG. 9 is a plot of normalized substrate volume versus normalized substrate
compression thickness.
20 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.

25 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,

30 nickel, iron, steel, platinum, aluminurm, silver, gold, lead, zinc and the like, and copper is



3 WD 2004/ 080138 PCT/ US2004/ 000715 particularly preferred. The nmetal powder
conposition may al so i nclude conductive non- netal powders, such as, f.or ‘
exanpl e, §/QpHOE138The netal powder conposition 4 may @EAYRH204060NS one
metal or it may contain two or nore netals, in such conbinations as a

m xture of particles of two or nore netals, particles conprising alloys,

bl ends or m xtures arti .t sec : |, and
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powder corfp&si pdvadess, adh Aaefod epaaple egtapisitea Theunddelrjoayier corpshitiondd hber ent
met al powder conposition or conbination of metal powder conpositions can
then be dePdtin erly 8¢ Hitad PeH ragyegontalh Ve pparegpetalyein saeh ¢apligatigs gha net al
powder co i1 n i The,- narti : he
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shapegl. 16 Of @ idt4llcoats aftisa Jebeldigetal, hpd teXNEED Aderfelyesmeabl ongs,
needl es, dendrites, polyhedra (e.g., tetragons, cubes, pyramds and the

li ke), prikaveler eomapesition qre@mbinitign @5 metal pewder conipgsitiopheanikerdsposiied apRt ur es
thereof. Simlarly, .the.sizes of the netal ..particles in the netal powder
conpost 11 AR oG e Sy e B Aoy BES roarusl LAt B e, o
mul ti - modadorgfiostioh P e BE dRkfiCisenivéasyeror a broad distribution of
particle sizes. Preferably, the particles in the netal powder conposition 4

have a nmean paFhe shge &f the paticlep pr dirimrdal gloyvder domposiivnut cap0RY widelyprBieer abl y
bet ween about. -0.2 um and . about 1000 um..nost preferably bet n about 1 um
and" Shout. Y6 RRETETGR Qe Ak et O GTPE S e E RS B S Shder
CoNMposi ti GRreS@ArIP Shdpe@akLenplhd) FBHAY Shapkd intludd, 1BPEfdnele Gbh&BY oBlbnEacCe

oxi des. Methods are known t'o those skilled in the art and vary for

di f f er ent nvedlgs.slendmitds, ipotyihadia (¢.gd tattaigons, Cebag. pyramnids ahg thedden patsmes) Bakss.ed

tront mont 150 PSS BhpsiipsonRk T crdB AR edel oHTERy B serse! pofira
conposi ti OfkrfiQed iAGhSHBGL pé@r cﬂﬁhbﬁﬂéﬁ@caﬁ@é@'wi&&%ﬁ BB Re’téi on is

deposited on the substrate (as shown in Figure 1) or after capture of the
met alis powdsenqdispessh garticles, Finglir-modal ddgbutidved poglaaizes Suchbroaddiswibutionay

i to. licati f .th t al wd ition to th bst t
The et al GRS SopoLTIRBN: fedditales th A EPELR BT COPRET PP TE 1 o
variety ofarfiQf BBe oﬁ%ﬁa&‘oﬁﬁ)a@l}s@!m& At 20wkl MreRONKIR betw@En ¥bdul 02 @R Sad | | qui d
or solid material added to nodify its flow properties. Such additives nmay

be subst araboul 16p0ramovest pfefaably hetwast about 1 um and about 500 um.

One or more of the metal powders in the metal powder composition can be treated
20 to remove all or a portion of any surface oxides. Methods are known to those skilled in the
art and vary for different metals, and include reduction (e.g., with hydrogen at elevated
temperatures), washing with acidic or basic solutions, and the like. The treatment can be ™
carried out prior to application of the metal powder composition to the substrate, while the
metal powder composition is deposited on the substrate (as shown in Figure 1) or after
25 capture of the metal powder (as shown in Figure 2, described below). Such treatment may
occur prior to application of the metal powder composition to the substrate.

The metal powder composition 4 can be deposited onto the substrate 3 in a variety
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

30 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 mote than 3 % by weight, and most preferably no more than 1% by weight.



powder ,at sone point during the practice of the inventive nethod, so that
the final article contains netal patterns conprising no nore than 5 percent
by wei ght oWwoaddidsoimss, preferably no nore than 3 % by wedhbse6am@d7rost
preferably no nore than 1% by weight. 4 WO 2004/ 080138 PCT/ US2004/ 000715
Suitabl e additive agents to nodify flow properties may include water,

sol vents, apti-.caki.ng agents, l.ubric -al | a C Lpations
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conponents and additives, or exanple, wetting agents, antistatic agents,
anti f | occul elrarectersssice thaheliow dlte davelapddgbisauires axihe swkicd ahths sahsiTaiesuchrasdr y
fluxes, provided that the final article.contali nmetal ,patterns conprising
no nore thah"5 pePEEnt? V%‘V‘ageﬁtf%gfs 05&’8?’%?333 %S%@S?gfg_aﬁfy no more than 3 %
by weight, and R§inep bRESonpasiLoR heytiRaRdel JaddYonset Stonem@an@ X amBakes, 1 f
the metal powder conposition is a liquid slurry, the slurry can also

cont ai n chefreakmpigeweing agers,entisiatiosdettist anviflostulante ovbirats, shadimg agSutsst r at e

3 is paper or.a conpressible terial. . { ractice of the inventive

et hod 1 ni £1tPrPES oG8 el pSrd Tt PirydehetTab i antls S imell B useo
herein, copRhfSShPhE niR&ikEn ShRtceA BHRSIEhEdfddRAMS, §Pefbiblyiid HbRBAS] 99, by
parallel to an applied pressure and that the total volune of the substrate
is al so redweight.epd anast miefesablymo mere thapBénby wetzhheler axampleaifdbemeta at i ve
nmeasure, X % conpressi.ble. ns,that the dinension of. a.substrate neasured
barall el ¢ oPalCauRRERS ISE SoL A Sy T Ao R g At B o

di mensi on i BrdvBhtSoxsiAtiea bf 8B métalbodeMPa and the total vol une of the
substrate at 30 MPa is [(100-X)/100] tines its volume at 0.07 MPa. If the
di mensison change Sitbstratie3 i papest argreompressible mptpiitle dn preepraciice ot inventivel une

h ield differ | f X then th | | f the t | i
ised to’ def MO GllnE Fer s e S BBy Toreed aurr gerel, % 1o 1S
Conpr essi bi kbreksbld s taeh sibseRe iddaced indtssiiehdiat farkidto ARYpdiRdMeasur ed

as part of the process of substrate selection. The conpressibility is
measur ed overessne and thakthe total volume of the substrate 1s also reduced by a similar amount.

When used herein as a quantitative measure, X % compressible means that the dimension

20 of a substrate measured parallel to an applied pressure of 30 MPa is {(100-X)/100] times
its dimension in this direction at 0.07 MPa and the total volume of the substrate at 30 MPa
is [(100-X)/100] times its volume at 0.07 MPa. If the dimension change in the direction
of the applied pressure and the volume change yield different values of X, then the smaller
X of the two values is used to define the quantitative compressibility of the material.

25 Compressibility is a physical property of a substrate that may be measured as part
of the process of substrate selection. The compressibility is measured over an entire
sample of a substrate (as described, for example, in Example 32 below), and is not a
function of 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

30 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%,



sanple of a substrate (as described, for exanple, in Exanple 32 bel ow), .and
is not a function of |ocalized behavior as may be observed during the '
appl i cati enp efvspg@ssure in a particular pattern to a paednuszomafooeris
substrate. Conpressibility is a function of the structural properties of the
substrate material, particularly the presence of significant amounts of

i ds, i -fib . h . Pref | y,. followi
"ol ease ok PrdpapilheSL el al) peras Eers MR 3is aeshalBet Vol ume.
changes ofpeadent €a8pred dityopdRvEP R INABA,38 4 Redsh HREQAVI ARG /thaintaiaigneRkBher abl y
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conpr essi ?‘ty achieved at 30 MrPa. Fully or highly dense materials, such

as exgruded or mARtorMPINTRELSE nldtdriBs, sWbhYas eR¥Bddd dr daSiGiolRResC mmsgﬂfa?ot ropic
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sufficiently conpressible for use in the process of the invention. The
subst r at e &nemgretresthtessoiniplosite mhiedhls megrsbowhainid chremgedepdneratitg/andand ar ound

a rod of approximt cmin dianmetgr, preferably 2 cmi.n dianmeter, The
SubstPare ShRec arIdy eGrpestiEo bR suftrisely SR e it F R ARPTRER b |1 ¢y,
and prefergblweh@as, a thickness of |ess than 5000 microns; nore preferably

| ess than 2000 m crons; nost preferably less than 1000 m crons. The
substrate 3 i s Preeubstatd § nlagde fleaitde) sthishemedrsstthirhié megrigbent byehamdtasdundatt t er n

which is forned throu he practice of this invention. , Substrates

Sul tabl o 1O CE RRPTOHHY SETLR FPaSs ARGHTE S TN GABSBAIOF U AEGHB PGS bl o
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synthetic or haturally occurring polynmers, or" conhbinations thereof.

Sui t abl e flesstharof000hewers ubstermatiemblniesutian AR wEens; mesuptefegpblylieys thay and
wet-1ay no vens, nonwovens made by nelt-blown fiber, spun bond or spun

| ace processesMfS¥en and knit fabrics, nenbranes, foams (preferably

open-cel | foamsjne substrate 3 is preferably less conductive that the conductive metal pattern

which is formed through the practice of this invention. Substrates 3 suitable for the
practice of this invention include paper and compressible fibrous and non-fibrous

20 materials, including those manufactured from synthetic or naturally occurring polymers, or
combinations thereof. Suitable forms of these substrates include nonwovens including
dry-lay and wet-lay nonwovens, nonwovens made by melt-blown fiber, spun bond or spun ™
lace processes, woven and knit fabrics, membranes, foams (preferably open-cell foams)
and expanded webs, and webs comprised of cast fibers.

25 Paper is one preferred substrate 3 and a variety of papers are suitable, including but
not limited to kraft paper, stationery paper, copier paper, filter paper, newsprint, cardstock,
folder stock, printing papet, 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

30 papers may be calendered or non-calendered, processed to provide various finishes and

coated or uncoated.



and expanded webs, and webs conprised of cast fibers. Paper is one preferred
substrate 3 and a variety of papers are suitable, including but not limted
to kraft paperyossatsBonery paper, copier paper, filter papeFr/USHewsiint
cardstock, folder stock, printing paper, specialty papers, paper products
such as pulp board and the |ike. Suitable papers may be nmade by vari ous
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filler and wohhabfisie et iid WRh 65% dflig vedlininalulingit, t abl e substrate
materials may be fibrous and fiber-like materials including silk and

cel lul osic or |i gudedesahstaieanatanads may de fibreits and fiberlikoaaptsrials ingluding hidlemp,
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pol yet hyl ene and Sp8rslp sdpsiren ein bpoags fromenvricpotypolimphdndudips| yet her's,

pol yvi nyl chloride, sil cones, uor opo LS ol,ysul f s, .nhylon
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silica, zirgahingrs,ahdhikdle combinations thereof.

Substrates can optionally include inorganic filler particles, such as ceramics, metal
oxides (e.g., tantalum oxide) and high dielectric constant ceramics (e.g., barium titanate,

20 barium strontium titanate, titanium dioxide, and lead zirconium titanate, and mixtures
thereof). Other suitable ceramic fillers include silica, precipitated silica, zirconia, alumina,
glass fibers, and the like. Suitable non-ceramic fillers include polymer fibers and carbon
fibers. Other additives include, for example, dyes, pigments, plasticizers, sizing agents,
anti-oxidants, flame retardants, and the like.

25 Substrate materials can optionally receive additional chemical or physical
treatment, such as calendering, embossing, surface treatment (e.g. plasma treatment,
Corona treatment or silanization) and the like, prior to the deposition of the metal powder
corposition.

The substrate may comprise a single layer or optionally a plurality of layers

30 arranged in a Jaminate 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
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glass fibers, and the |like. Suitable non-ceramc fillers include polyner:

fi bers and carbon fibers, Oher additives include, for exanple, dyes, - '

pi gnent's, wbas4#siBers, sizing agents, anti-oxidants, fPraEwES2WEyWOBaANts, and
the like. Substrate materials can optionally receive additional chem cal or

physi cal treatnent, such as cal endering, enbossing, surface treatnment (e.g.
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material or of Anysafbl meded may bs used o dappsit hgreetARPWASE FUIBROSHINER abl e

carrier | e bst i i ye | ayet. so |ong as
A A e e ek g
and t ke adbhgsdnng, kpyigihg] Slowily, posiflicaiecbfor fipiRedbat diicomeappawdert he net al
powder conposition or adhere conductive netal patterns to the substrate. Any
sui tabl e nERMBRPitiAIyMBEbyapriied &n A&HEki applieationwr &) MBBUMRRPRISAHES] Vitbeont o
e = o P4 R Ol By RSPk BBt 4P
fluidized b&slposTivh B} B el @F diffedhp espiidris OF PYbieatéMebéRlingd oh tie Jesifhde
application or in nultiple applications, with the sanme or different netal
powder conphappidopdectivily andithiskesss of Biesendudtiyn pattern amBerdinished pradeatosi ti on
oY D201 e L LG RERhANT Lo DO Bl PR A,
fini shed pt}fac&us%t;atd:%guh@%ﬁzioﬁﬁpm 7gs1ﬁnm Mﬂg @Letaéi;@waer Ndih[f‘d%itio‘ﬁ 4aasfmb§n }irlh a&
asses co etely throu the substrate 3. The optional via 7 is fille
E’M- th netal %ﬁﬂmb)r/A@@ﬁﬁ@Igﬁl lineyrp man de speshin cmmtainpthgm%éal POWAPF GOPAOBINAN 4 i ner 6
may be useq,itthﬁ1 tﬁggt%nrh Hg? &'J%In%l r(ﬁ)c%\é\glgé conposition 4 wthin the optional
via 7 during proceES|ng. he SgBstTate3 and the optional liner 6 reside on
a platen 2, whi Che sy rmdihabmiRMablined 6 rékedd 6108 plabiids afich Bay Bd t hough
Figure 1 depicts a flat configuration for__platen 2 and substrate 3, other
geometr i es maidainedy agdesihediepparabupplthpugh Figure | dapics s fa senfigratipader cul ar a
curved geo Wi | . i i i .
prof ect | onbrse s A BErFLE, U R GleEe S0V TR e 25 B b favenitb dnd n
particular a curved geometry may be employed.

Hydraulic press 1 has a die 5 with projections or male portions. Although it is not

visible in the cross-sectional representation in Figure 1, the projections of die 5 are shaped

20 to produce a pattern in the plane of the substrate. Any pattern may be machined onto the
die 5 (and thereby imparted to metal powder composition 4 on substrate 3), such as, for
example, straight or curved lines, grids, coils, circles, rectangles, triangles, hexagons and
other geometric shapes which may be either solidly filled or outlines of these shapes,
irregular shapes, and combinations thereof.

25 In one embodiment of the invention, 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).

30 The projections on the die 5 also capture the metal powder composition within a region 12

in the optional via 7.



visible.in the cross-sectional representation in Figure 1, the projections
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nmet al powder's selecte or Lein 1 he tal powdéer ‘conposition, as Il as

the proper theeseenf20tdnd 20005t Usdfel protting lpresig@peinahe Fage opL@ SR tesi0amndPa,
application times should be selected to substantially mnimze, and

pref erabl y enidiressuie is @aimtaiecd for vp e Wrseondse Preferalbh Phtenednd 4ig S awar pi ng,
buckling, blj ' r.geco [ I | ' .
mai nt aiq%ed aﬂ{&gﬁ%dgﬁgé?bgotuﬁfgg%e \j\t;éaﬂngggggnéggj g@g n gﬁr’fgﬁgﬁﬁ dzlie geh(%z,dozhrﬂ)gtls | east

the rai sed mpeRtaimedSoio @be than ot s0kdtballged at a tenperature between 20
and 250 C, preferably between 20 and 200C. Useful processing pressure is in
the range of 20 N daptumpprogssy mayhepepirenediing catiBRPHPEPEEHITIRE. oS8 rEn0

seconds. Pre , t -an &, ' ' : C
and & pressareperits bR BRI sHforn- B FRIBL AT, A AoBHastiL g™,
than about 60 Sesrmdsnatckine negbe hasdipd ocibs sormmyf Reroves widewetbs thacts,Ghtdtauous

process using, for exanple, _a rotary die, or in a_batchw se or
st ep- anfl- r ep®RPOIFIdREeEDs & d e ke, anf thy weiof thg vaptieonindhepwctice of duygetealt e

e SRS PR ATl co uebe, Sheots, sheets.
practice of | argersephge theanethiggdvider 0gmpbditiord, Rearkaidy beoapplioéBy aky | 1 ed in
the art. known method, for example, using hydraulic press 1 alone or in combination with an
acoustic apparatus, using a patterned ultrasonic horn (not in shown Fig. 1) patterned
20 similarly to die 5. The application of acoustic energy may provide advantages in process
conditions (such as lower temperature or pressure) or in the performance of the final
( article.
Repetitive capture using the same or different metal powder compositions on the
same or different areas of substrate 3 may be performed, for example, to give a thicker
25 captured region consisting of multiple Jayers of the same metal powder composition, or to
provide discrete layers of two or more captured metals, or to provide different metals 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
30 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



To capture the netal powder conposition 4, pressure nmay be applied by any
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substrate by "‘a vari venti onal netho xanple, conpressed
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pressure h | i . ' | Cl VA strate
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Al ternatively, netal powder nay be applied to the substfate using a stenci
or mask. Alepbgincf dubkastigibrdootimidquensd uliddrasmeral peddéromshe stenadluhaypcomamaved i n
a pattern c%?]gnggus open section through which metal powder is deposited. If the stencil contains
perforations, they must be large enough to allow the metal powder to move through them.
20 When a stencil is used, it may be preferable to use metal powder which is wetted with a
small amount of liquid, such as water, or a slightly wetted substrate, to enhance handling
on the substrate. With the use of a stencil, it is not necessary to remove excess metal ™
powder, since it is only deposited in the desired locations. Preferably, after depositing /
- metal powder through a stencil, the substrate and powder will be manipulated with
25 sufficient care, so that the pattern is maintained in the densification step.
In one embodiment of the invention, referring to Fig. 4, a densifying energy 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
30 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 mensi ons that netal powder is passed through the stencil and is
deposited in a corresponding pattern. The stencil may contain sections of
cl osel y spanaizqoepdoassati ons through which netal is deposipcadisaptswoerismal |
anount of scatter or spread, to forma deposit of substantially continuous
and uni form netal powder, or the stencil may contain a. continuous open

section through ,whi al powder is deposited, If the stencil contains
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of prodésses and kensifipatisegagds pafennaddn aconimpraus prasags hyr eich mpans, for .
densification ar

) A vvé t li3 n, t ho% sgg&e og tfpe i.C% ention. Elrae%agé qbll %/ . tge_ second
pressure i s ABPPIed” FACHEHELST B HOR° 81 TSR aPH 85T SRALTYSY & S Rip
platens 13, rgedk Profe ubimefdexh@plei HRydhulicifedsNh eleltleormierdReilvaes, bben edges
of the conductive pattern 10 and the substrate surface. Although Figure 4
depicts a  ultrasonic homn. Substrate material may be handled in the form of narrow or wide webs,

sheets, sheets supported on webs, and the like, and the use of this invention in the practice
20 of large-scale manufacturing will be apparent to those skilled in the art.

The pressure applied during densification is about 20 MPa to about 400 MPa,
preferably about 60 MPa to 200 MPa. Densification at these pressures is conducted at
temperatures from about 20°C to 250°C, preferably about 50°C to 200°C. most preferably
about 100°C to about 150°C. With application of other sources of densifying energy such

25 as ultrasonic energy, different temperatures ranges may be preferred, as is demonstrated in
the Examples.

Referring to Fig. 5, the platen 13 1s 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 heretn, an electrical component is any metal pattern or shape or

30 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 scope of the invention, and in particular at |east one
curved geowetagd/osalssbe enpl oyed. Preferably, pressure i BCajustin@dooris
substantially equally to the nmetallized and unnetallized portions of the
substrate. Densification may be performed in a continuous process by such
means, for . exanpl.e, . cal endar r.oll a _hot zone or_a _sonication zone, or
'n & bat chileSEeareEpith lagrpriehnge distl: Bugee jorfigtSisyordeRigh el iRyt | ¢
press, a tbgiaRbr (iites]THEIIBNR YR oA BoilsQ kia Tesibtbiy, afiablie tilsNandSHbELS. at e

mat eri al maybe handled in the formof narrow or w de webs, sheets, sheets
support ed on webstigamdfMesitl(Fd) cande pprsl tgsemppre hpgsseq Pewdeionedshrethe

practice of |l arge:scal e manufact.uri i1 be. . se.skilled in
Phe art. o bPREit e piRa pBGlt ioabcte PLMRRR bk deeBBE Be: o abour
400 Mga, psIRfvER@BduatioRout 60 MPa to 200 MPa. Densification at these
pressures is conducted at tenperatures from about 20C to 250C, preferably
about 50C to Zog@O%St(Riﬁd’oﬂfcﬂ?Emayred Polf0%00C t o about 150C. Wth
application of qther,sources of densifying energy such.as ultrasonjc energy,
Qi 1T erent t enperSEtRisomatae Ty EY g/ ePer Al Mar & BERATLIEHAE ¢ he
Exanpl es. BefiRrmidssd pwder Gattdn. RESstBhcli€ thekdwi datd s nRARMEE foranfrtichBir

resulting article includes electrical conponents corTPri sing a conductive
et al pat t eampledanddhis ienoronalizedsior thegeoss Fegfon anddengib of # particslar weannisstod

herei n, | i cal t t al tt h

conbi at | oATBE A At TRRTe s Rl B e sy Heludls TTi réfed site of a
conponent tpm@ﬁt ihvention Bsh bdusdd tdnRkd Sfigles 868 Eiﬁih%@ircﬂ@é’li&ﬁl@ﬂts i@l es include
traces that provide 11 WO 2004/ 080138 PCT/ US2004/ 000715 el ectri cal

circuits, koupictm pativaehaviipHoFeusmeievieiiegreaarthat alorus % praferebly @reatadian
capacitors, citor plates. bridges, res coils, vias, resistors,

i nductive 88?11%35%81%?]‘9{%86EIF%é%bI%PE?%ﬂﬁ]@DSSOLﬁ/@@%' (FOV) can be used to
compare a pressquc poyieiivdBasH efadtefSiviliRgeke Subskate, HdWiiiBnaoESHahe
theoretical resistivity for copper, according to the wng equation: % FOM =

(Rt hetr et | bandipg mifeabsiymed Hor xxaoples adheyien pf the grcdalinatpmite thenmbpteas eanibsi ty of
copper and

copper 20 UERRNAEY ik US AERSHEEE, P AR R by RLERISH, HEE
of the article around rods of various diameters, as described in Example 25... The change
in resistivity upon bending depends on the components of the metal powder composition
and the substrate material. Preferably, articles including the circuit elements will withstand
20 bending around a rod of diameter of 50 mm, more preferably 20 mm, without significant
resistance increases. Without wishing to be bound by theory, adhesion may be due to
mechanical attachment or entanglement resulting from compressing the metal powder o0
composition and substrate simultaneously.
Following densification, the article including circuit elements may optionally
25 undergo further additional processing such as conversion, lamination, patterning, 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
30 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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sample,. and this is normalized for the cross-section and |l ength of a
particular sanple to arrive at a calculated resistivity, as described nore
fully i n Ex@i@pioes/a80136he net hod of the present invention E&HUSAHEET1Y 0 nake
articles conprising circuit elements with a conductive pattern having a
Figure of Merit greater than about 5% preferably greater than about 10%
and nore pr +:200 tLV
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be: determ ned by neasuring the resistance of the netal pattern during and
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mat eri @& . Phimfledeadil or, pagtraf ion¢ esmorecdlendiicey cotmpondntcior isceineameddcsromiaphetisi t hst and

bendi ng around a rod of. dianeter of 50 nmMm re preferably 20 w t hout

si gni fi cant COMEYNIGRLGR eIGR ;ﬁ‘a“scé@‘.“t watywﬁuxseﬁf%wﬁ@mwc@éo%%ml- Exaspy,
adhesi on ma lﬁl@Dt C hgaki R%&% SRt AN i from
conpr essi ngi{tﬁge%?a poa%er c%?rpggﬁtrtl on an E@%éstrate%%%’t%ﬁg%irlﬂ%gs
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electrically uctive patterns. acturing process of the invention

may be condutsbddrmad a mizjod layteinpbe ednstrestiasofithe READ €¢. by t he preferred ranges

abdve. Lower process t?nﬁ_%ratures_ result in reduced, processjng costs and
i o)

al so enabl e the (48 i1kt tag i ermbipatiqnyag thyt mcliiges ap Elemept gt 2

terrperaturesn_mglrl ﬂé&cﬁﬂt&"’cﬁ@n%@_ous to be able to select substrate material s
for a variety of properties including flexibility, surface enerqgy,

envi ronnment al st dbiahother,enitiddiidn? 0B 0Bl Y 36 RGTH&IERA0d HOBOHELm artice sdichr

recyclability, chemcal conposition, |ow cost and so gn, as be required
to meét vafrfil%’dé“ﬂﬁa]%@éajelfp CQ0F 98 FOTH AECITiGRk GORODERS A aquﬂ‘?acI’gg%BlyS%h@éess

tenmperature an%ﬁ&?ﬂhé,%ﬂﬁx@cﬁn mgh&b Bpﬁfi%%gﬂ}ﬁﬁ%s, criljaﬁit%e&%ﬂ&i%&éaté&?b,‘aﬂﬁ tsed to
provi de an article which y 1nc e atl “or part of one or nofe-electrical
conponent s - fhoidgess eias nfuses aed dxtlikenddn etchoiques may be used to provide at least a major
portion of the antenna, such that the paper or compressible substrate of the invention also
forms a major layer in the construction of the resonant label. Resonant labels may be
20 used, for example, to provide protection from theft in retail stores, and in some
applications it may be preferable for the label to contain a fuse, capacitor or other
component whose properties and performance can be changed by the application of a
current, voltage or electromagnetic field.
In yet another embodiment, the techniques may be used to provide an article with
25 at least one connection pad electrically connected to at least one integrated circuit
(including but not limited to Integrated circuits made on a silicon wafer substrate, often
referred to as die or chips). For example, a conductive metal pattern on a substrate which
1s 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
30 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
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communi cation circuit. The circuit may be used in a comunication system An
Exanple article is an RFID tag. Exanple electrical conponents include an '
ant enna, A¥OreE8e13pads for bridges or junpers, connectBET/Pauat/gogris
integrated circuits, circuitry, capacitor plates, capacitors, bridges, vias
and the like. In one enbodinent, the invention provides at |east a ngjor
portion of e of the
POr L1 on 9o 1B ALy SIS e ARRE ST EAPL By VIR
Optional | yl,argeh&lalal%h&drmgctucm gitec omtiieriatepored aguithatallowdbrieeir accelHnd el enent
and a magnetl c.security elenent. In_another errb(igg1 nt t he technl gques may

be used t cCYPRERHIMDIHE sFlemRf devifn Hrticleypariraiaslyd igensienstof e 18i5erasd mor e
el ectri cal rfc&ﬂ%ﬁ‘?ﬁ@ Steah g@dJ L %E%rlat%ﬁ%hcuﬁ BERLAR: (less ﬁﬁn% r‘SQM’tengnneCt or

pads for b es or junper circulrtry, capacitorplates, acit

bri dges, vinﬁs, fuses and the |like. The techni ques may be used to provide at
| east a mmj or ortion of the antenna, such that the paper or conpressible
substrate of thﬁl Y%@Eﬁp?rﬂlbﬁd%eﬂtf@ﬁ%h&l%ﬁi BRY Pryide nrovidereelecnea r uct i on of

the reson %o%%ﬁ% t?ﬁ%fe%éi@ la%&s gFo(?Eéserﬂa O%ﬁﬁﬁlogégfﬁél}éﬁ dt i ?r\” de

T
protecti on Inre a| stores, cations | may be

pr ef er abl ecdnditidnleo pakdate theseconipanenta Fms:aan@&p&mi usebf osmbihigons o€ onponent
whose properties and performance can be changed by the application of a

current, veiffergemstal pPREe dSHASICOBP B QT ap ﬁllyiéﬁucaﬁéﬁ%la BRbyaldiages ok he
tEChQPqueslc;%?[Fé’ﬁadggﬁﬁg% {rg%]ﬁgge\élsg@ t@r&uﬁsﬁléﬁé fos &Pa?f@sése%n Bffs lﬁga?ﬁﬁk%gé' on

pad ectrica one I n egra Cl I’CUI

but not | i ¢dridétbrisOfor BXagslatenbiftdation bfeSsui@ detentpetatiat) mawalsovedsalt nsunia:strat e,
often referred to as die qr chip %d For exanple, a conductive netal pattern
on a subst%&ablem.r%&asmqw%&ﬁés %ﬁidl opadlyrassspihe samg WEIhPOWESF CAl Pén

connect | on,gad oR0sty il RS S RARRELER inf HRLEREL ordhc W AsicBAbiaplcve adhesi ve,

sol der, I ng of Tntegrated So circuit, to provide an
articl e i nFavtiecinosd, @ahayl hzaaiseﬁﬂ)mwmmmmmﬁpmnexifmm ardﬂmwemm]rduamwcl e to

the integrated circuit is acconplished by _contacting and nmaking an
el ectPi cat 106 GHHERIE BB S ecf%%ﬁﬁé"%ﬁ%‘éc??“&ﬁ obhig heyrand eV eraradeaiva Urdengmnd

pattern. | ﬁ%bda%ggg@gggs b{l )tt? %Pc%é 4 OFrebiRfof of ft fide %&9&4/09%&3’%1& a

PCT/ US2004 exanpl e, connection pads of the
conduct i vecmﬂhaﬁvermvyn;imaeﬂto Gneldcomlangmns ol acrnpreencannkictlsoe madeesition t he
| ntegrat eddl%fle}’e%ltjlcémbltngtl&lslo?vﬁ/lefta? E:sow%grl grrran%r%g efg Elv%r;gctlons of higher and lower -
conductivity. Those skilled in the art will recognize that under different conditions of use,
20 components of this invention may behave differently. For example, under one applied
voltage or applied current, a component may function as a conductive trace, while under a
second applied voltage or applied current, a component may function as a fuse.
In a further embodiment, the techniques provide electrical connection to a battery
or to make a battery electrode. The techniques of the invention can further be used to make
25 articles wherein the conductive metal pattern provides at least one connection to or
provides components of sensors, such as chemical sensors, medical sensors 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

30 display.
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connection by the external device or article, particularly if the dinensions
of 'the integrated <circuit and the attach pads on the integrated circuit are
smal | (| esswiOHAM/AR86pBoxi mately 2 mm). I n yet anot her enbo8CHRRLOMHPHITLS

techni ques may provide provides electrical conponents that are resistors
and fuses. The process may enploy different materials or conditions to
produce these COﬁfﬁ’gﬂcﬁﬁérsemﬂzo%mé%atﬁg!ir?wmﬁ&?pﬂé%ﬁle?onﬁ@ﬁﬁ%ﬁﬁ%f‘h%o@&s odi TTerent
met al powders, (such as copper, tin, or an alloy such as steel’) may yield
traces of | awelwaronideratxiamiptey thehngingpn megipsevide tryjntennateliitle isascarpatiastiante and

fuses. Variati in pro nditions, for exanple densification pressure
or tenperat BF%W%F%@&F‘#& n traces suitable as resistors and fuses.
Addi tional |y tragesenolHie2BHBMERL te IROURRH 26RO de SRS cAhpdRhY 1Y

wi dths to achi eve varying resistance for use as resistors or fuses.
Fur t hersor e syst¢tmsrelixdreplosef wch s ytaondt meredssapracdang sr afrvdillgire sysiemds. foner

conductivity, faor exanple by electrj.call necting traces of higher and
| ower condu@f‘WI%Fym(%a iortreggneydr Ao fRI Y SYStRIg pihE VG RY9N mEYPRMR A a
resi stor or i Il eh: i it by i . ch
conbi nat i ongIl %ﬁﬁf %%& onetgtasﬁé:lgg{egﬁg{cgg&ggﬁ%%%r\‘?\n(ﬁ%%g%lﬁsﬁ g%t% gjci} ianrgt :dons
of metal poveguencyridentifieatidrotagppiedec individuad fartiilgsh éor eamddpleobeiks or files. In

conductivity. Those skilled in the art wi|l recagni ze that under different
condi ti ons @ROYIEEEXA Srrelaeieiges iy deids Wtﬁr8}’1‘%gré’9€ BEWATFE A% ent | y.  For

exanpl g und lih §9esot iU ARE aBP1ENB!dr 8OnGitEl Sithin Be PRIRONSYE
function as gfngglﬁ;\%‘l%ﬁ&\}e t?sz(a)ce, vm?’lagf)llmder 1na ntsecoﬁgﬁlg]pple?e‘ga\?%“’t aégﬁgr
app! i ed cur eeods aml wedpopandf awyptehulgirovde potactibndom thaftan fasail fteres (also

enbodi ment, the techni ques, provj de.el ectrical connection to a battery or to
make a battéf‘?wglaégrercg pic AI*ﬁQI%t 'Eﬁ’lﬁﬁgr%ﬁgtsﬁ%&iﬂﬁbenti on can further be

used to nmake ar tﬂi%'ms %%cﬁidﬁhﬁkﬂﬁilﬁﬂﬂ%&?gtéﬂ&eﬁgﬁﬁg RS eGPy ﬁiéhﬂﬁéﬁﬁah
| east one connection to or provides conponents of Sensors, such as chem cal
sensors, nedREHD) ssteso3Gionddoypmans audifile mangemsnt. Readaseriben} the recbaiqued &0 be
used to nake co?necti ons .to conponents of displays. Conbi naéi ons, of these
are al $b wi-THNIAHINEAIICHRY CURPTIGH PEA PHGF' SRBRAMEON Maphe PR74f0 | jfe
Sensor may GRIMCE Bfe Spﬁﬁgfécélééfﬁcﬂ@$lﬁliorféﬁ¥stf§f B ihRat ofRBRGGERnPaELGT Y to an
i ndicating “display. 14 WO 2004/080138 PCT/ US2004/ 000715 1n anot her

enbodi ment , comeninisagiot coeuipra\RADsygamEdn dawvsoffitesh gndgonds agencies, and

facilities for storing business, criminal, and medical records rely heavily on files of paper

documents. These files may be positioned in a number of “smart storage areas” 32, e.g.,
20 on an open shelf 32A, a cabinet 32B, a vertical file separator 32C, a smart cart 32D, a
desktop reader 32E, or a similar location, as shown in FIG. 10.

RFID tags may be associated with or applied to items of interest. The tag may be
embedded within the item or the packaging of the item so that the tag is at least
substantially imperceptible, which can help to prevent detection and tampering. For

25 example, to achieve an embedded tag and inexpensive manufacturing, a file folder may be
prepared by applying metal powder to portion of the area of a paper substrate of
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

30 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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hardware. For exanple, the invention may provide an antenna which is
incorporated into an RFID reader or RFID shelf. In yet another enbodi nent,
t he i nventWonoH8@3pr ovi des el ectrical conponents of syREEHER0H0ATH| es of
such systens are wireless tracking or surveillance systens. For exanple, in
a radio frequency identification (RFID) system the invention may provide an

antenna coypligd E%@?ftﬁggﬁa&%%%%s|3§%P§ysiarﬁ@mn% Heeeaqﬁgtpca%h%e ?ast a

portion of a radio requency I dentification tag applied to indivi

articles, frmremﬂpd; for inenkgating tie filss to did in éﬂimmgmaeadaqlpf@,s atdﬁecatabhtm ques

may be use OVI de one ?F; nore el ectrical onents.use.in resonant
o SrHS

| abel , apprfcivc?f SEAGRHE: o SHFPREOTERE Hb%s%&%t ag¢ positioned Wl'&efbalg%nd

used as paglelRf30Q RYRLAh acafaﬂaﬁl@u@ﬁaa%ﬂd&ﬂnﬁﬁle E&hﬁlftﬁ tﬁewz@tt@aé stores
(al so known as Electronic Article Surveillance or S systems). Fig. 10 is

a bl ock di agypaiated Mithshe fitesn §imiarkyx entphrss ynaydui locaftaséwuhmagabme%ﬁ}} fviedatal on
(RFI D) sys m30 fo ocunent fi.le mana nt ,described, the

t echni _qu_es Par'ﬁtﬁﬁé?(g ﬁ?ld@f’l‘é@ Wd%%ﬁﬁg%fh%kﬁ %F&Pmﬁ%ﬁsﬁl@l@
conposi ti Oﬁo{fﬁ&églmﬁﬂ)ufs%agﬁ, Qelbie & 6}% QF bOBAA of &N shkefFadt (ROPRRREMS for use.

in one or re el ectromagnétic commu |cat|on circuits of RFID system 30.
Law of fi ceshelgae\mrsnpmﬂeda)gﬁmallp,sntempdrsed anoﬂlg thiedgesf cSIicsanmammgcdndm ness,

crimnal, and _nedical records r heaV|I f| l.es docu nts.

These fil e W&)‘}e E’%‘b%‘nnﬁl e ‘?r‘raP“g‘t @%S&f%ﬁb %’éé%mpﬁzan e.g.,
on amygopen aﬁt@ﬁla on @1*?&9 8in %ﬁCOI%OI\éﬁ’Idtlhﬁ)ad shelf RiriR e R AbRFa3efng 5"f smart
cart 32D, a kt rea er 32E, or a'simlar location. as show in FIG 10.

RFI D t ags ttmyshhié basts:ehngﬁedaapmshbﬂrat@wph aeaiutatnt aicbthen drfmmmmm ths subsTate t ag

may be enbedde in the itemor the Eaﬁ;lng of the itemso that the
tag is at % ?rm"’éﬁ ¥ usselin theyronitetier 8t 658! whi ch can hel p to prevent

detection and t# M?@ues'%ﬂa(y lf'é(t?s@@ Itc??ro%ac %&Qirﬁ:‘é?c&ﬂp&x@?ﬁ%@%ﬁ abRE BRshe

i nexpensi ve manufacturing, a be prepared by applyi ng nmet al
powder to pwoe bi mvreqnﬂanbhmthrme@fum p&‘mbrarts:ulﬁbsmfr often rferredi tor@pgiudinéayef t he a

file fold t tt f t f. |
an antSennasdticfS bl e e TP RS Boutons ral s i deiond ¢ hen
appl yi ng ppR3IaHsa, Hr bienetd aoﬁdmhétpa@érﬁ b RAbAnEtesS bi/surhige me&radwcp&wier

to forma ctonductive pattern and to Cal ender the substrate. Itens may be
" sour ce- manjosgisurfacestof arpafEl @ wagresmbhnaisrldp ﬁlo;ndurgwcrpa@mednl mmg suréaq:eSRFﬂ D tag
to an it m gu I’s A maysbe A ggrgg E)ru refit an\gI may f;ie ahgned OT {'e%?srtérec? efe 1? ook, or
any desired amount of overlap (overlap as used herein refers to a section of the snbstrate
20 which contains conductive material on both major surfaces).
An article with conductive metal patterns on two surfaces may be produced by
making conductive patterns according to this invention on both sides of a single sheet or h
roll (web) of paper or compressible material, or on both sides of a single sheet or roll
comprising more than one material (such as a coated paper or a paper-film laminate). To
25 apply conductive patterns to both sides of a single sheet or roll of paper or compressible
material, it tnay be preferable to utilize different process conditions on each side, for
example, a first pressure for capturing the metal 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 1s used to pattern the metal
30 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 1olls of paper or other
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15- WD 200. 0080138 PCT/ US2004/ 000715 the like. Each of the smart storage
areas 32 of system 30 nmay be equi pped with one or nore antennas for

i nterrogati NP t$0§01B%Rs to aid in determ ning which fil es MAURHEHAHOEAS at
each of the storage areas. For exanple, one or nore antennas are positioned
Wi t hin open shel ve 32A to create an el ectromagnetic field for conmmuni cati ng

with the RFID bRSEReHAUES bR gbrfxﬁ?sefa' doffucte rﬂlétﬁrﬂaYterna%%H@ Qfan’ig}é( 39D,

| ocat ed W|th| n ca |net 32B, vertica | e separator "32C, smart car
deskt op readach @2ko mﬂsimt $heets iok pape‘fkneoémt ennlasssmtdy nm;anaﬂ)em procensd actordalzi ous

ways, such as on top ottom of each s at the ck of shel ves,
or ys uppor t ed® \’/léerlPY IIOP)?O %Paﬁf}l?yscﬁﬁ’ipgéﬁa 8?&5@5“?%%“@?‘? é‘E Oarﬁb%?ﬁﬁ?%e 3K be

retrofitted &g ﬁéﬁ%ﬂ 139iRAINEING! 1R Whdther AR fpR, £ BedducaPd p RIS R3REELES o
unit. For exanpl'e antenna on a paper substrate can be I ncorporated into

a shel fs dur ianfistdodl omaimet atpaper ogotbér conipeesstodd Mmatebigl, asecnidrsgedt o€ pgaper
substrate with a satur and then | am naji t S bstr to ot her
materials us&RFr| Cﬁ“*P’r?é“%ﬁ’é’F?%ﬁ @H’-‘Bﬁtg‘i Wethg ﬁgﬁt f‘ma ictlad %ﬁfé’é‘smloﬁés used
to provide I ] f: S
B ot e SRR DGRl AREROBRELS gL Loy L O DAEphPRES

articl es or seudrdishbayerolt osictagatquirisg muhisplé hyemiof omdmcave desl patanml ﬁor

met hods for thelr production, For. exanpl e, onducti ve ttern nay.
formed on orfdaBRlerBRBIAET GRruithorRFh %P@ngrtﬂ?lrygﬂ@égteffpnae%gﬁéw 2o ¥ r“éf-‘s3| bl e

materi gl . C%Q[&{%f'tﬂﬁéﬁ%g &Eins on two surfaces of a substrate nay be the

sane or different an e aligned or registered so that there is any
deSI red anount ofln(a\fenﬂheam(mplerdtﬁmt asbsusedayee cemprisief econdutise pEEm 30 of t he

substrate whic ntai ns conductive material aon both major surfaces
STEr el o v ¢ s RGBS e R P OB s o Pa ce kg B ﬁr%ﬁ’a ¢ by
maki ng condugi i Hﬁﬁlgmaﬁ%%ﬂéﬁgg ffled flkch h@l?{@%kbﬂi‘l ?& 19%%1&]1 te @%‘i o

single sheet or paper- or conpressi eria
si des of a sheginey bdﬂe]ﬁgnedrovexdlhb COEN{or psdsrlg tieofimst fubamatoEhentayes mlaligmabh as -

a coated papr or ilmla e atterns to
Dot b sisien Hhen e P aRE fiben BppLRaI s ernnic O i Sk S A S
may be pref e;yo@f?ﬂoﬁe& Qvemé doﬁﬁeéi'é 88 &Nthe @ﬁﬁ%@@s&a&% ! iSABsq eent%a@hlesanqe for .

exanple, a first pressure for capturing the netal ovvder on a first sid
and a secondiengifiexnrgodwes £ pgitam comptisieg praebstween dre fassadoacorgilalers dml

anot her exa l‘eh f B&‘%t erHrlled edl € it sS use(ii ap'g{ur hlectucal c1rc15)1ts an%r on a
first side, 3lys PRSE SR DS O E(') SH9Rd By (Hé3 ADPls
capacitor plates. Alternatively, the metal powder can be coated onto the second layer
20 through a stencil, forming a metal powder pattern comprising vias and, optionally, other
components.

( Any of the articles comprising a conductive pattern according to this invention,
may further comprise other parts, from prior, simultaneous or subsequent processing,
including but not limited to conductive inks, conductive adhesives, metal foils, magnetic

25 storage media, magnetic security media, solder, wire, saturants including oils, waxes,
organic or inorganic polymerizable compositions and polymers, films, laminating
adhesives, mechanical fasteners, integrated circuits, and discrete electrical components
such as resistors, capacitors, diodes and the like.

Conductive metal patterns on paper or other compressible materials may provide

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

tracking, detection, stealth, shielding, costs, and manufacturing processes.
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powder on a second side. Alternatively, an article requiring conductive -
metal patterns on two or nore surfaces nay be produced by conbining two or
nor e sheetve0 e¢04080188 of paper or other 16 WD 2004/ 08013 TACRAUBRYTVA/ 000715
conpressi ble material that each conprise a conductive netal pattern. In one
exanple, each of two rolls or sheets of paper or other conpressible
material are progessRiiArRanicatka dyant MohERLENS Bud e batibRk: foTRLISE @
conductive pattern, é he two rol'ls or sheets guently m nat ed
t oget her. dund mmmtse:hereaﬁmplt@i ingheso rgaopley @s pzaﬂtwromer sompiidchscad dotaila fir st
roll or sheet of per or . ot he Sssi bl e material, a second sheet of
paper or H]grnoég ?‘é%%‘f"‘i)foe“rﬁ@{ r;gltﬁ‘?é‘weﬁtﬁ?rhat ed to the first roll or
sheet, and this construction is further processed according to the
invention to produce a second conductive pattern on the second sheet or
roll.sArtiEXaAMPEESiring nultiple layers of conductive netal patterns, for

exanpl e mr: til aP_/er circuits, which nay optionally be interconnected, are
al so wit hi cope of this invention. In a further exanple, a first

substrate |ayermgoapid, n@%?&s@n&g@?fﬁgﬂa'ﬁ{ rQ@fM%hPEt o a1t

1105
conductive pattern co ses at ne conne secon Substrate
layer is praafensed ycomgparae massed hasostagbe bhep&esadrpdwidaymtehntostheh a pattern
that they may be al ned over the connector pads in the fi t substrate.
The | ayer sUHFEUE) l?céﬁb  Ihgselic léFlV‘;SY)Wﬂ@P“?@PPWe%‘EC%fBHHgH@&h@r P& econd
substpat e, e fibdid 1Lng the hol es which are positioned over the connector pads
inthe fi rsqt strate | ayer. Subsequent capture and densification produces
a pattern conprising vias betv@diONMhe(Riedsd /aRg.se00nt0d ayers and

optionally, ot her conmponents on.the second | ayer, for exa ectrl cal
circuits and CcHPHE; ﬂqeil‘%rﬁ"’@é’eﬂﬁ}vtité(rogg’tlﬁe\?@l’ T 20 Kmpppen 15 %E'\ngé‘?deé
coat ed Ontlﬂeésﬂf‘ed%‘éﬁ&%elcﬁif%r &gﬂ@glggﬁegg;@m&ﬁﬂalttcﬁ ormng a netal povvder

pattern conprising vias an conponents. Any of the
articles corrprlflnm@anmtycofmbhdtcppmrpas Qérgr‘cn c Jte désngivity of borsper mvieTdx166, may

further . co rise her from or, simultaneous or. subsequent
procéssi ng? ms| He 3‘[&1}‘?&“ %‘thernil%%f CIOES: S@MB@WHRSI e%ﬁ%‘g‘cﬁfﬂ}%.
adhesi ves, e@%ﬁhed‘g@d Inom Q@ﬁ%@i&raﬁcémrhagﬁm 'Eﬁﬁ'léhgtﬁrﬁgcﬂﬁﬁfeQn&ﬁP&%{eHXntm a,

sol der, w re saturants 1 ncluding oils, waxes organi c or 1norganic
pol yrer i 2 RO apupas istc¢lothst: and pol yrrers filnms, |am nating
%o FOM = (Rineoretical / Rimeasured } X 100
where: Ripeoretical = {density of copper }(conductivity of copper) = 0.0000155 g-ohmfcm2

For example, a metal pattern was pressed onto a layer of copper powder to give a

. <
e

pattern having a mass (M) of 0.402 grams along the distance of the metal pattern, 123 cm.
The resistance (R) for this length (L) was 5.7 ohms as measured by a Fluke 189
multimeter by putting the probes at each end of the metal pattern and reading the value in
25 ohms. M/L=0.402 g/123 cm = 3.26x10~ g/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
30 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, nmechanical fasteners, integrated circuits, and discrete

el ectrical conponents such as resistors, capacitors, diodes and the |iKke.
Conducti ve w zb4/pastiser ns on paper or other conpressibl e PETAr28HH0TAY
provi de goods, such as paper goods, with advantages related to

aut hentication, identification, tracking, detection, stealth, shielding,
costs, and r@,&lﬁji ghuring processes. 17 WO 2004/080138 PCT/ US2004/ 000715

Thi s i nventiom1 | lustrated by the foll owi ng exanpl es, but the particul ar
mat eri al s and andioppsr pdvedee glendedi t ohidron, 9SSR fexaBigres- AldschvdilwaskecotWibr

condi tions and etals shoul d be construed.to. mt this
i nv_e'nt: on. e Eﬁ%ﬁ@gtm ik aoteqinpieodia ‘gr}%ﬁ%‘ﬁ#pl'wrﬁ BF & of
Merit (FOM l%h%tfl s of mgthée]&%e g@epﬁowtﬁe%%&%s@é@&r gﬁ%@nr@&%%?

resi stance of a presse patter m ni num pos | e theoreti cal
resistiwity Hoar. Ap20@En deppesr #2060 orede ngs plac&tdm th@ﬂob@ﬁnad@cmqhaneten 468mAGRg =

(Rtheoretlcal / Rmesure X 100 ere heqretical s the _ resistivity of
pure copper ‘élPFcP &h a@é?%ﬁ%é’éﬁsﬁ%fﬁﬁpﬁ%m??é%%ﬁvéﬂ P BARSIAMRY of t he
sanpl e pres ﬁpw:ﬂ; T S I /

The resisti 3?‘?3 cg%%gﬁl&%s&f%@@ieggmﬁ% cm olﬁo@%g 2969?3 ﬁ]egrrtgégg and

Cross. secti osnppeﬁ poleles aapb@inkiddentveths sieve griatpwedeos sutie owe ngtohhe filtem and

resi stance in ohm per unit Ienrgrr@h in cmare incorporated into the FOM
equat i on, sURARCTIRadePICRLY IR hoBtH MRG0 Wﬁ%ﬁ%@@@ﬂrwmbd) g &0 0.5 mm.

Rt heoret i cal [ QE[Q a
ohnl /crr% Théss%rgg% Otf%? icsag&?ﬁﬁér}e)aé&s%%glr&%dn;b% g}r{ri%asur H‘g{ét)rls rer%gﬁ[ Ao
exanpl e, a rsxdvalg mambéﬂmsmmmnemaq)mnto a |l ayer of copper powder to give a
pat'tern having a _mass ( nms al ong.the di stance of . the net aI

pattern, 123 cm Inﬂfgstr%%q éfe‘farﬁetél m({ a&'ras ﬁlﬁt%reﬂélﬁa@waﬁml byuessing apatiermned
measured by ge Bl g%ﬁe der'ﬁ'élnta' %rpﬁ)éferg]h{ Ld mo&eb@sﬂr Wa, q %ﬁaﬁal meaglt he

netal pattern an ngt value“in 04029 cm’'=
g/ cm and R/ 27anégapadcdB (MPh) 6n&0hé!pm~hddr(and f”]’[laepaper The excess powder was then

15 removed.
In a second step, the captured metal powder and substrate were pressed together
and densified between two smooth platens. In this second step, a Wabash press applied
112 MPa concurrently with heat at 200 °C for less than two minutes.
The total mass of the compacted metal was 0.459 grams. The resistance of the
20 length of the pattern, 123 cm was 1.3 ochms. A summary of the preparation of this
example and %FOM (calculated according to the method in Example 1) are shown in
( Table 1.

Examples 3 to 8

25 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.

30 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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shown in [Table 1
4 - WFP+CUD 340 11 One step press
-5 - WFP+CUS 335 2.4 One step press
‘6 HCP+CUD 370 5.6 One step press
7 HCP+CUD+Sn 370 5.2 One step press
8 WFP+CUD+Sn 144 13 One step press
9 WFP+CUD+Sn 29+ 112 15 Two step press
10 SPA+CUD+SN ei+112 3.4 two siep .
11| PSB+CUD+Sn|  61+112 5.9 two step 3
12 PEC+CUD+Sn 61+112 5.0 two step
13 NSB+CUD+Sn 61+112 3.6 two step
14 PEP+CUD+5Sn 61+112 6.9 two step
15 WFP+Al+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 274112 5.2 Two step press
plus 100°C Heat

10
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Exanples 3 to 8 Exanples 3 to 8 were prepared using the sieving nethod of

Exanpl e* 2.
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Polypropylene Spun bound| PSB Polymer Group Inc, Benson, NC

Nylon spun bound] NSB Cerex, Cantonment, Fl

Copper powder dendritic| CUD Sigma-Aldrich Cat#357456 Milwaukee, WI

Copper powder flakej CUF]  Sigma-Aldrich Cat#292583, Milwaukee, W1

.- Aluminum powder spherical Al Alfa Aesar cat#10576, Ward Hill, MA
G Tin powder| 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 gunide 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.



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 14 PEP+CUD+Sn 61+112 6.9 two step 15
WFP+Al +Sn VW0 204280397 two step 16 WFP+Al 90+112 1.2 twoPGH/BFR0041000TAEP+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 100C Heat 20 WD 2004/080138 PCT/ US2004/ 000715

Tabl e 2: mﬁpep npany
vhat man 54 B 1L Sk e P ey ko B POl R oD festee b B SR

Fi ber web RPfo SBAnNodowedkmes. Si npsonvill e, SC Pol yest er PuI p PA Style ww 229
PEP Pol ymer Group Inc, Benson, NC Teslin , porous polyethylene TPP PPG

| ndustri esgPi tté%:grgh, PA Silk 100% SPA Shanash & Sons, New York, NY

Pol yest er t h PEC Sankei Co, Ltd Japan Hammerm || copy plus 20/501b

HCP I nt er nat i ongdmftaPRére phpaRM 18 2 iMnePSYIRF RPKhEITE ARk m@a@%ﬁﬁﬁ thol yner
G oup I nc, Benson, NC NyI on spun bound NSB Cerex, Cantonnent, Copper

powde$ de rmbpptn pD“@ﬂDhSl bpen ot dpénctiy tBanis BET U BEaNIO] dagis Rites claarling@ophbefor@ owder

fl ake CUF Si Al C t #292583, M | waukee, W Al um.nu 0, pherical
N AT o ACTETAI RS BIG GARBIT WP R SpOARUE SRS SRR BdDomont
Engi neers \ip, 192, res1§‘§ﬁ&edi'fth@§zgmpl%asﬁﬁé‘é§ﬁfe% 28 (GREPBE POURRSF B8p described in
Exanpl e 2 was sieved onto Whatnman 54 filter paper. The patterns wer e

capt ur ed asmpfuntd vueed feommrsarnopie nysametle)oformplzd tdiaespwer weighamregionding to a

capture thickness of 50 microns. The results are plotted in Figure 7.

10 Example 22
The resistance values of the samples for Example 20 were normalized to a line

thickness of 50 microns and then averaged. The resistance vatues 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
15 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

20 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 ptaced for 10

25 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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The sanples for Exanple 20, prepared fromfreshly cleaned copper powder,
gave a nor i zed ayerage resi stance of 0.054 ohns/cm The sanpl es of

Exanpl e 15 Examples3y from the sane copper powder after agin inair for 6
days, -dave a nor nfePRyzeaper %&@F@@j@lﬂ@@pxﬁlﬁhéﬁgeﬂbwgsa@tyﬁ%? bng THargsnd selase
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Sigma-Aldrich) at a distribution of roughly 1.2 grams of copper powder covering the 2" by

2" area (6.45 cm?) of each paper substrate. The coating (sieving) method was that of
Example 2. A patterned die was used to compress the powder at a pressure of 370 MPa.

15 The substrates were weighed before and after the circuit was formed, and the average
circuit weight was 0.034 g, or 0.0014 g/cm of circuit line. The average resistance of the

[ circuit lines was 0.19 ohms/cm. A second 'set of samples was prepared in an identical

manner except that an underlayer of tin powder was first sprinkled onto the substrates. The
average weight of the circuit lines was 0.0017 g/cm and the average resistance was 0.17

20 ohm/cm.

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

25 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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exposed to air. Exanple 23 Four sanples were prepared using the one step
procedure and materials of Exanple 20 at a pressure of 250 MPa. The
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conpress the powder at a pressure of MPa. The substrates were wel ghed
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0.034 g, or O. Sﬁid%gmgm of circuit line. .The avera esi stadﬁﬁe of .t.he

circuit |itEEoH DUOKRRFFSRRCL ¢ Rt SEEo D PAIsia vReD ST esR Bl i an
identical ged.
Example 26
15 . This example demonstrates a two- step process where the metal powder

-composnmn was captured using a hydrauhc press and furthcr densxfled using ultrasonic
energy.
Cu powder (dendritic, Sigma-Aldrich) was pressed as a pattern in one step at 340

MPa on filter paper as in Example 4. A segment of the pattern was further treated with

20 ultrasonic energy. An ultrasonic horn with a 25 mm by | 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%
uitrasonic power was applied for 200ms. The pattern before sonicating had a resistance of
0.2 obms/cm. After sonicating the best result produced a 40% reduction in resistance to

25 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 homn tip described in Example 26, at a pressure of 6.9 MPA for 1
30 second and then sonicating for 200ms at 20% power, 20kHz, 1:1 gain on the Branson

9G0M power supply. This produced a pattern having a resistance of 0.28 ohms/cm.
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manner except that an underlayer of tin powder was first sprinkled onto the
substrates. The average weight of the circuit lines was 0.0017 g/cm and the
aver age resing sngesmes 0. 17 ohmcm The two sets of sanpl exvwezenstohens

subj ected to adhesion tests according to the procedure described bel ow
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C
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demonst r at 21 bR N ERNBEEIT0e WISLIIEDR AELRLIRONOCING GOTRAR InDR AS

-ste
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energy. Cu p@oeer thedadtslridhbed (Stigrabsddaty, TeE mend frapd @as afaed vatpafit@nmil N one
step at 340 MPa on filter paper as in Exanple 4. A segnent of the pattern
was fui®her wiggredersie force and the trace remained adhered to the substrate.

Samples prepared with shorter sonication times had larger resistances: (200ms, 0.2

ohm/cm), (375ms, 0.07 ohms/cm), (500ms, 0.07 ohmﬁ/cm), {750mms, 0.04 ohms/cm).

Example 29
Via holes of diameter 0.2 mm were punched into a Teslin substrate and a liner was
20 placed under the entire piece. Tin and then copper powder was sprinkled onto the substrate
filling the holes and evenly coating the material. The sample was pressed in a two-step
process under similar conditions to those described in Example 2. This produced a circuit
on one 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.
25 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 stdes of the via. Both the metal

powder in the via and the substrate compressed.

Example 30
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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ultrasonic energy. An ultrasonic horn with a 25 mmby 1 nmraised portion on
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excel | ent adhesi on. Adhesion resistance was tested using tape and

fi nger nai | cif@aton:the sameples kad anssistapeesthtBNFdfPaptyns oster thmald3 qunlagggaital he
trade d d
beol ed of r PATBEBSRLSE Henh M Biab R nARS wAREOERCd 02 B ol Blod 688810,

trace was tidkeyesd mintwida tipengeailabdd fromSMESNPAR MINeudder (e teidd dedignatioace

remai ned adhered to the substrate. Sanples prepared with shorter sonication
ti mes’5had Pertgelli-Temp Maskingdape JBEnape wasplage pvenihe crgmt gEoncpamploniBatn) |

(S00ns, 0. B¢ hBREESiGENed bR WBend? o the UNTEL SR ‘tape afforded extra strength to the

trace and the holes allowed access to the trace for resistance measurements. Excess tape

was trimmed from the sample to give a 6 cm by 6 cm area. The sample with the tape -

applied was placed between two 6 cm by 6 cm by 1.2 cm stainless steel plates and

20 compressed to 113 MPa. The resulting sample had a resistance of 39 ohms measured

through the holes in the tape. The sample was folded and sharply creased, Teslin side in.

The resistance increased to 46 ohms. No breaks were visible in the circuit. \
This example demonstrates the process of coating metal powder as a slurry and it

also demonstrates the creation of a rugged circuit using an additional layer of material

25 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
30 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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Exanpl e 29 Via holes of dianeter 0.2 nmwere punched into a Teslin substrate
and a lirner was placed under the entire piece. Tin and then copper powder

was spri nkl ggo egquiasdie substrate filling the holes and evgilyseealhig t he
material. The sanple was pressed in a two-step process under simlar

conditions to those described in Exanple 2. This produced a circuit on one
side with netal -containing vias forned through the substrate. The pressed
nmet al pom&’ﬂﬂﬁ’lﬂéai ned enough structural integrity to bridge the via hole

and partially fil ,géég g?sTﬁfJfﬁﬁeaka flehdn@AnN iR riR S eS lﬁpg@ ;irgp&&esca@gg&iénne from

t he non-pattern si e substrate and exhibite resista conpar abl e
to that of aoprpesskit metdhl andacempdetive matethl iyolyprepemd filgn)tinder esi st ance
usi ng voltnmeter probes on both sides of the via. Both the netal powder in
the via and FP'SSH8t rat e conpressed. Exanple 30 Fifty grans of copper

powder f{dendriticy,f ' &4 Qa1 ol @i N @
stopperigad flask. %@S? agﬁésjvxgng c 8@2( Sé{r:yél sﬁgﬁgﬁoﬁ’g%gg&r%%%%py ag}s«%u?ﬁﬂeﬁle%
VO 2004/ 080 k3dRETioSAOBAY G DTS Ne woperups s Invrdihwdigrogeintne @G onpras

wat er was added and the |iquid was {hen repoved = by using an aspirator_and
#4 filter paaﬂsérratmﬁﬂgaaprtqhwramnum&aé‘%ﬂmewn\ha% gackg mﬁﬂﬂﬁtrgiﬂaﬂle COHP gk 2¥ he
powder to ri : rJn I, i I ked,
D06 ot the ‘IS HBEE s orARI 158 BecREy RENEFby 1 aShétk bl baci3TR (o
slurry. The mhterislywasaspilitidfae aghedt @d finn}. &ash fardiie vtk hiac kel @bdcke besidaa thicat e

using a notch bar with a 0.25 mm gap above the substrate. The sl urry-coated
was al 'dwed RlgeanafdhhInsien andempiigsee fO a ingial tHeknesy atappiosimalply k0 psi (-Gt e,

causi ng the ki £y i
Several 6 ety Bhek Belerub Y Th Rl e ATl Brmall 0 BRI e
coati ng was Iattrdd, tidatizmetdhwasmopuas! warge priesfSadpas ade geasvradedtowetene fir st
step in Exanple 2 at a pressure of 36 MPa. The sanples were allowed to dry,

and the excedSumenisdat cossaRpndingRIcIsPERAnE Ficknepies-shisdpstEngendithpPwdripices sed
air. At thi i E [ ' : ' >
R R R T L s
di amet es hol msasweienpuin eidichohAdfonce daie tpoinht These fOre(GB thermateiial ek pdoyts 88enativ Wi de

tape available from3M St. Paul, M under t hg 4rade desi?nati on Scot ch
Hi - Tenp Maskifhgretdpe Morerse pahBeagcinoadiag pe\will daqerass #ldhs famst POWE-18%Rpl e so

t hat value. The volume data is the area multiplied by the thickness at a specific pound-force
data point.

Three k;nds of paper material, a filled porous polymer and a comparative highly

20 dense polymer were tested. The paper samples were Whatman 54 Fi]lter paper (Whatman
Inc, Clifton NT), Hammermill copy paper (Intemational Paper, Memphis TN) and tan file
{ folder card stock (Globe-Weis Premium File Folders, ATAPCO, Baltimore, MD). The
filled porous polymer was Teslin (0.18 mm, PPG Industries Pittsburgh PA). The
comparative highly dense polymer was polypropylene 0.46mm film, (3M Company St.
25 Paul MN).

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 ditnension of the sample that is perpendicular to the
direction of the applied pressure. The paper samples change very little in the diameter

30 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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the holes coincided with the ends of the circuit. The tape afforded extra
strength to the trace and the holes allowed access to the trace for

resi st ancewpeaguikenent s. Excess tape was trimed from t hergsmoleots gi ve a
6 cmby 6 cmarea. The sanple with the tape applied was placed between two

6 cmby 6 cmby 1.2 cmstainless steel plates and conpressed to 113 MPa. The
resulting sanple had.a resi.stange of. 39 oh sure .hropgh e holes in
t he tape. %ngp I AIATEs NASAFOF h@dﬁ%‘ﬁﬁs‘%%a?“ﬁ?@%ﬁggﬁ%i&?&@?‘? ﬂygﬂe éﬂile. The
resi st ancepjelafs e do 14161 BBthe N@mpreeaks were visible in the circuit. This
exanpl e denonstrates the process of coating nmetal powder as a slurry and it

al so denpnst r at Eigurh® shavesathe gpfader rormaljersdvaditne HETSUREIFYIcatt caduPEssormal | ayer
f i lied h i it . | 1. |
ot by apl L, PR EcR e AP B USRI LR IR

created i n{blideSor @a%h%mprxé,eazﬁpis egisulahaysy dtRG! e vdlhmeas cddhghest@s biyrigat ed
with mcrowave energy: The sanple was placed in a Canada Technol ogi es

M crowave 2alometan8{0700Ba krdbhatsemple3 IGebm radidpbe sean front Biguaod Beteapds. The

m crowave ener b e he netal crack and restared the conductivity to
the netal PRGBS DGR THOLIS <peoer eraBRFOgUT L SRR Boa A L est
was perf or agelpirai RS ol pRpHiché SbIRAREEMhAs hBRHBRART S Réssedpef and
conpressible material and a conparative nmaterial (polypropylene filn) under

conpr essi oh7.000 psi{$17 BiPa)S0% papstmatpeas aid HetlinondiCed poyeitmemeaia@%bral Mass. )
was setup in the ressj e wiih 100K Newton fixtures. The Instron
was ptPogr am%}lr?so(’@mpé’éhtlng\ﬂggra&\éuég?)‘fe'0. 025 inches/nminute (0.64mimin). A
stack of circul gigusaonlRiuseYRRISlatidnship btk ndHAIRIompieSionRBRAR (the om

pi eces punched out froma sheet of each material (each "material was

suppl i ed adimensivadn therdifection pariie ho gwrditestien oitthe apmietipeesspichens! vemabizad t he
pl atens of the Ipnstrqgn and conpressed to an initial thickness at,. .

bppr oxi mat P pupalied sombieeni icTmes n Tbitaes at A S REERP AHYIGRLO%S ¢ ne
material i gigktcofitdssidh iMcIRESMINSY PPat NBe chRPARRL pdlisof 8RRl Qhm¥as
measured using a pair of calipers and neasurenents were ~docunented at

cor r epondpsuigtaptieldy constnbadabont tM%es gesinititheolhmel; rbhoughgbdecseases grdathoince.
thickness it-increases in diameter. Materials useful in the practice of this invention show
large decreases in compression thickness under applied pressure but little or no increase 1n
diameter, leading to overall decreases in volume. As Figure 9 illustrates, materials,
particularly paper, that change volume primarily due to a change in compression thickness

20 are indicated by a slope of 1.0.



The psi_

di amet er
mat eri al
psi will

the area w ||

val ue.

Ther e

area multiplied by the thickness at a specific pound-force

Three ki nds_of paper

materi a

fore if the

data point.

a filled porous polyner and a conparative

val ues are the pound-force divided by the area cal culated fromthe
measurenents at each pound-force data point.

expnmshpigral ly,
decrease at the same pound-force

i ncrease and tIp@Tﬁg%(,qﬁ,mg@dl ng
The volune data is the

hi ghly den %bﬁél’ymar were tested. The paper sanples were Whatman 54 Filter

paper (Whatman rfton CPpp r n

Paper, Menphis |R‘|§ g.ll’?y tan f@éﬁ' ﬁ g%ﬁ%ﬁé@t V?(%Soggi Vi Eg%%'lé‘gr)nqﬂ%a File
Fol ders, ATAPCO, Balti nore, . e orous polyner;iwas Teslin (.18
mm PPG Industries Pittshurgh PA). The canparative highly dense palyner|was
pol ypropyl pne 0\dBatman by (13M Comighy St. Payl M\)50,08Bi el 4 1M the
percent change iﬁﬁteiimmrer at pressures appl i ec] to the circular coupons
wher e % chamnge |_\Illld.l TEter)— Tt et er ) T ddgmtia

di aneter)} TheFéEf “ t he di r@ﬁm on of tre saﬁ%?gbp af is 255

per pendi cular to PH’é atHJielrectl on of the applied|pressure. The paper sanpl es
change ver/ [l ttFI,;@ fFdldéhe difanet ek gi,mensi on under p;g@@ggr el Teslagn

denonstr at @gﬁﬁ LStgg;enge in dianeter V\/m | e |conpar atl ve pol ypropyl ene
showed a npeh gl_r: 1CI‘[‘M\,IIQIIU Hr-eiapeter fr—the -afg Ul
in the prattice '&"Whis invention” 4@3 |s t he COITprQpI ve| pol yp¥opyl eng 27
WO 2004/ 080138 PCT/ 1332004/ Q00715 showed a large increase In the dinensfon
per pendi cul ar t dastie i rectijon of ~t#8appl i ed {presslf.800duf to lidFeral flow
of l,t he sanple. Figure 8 shows the data for nornalized vol ung versus presgure
at ‘each pr €ssur el TZed _vgegme at eagh pr € 18 sho as a
decimal fracti oﬁj a¥pl'%ﬁ¥|%% the initial volume for e@? saple, and is

cal cul at ed —by_dnu_m_ng_Lhe#gLun&_ai_eaeh—pL%sgLe_b%_LhMQLum_at_o_Ol MPa
for that shnpl e.Palypreawengadi |y be ¥&€8h from Filgure 8 :0R8t paper 1ldateri pl s

and Teslin

have a significa

qt change in vol une

W th pressur

e while the

conparativ

pressures of

17,000 psi (11

7 MPa). The paper

Aanea. nAal v e oyl =y 'P-u BT % et e a1 Aanct +
C  UCTIOT PUI )’PI UMNYyT TIITC VUT U 1TTTIIaritts 1icar i y oSt arirt

—a—ft-
t—t0

in vol une nggg,lniﬂeégg% at pressures of 17,000 psi (117 MPa) and above.
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FIG. 11 illustrates an exemplary RFID tag 40 produced in accordance with the

manufacturing techniques of the invention. Specifically, FIG. 11 is a plan view of RFID

tag 40 and FIG. 12 illustrates a cross-sectional view of RFID tag 40. In the exemplary

embodiment, RFID tag 40 includes a number of electrical components, including an

antenna formed from a plurality of loops 42. In addition, RFID tag 40 includes capacitor
plates 44 A-44D (“44’"), connection pads 46A, 46B (“46™), and an integrated circuit (IC)

connection site 48 formed on a substrate 50.

In this example, one or more of the components in RFID tag 40 are formed by

depositing a layer of a metal powder composition onto a selected portion of substrate 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

29
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Figure 9 illustrates the relationship between normalized conpression .
thickness (the dimension in the direction parallel to the direction of ‘the'

applied prossihgisogsd nornalized volune. Normalized conpe@ihRobftiekness
is the thickness at a given pressure, divided by initial conpression

thi ckness at 0.07 MPa. The conparative pol ypropyl ene volune is substantially
constant ( about 10%of the. initial volume): although it decreases greatly
in thi cknEswbptEalg pe F‘@h@é@mpﬁe%HWETP%WIHWSP‘F%‘{CSPWE@@PW Ang HeYfact i ce of
this i nvenuegﬁcatagmpohé{ge decreases in conpression thickness under applied
pressure but Tittle or no increase in dianeter, |eading to overall
decreases in vohuilkstrAedfn gitrexashplel dfUSGr B, émpsméltfennalsphal madetfrenhbar |y

paper, that change volume prinarily due to a chan ressl on t hi ckness
are i ndi caf@HInEguIsdrace o heopy 44 that foyg twréw&/l’@mg%eﬁ@ Tabl e

bresetre wisramh e oBF ] %, RS dhF s B lhe shRRs bhtiohbfy he“*%ﬁﬂéé?‘p boo° 255
Copy Paper phitdrgisfodagier owesitte 3510@539424ﬂdth€eﬂfmind§tem 54 TeHleiantendOPoTioh G0 52

Teslin -73% 17,000 117 Poly | ene - 72%7 600 52 Pol ypropyl ene -119%
17, 000 117 locaied wthin GBJHFPGPa‘Hd‘? ned & b 108P- exenpl ary RFID tag 40 produced

I n accordance C

Specifically, WFéI;h %?Sn a%ﬁﬂ\’/zildey\ivm%?&gﬁ %W?%@eﬁ%ﬁ Hﬁéﬁ%%% cnidf ustrates
a Cr 0Ss- sedte meaha. VVeYE peiruaﬁhﬂ%/ teagnetfion pad 46¥e il enpitAlyyconesdrabiotetendRFI D
tag 40 includes a nupber of electrjcal conponents, including an, antenna

for metd fr oft aneannggtionpagitoBgs glecrsally ?Pnaa%ff:ql [¥ecorgeig 34 d-onmerting Rides

capaci tor 4ep further electrically connected to integrated circuit (IC) connection site 48.

Capacitor plates 44 are electrically connected to the antenna via a capacitor plate
connection 56.
A bridge 58 is electrically connected to connector pads 46 to form a closed circuit

15 between the first and second ends 52, 54 (except for the open or space between IC
connection sites 48) and also form capacitors.

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.

20 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.

25 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
{9/909154, 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 AT88RF236-13 RFID IC (Atmel Corporation, San

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

conductive adhesive film.
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pl ates 44A-44D ("44"), connection pads 46A, 46B ("46"), and an integrated
circuit '(1C connection site 48 forned on a substrate 50. In this exanple,

one or norewq 2doligsoesyponents in RFID tag 40 are forned bypcrdepasidking a
| ayer of a netal powder conposition onto a selected portion of substrate 50

and applying pressure to the nmetal powder conposition in order to capture a
pattern on substrate 50. A hydraulic press that has one or nore

proj ections, such #ethyarmple cpaskessd Amel PYSEPedad RIADACGresenant 3t 158y to
apply press wastangch%ﬁ&@the%%;le&ﬁg@gég $dfiol di %o kR cof

M Z 915 bond.
conposition Thdt was conpresse y t rojections o e hydraulic press
adheres t oThbearaoitdrice s ofimsidd Hyr decrasifig the acapdt bridgt 58, reardidncini amesqrant er n.

The nmetal powder corrﬁositi_on that was not conpressed by the pro'éections of
hydraul i ¢ p#agss 1468MHat hhis spwpEovaier s Fagert AL 600 PIS  to

Substrate 5 i v, S | i I 0 or
mor e glect f%g I%%%%%ﬁgﬁﬁgfmigﬁﬁl d%#&gﬁgﬁfﬁﬁ%?ﬁgsgf%ﬁ%%%ﬁ%?‘%@%ﬁﬁﬁﬁgﬁfoops
42 forma spimral nade froma continuous trace. Loops 42 that formthe
antenna portion of RFID tag 40 terminate at a first end 52 and a second end
54. First end 52Adfuirdganplstvesmicpised Wih a gitfares apteppa desigpioraredtvia dipojsocat ed

out side of LAgnm A2 ,ARFTDNS: SEEANLLE 13, Ok ey RN £DIRLB0Y 81l et cat ed

Wi thin an i nnér space € Toops nnect1 on-pa nd 46B

are el ectri ¢@ithigllieSU0atEg (Inferivae Telgpiids\UBcpaiated| of IntemaoESe8A, WDIad
particul arly, connection Ipad 46A is electrically connected to first end 52
and coffhect Msh cprngcied BYiselder trthe mesdl PYwae et aniERNas cldisriag wiaeiresd with a

Connecti on : i r ri | : ' e preuit
(1 g) connec |0H' sﬁ(‘g‘?‘}@% }@5%§@g§1e5%§ égvﬁﬁﬂgﬁ getdgﬁ,é%%rs % !é'fa]l@ll%%?e&bﬁgg%{agd to
t he ant ennadutsacaoft@paai tor plate connection 56. A bridge 58 is
electrically connected to connector pads 46 to forma closed circuit is
between the first and second ends 52, 54 (except for the open or space
between I C E&Qﬂ{b‘f&ﬁi on sites 48) and also formcapacitors. FIG 12
illustrates a cross-sectional view of RFID tag 40. As illustrated in FIG

12, RE D tag 40A fict slgde & viaksingtge a58lloavsc dpaessedpodideled chidtalCantcdyi g refeted an
antenna | ayer 62, and a _substrate |layer 50. Antenna | ayer 62 is fornmed
usi ng the téeahidgtrasa dbdcrvasapadggaepdper substrate as in Example 33; however, the final

press with a2 smooth platen was delayed a step. A second piece of paper, referred to as
“substrate 34.2,” was sprayed with adhesive, and was punched to create holes 34.3 in
positions which would align with the connection pads 46 on antenna 34.1. An additional
20 access hole 34.4 was made in a position to align with IC connection pads 48. These holes
were aligned as indicated with antenna 34.1(34.3 to 46, and 34.4 to 48). Substrate 34.2
{ was then laminated to antenna 43.1 in registration. Portions of substrate 34.2 were
covered with a mask, which covered (prevented deposition of metal powder on) access
hole 34.4, but allowed deposition of metal powder in 34.3 and in a pattern approximately
25 the size and shape of bridge 58, Fig. 11. Tin 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
30 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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As described, antenna layer 62 includes a plurality of |loops 42 formed from
one continuous trace, capacitor plates 44, conductive pads 46, and IC
connect i OnWB%gémﬁ;@usAs illustrated, bridge 58 is el ectrpepkyogemngcted to
connection pads 46, closing the circuit and form ng capacitors. RFID tag 40
further includes an access hole 64 to I C connection pads 48 to allow an

i nt ted circuit, 59 t be i i RFID t 4 h t t t
| et | baRerchouLba b reRmienaf Lhs Rt s Sieeruhd Bp o Mo Aa TP ARAE CASE i th
Bri dge Ol 1 qyiplasaehl anaps: Miiosimaals b eripandoaubag serial nunber

09/ 909154, e entire content of which is incorporated herein by reference.
Three sanpl es weetipr epapled wiasi prepapebeith asnetallpovdar-basgd antenngnendtdifpile, a

el oot 1 cal ICEE PAENEAPD BT PR Ol b ANLCPPr n e S oo g JapaRreat Dl ¢
conduct | v sagiesi e Wiy 20\V0, 2004 BSUIPVACTIRARNBORERE 3 Lfs ano her

sanpl e a packaged Atnel DVS29622- IDIC resonant at 13.
att ached t grépased iGingonpleted inmtal partana simealdollderdge 68 aeke palyoen digkciriceasbond.

The capacitance was_trimmed by decreasing the area .at bridge 58, resulting
i a T beon dAEBIE hg A I Caapl o e & ST RRte Bysen TR SPERer o
di st ance Ofriﬂaﬂﬁﬁﬂl&%?%%ﬁﬁbetiﬂgrdée?@%%}'ﬁﬁ%ﬁgﬁmnaﬂgﬁ)ﬂeﬂ@y.Sarrpl e) and witten to

by the reader at™ a tance o third sanpl e ‘was prepared with a

di fferent ant enfabbiesihpwstie datefabm tanonipg lsenilantrenna of ozpaanaikE s&@nteagally
operable at 915 MHz. This tag had a packaged 915 ID _IC lntellitag 500
Chi p {9 nt ersmeEdR Rr38iThef reson P%ﬁ eg:%goﬁf?rﬁlt%%ﬁﬁé’é‘%’é?%‘faﬁ’?mm and was
connect ed By SRliGRIm bR b "BhdlesHious fEQRAEP SEdpAGRNELZ ach 8 cVGS T ead
with a Milti-Protocol UHF reader available from AWD Applied Wrel ess of
Monsey, NY,capecitancedi"SelnCacts @Ihe shiftEx fephancgbetvetn eath ppaptie djwasenmade as
follows. A ressedgpg\/\%g;led met al enna, .referred to "antenna 34.1,"
was made orf g 9% 8 A aBiGyS{Ipstrate that i thednvenighacdinaide final  press
with a snmooth platen was del ayed a step. A second piece of paper, referred

to as "substrate 34.2," was sprayed w th adhesive, and was punched to
cr eat & hol.&&able15:3 hange in Resonant Frequency with change in capacitance

Comparative Sample 3 {
Cap | Sample1f Deltaf Sample2 f  Deltaf Delta f
0 18.5 MHz 16.4 MHz 13.4 MHz
1 215 3.0 18.7 2.3 66.4 3.0
2 239 24 21.0 23 18.7 23
3 25.9 2.0 22.6 1.6 20.0 13 o
Example 35

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

of this pattemn.
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posi ti ons which would align with the connection pads 46 on antenna 34.1. An
addi tional access hole 34.4 was nade in a position to align with IC
connecti on paels048801Fhese holes were aligned as indi cat edGHYRIBANVEHAA
34.1(34.3 to 46, and 34.4 to 48). Substrate 34.2 was then lamnated to
antenna 43.1 in registration. Portions of substrate 34.2 were covered with

a mask, whi e ; el wed %g on) access hole
34. 4, but aﬁ%‘f’}gg ﬁg%f{n%%ﬁ%%ﬁg&?@?%ﬁgﬁg%ﬁfen Si.ﬁgmgﬁd in a pattern
approximately the size and shape of bridge 58, Fig. 11. Tin and copper were
coated on su °tﬁ&te ?4.” through—t-he—rrask—Themask—was—tHfted—and-the
shape of theu%olwl ?f'zjlémlarg tal powder | remai ned. The punched jhol es 34. 3 had
been filled Miitd netal powgerlin thijscoppeotess. Amntmerda 34. 1 coppgbstrate B4. 22

and the net alpomgleT—Or TOgE e et ey fiPT €SSed g oy denst firggh i o unde

snooth platens at a presisure of 345 |WPa. The brijdge and vias so forned

created a COWHV‘G +ayer0§ﬁd—ercatﬂ03an et ectrio,""l eorheet| on

bet ween t hel dNdE*“BF t he "oop antenna 46. The rgsi'stance for the vias was
2

measur ed at 3 oahne ul \vl\ﬂ 20041 ﬂQﬂl(_SBEL DT/ 1IS2004 NAN71E Tha ni remg t f]ad a
a n-

&k sO' asured o H;\;\j EF?Q?SEZFJ(ZM o

OO T U UV

resonance of | 1858z,
| npedance/ Gaj Ghnieral yzer with a 41941F 61001 | npedance probe.| Anot her sanple 2
was prepar ed—wth—arnetat—powder=basedantenmma, —a netal—fort—bridge 58 and
a polynmer dielectyic M servat | anrMﬁjﬁﬁq tion T .. 9502
Transfer Adhesi ve‘?‘n W%%oorrf}()égr}lﬁ gpnts g’gttl}f“q/ _3@%}%&3% flsls%ﬁggaﬁpqléce‘%gﬂ%%gé’ i

prepared usiwgl i WidafsebdRitalariaid @bfidica@onIBlial bef ahde Withdlg egﬁﬁ o the| ymer
dielectric as in sanple 2. Al three resonant circuits had a segnented

cap(aci tisve byfidigad soprecH th InyoRtEpn. tACChifingy. ofer smbadineaticae Withay e pcaps of hi f t
t he reso.nantthyfﬁﬂald\ﬁnzg%ﬁ'airﬂ?bl e 5 shows the data fromtrinmmng simlar anmounts
of capacitance sequ ially resulting in a shift of resonant frequency.
"Cap" refers to the nunmber of capacitors trimred fromthe circuit. The
resonant frequency is reported in MHz at each | evel of capacitance. "Delta
f* refers to the shift in frequency between each capacitive adjustnent. The
data in Table 5 illustrate that RFID tags of the invention are tunable.

Tabl e 5: Change in Resonant Frequency with change in capacitance Conparative
Sample 3 f Cap Sanple | f Delta f Sanple2 f Delta f Delta f
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0 18.5 MHz 16.4 Mz 13.4 Mz 1 21.5 3.0 18.7 2.3 66.4 3.0 2 23.9 2.4 21.0
2.3 18.7 2.3 325.92.022.6 1.6 20.0 1.3 Exanmple 35 A netal powder
pattern was produced as in Exanple 2. This pattern contained |ines of
varying line width and spacing. Table 6 shows resistance data and
specifications of this pattern. 32 WD 2004/ 080138 PCT/ US2004/ 000715 Tabl e
6: Change in Resistance with DifferegigAjvjg Wdth and Spaci ng Powdered net al
Li nes copper | copper 2 copper 3 copm_u ne width 1.0 nm 0. 8rmm 0. 6mm
0.4nm Line spacing 0.8 0.4 0.3 0.4 Resistance 0.10 0.14 0.20 0.29 O cm
A nunmber of enbodi ments of the invention have been described. Neverthel ess,
it will be understood that various nodifications my be nmade w t hout
depar ti ngi.f r oA tadiv Bejuendy idastifatipe aticle domprishignt i on. Accordi ngly, ot her
enbodi nents are within the scope of the followng clainms. 33 CLAIMS 1. A
radi o frequen@?@@@%ﬂ? %‘?‘?W‘%‘P’Fl?ﬂpés%‘@nprl si.ng: an antenna havi ng one or

more | oops; ang, Bh ERbkP Enlditd e @&&@5@%3%&&9& elBFchavi ng at

| east one electrica conmponent f|n ctive pattern on a
substr at mommdeMﬂéymddmnwmathnwml ses a denS| fied netal powder

conposi tion c ressed int.o | east a bstrate 2. The
artlote of ol QIS HEAEPATHYE RRterh SropasR dspibedmetal BRRELTONPABEPE 3 The
article %@@g@ﬂmmﬂ@rﬁbﬁoﬁgﬁggﬁsﬁa&omrl ses a radio frequency

identification

2. The article of claim 1, wherein the article comprises a resonant label,

3. The article of claim 1, wherein the article comprises a radio frequency identification
tag. '

4, The article of claim 1, wherein the article comprises a radio frequency identification
reader.

5. The article of claim 1, wherein the electrical component includes at least one of a

capacitor, a resistor, an inductive coil, 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 includes at least one capacitor
- plate electrically coupled to the loops of the antenna to tune a resonant frequency of the

antenua,

7. The article of claim 1, wherein the antenna includes a plurality of loops.

8. The article of claim 7, wherein the plurality of loops of the antenna are formedas a

continuous trace.
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tag. 4. The article of claim1, wherein the article conprises a radio
frequency identification reader. 5. The article of claim1l, wherein the

el ectrical conponent includes at |east one of a capacitor, a resistor, an

i nductive coil, a connector, a connector pad, a capacitor, a capacitor pad,
a via, aresistor and a fuse. 6. The article of claim1, wherein the

el ectrical conponent includes at |east one capacitor plate electrically

coupled tg th 00 0 he.antenna, to tune a resanant frequency of the

ant enna. g Tm%?ﬁas pgc%.}méf EHWT%WB?%VWWGM‘QH &5 at frast ppeLondpgtion,) ¢y
of 1 0ops. pdi forth&l fdrhithd Gendified nadtaNpéwdvd RirfioRitiof o Blebttithily douple theops of the
antenna are formed as a continuous trace. 34 9. The article of claiml,
wher ei n t ¢newnieatoniojreuib ta the eptensrc| udes at | east one conduction pad formed
fromthe densified netal powder conposition to electrically couple the
communi cation circuit to the antenna. 10. The article of claim1, wherein
the condun(.i veThradrticle of Elainid, WherbiftBOcondactivel pateiint forrGOR R datA8d &irduet 11. The
article of claim}]l, wherein the conductive pattern is formed by depositing
the met afOBFMIBS M onposi tion on the substrate and desiflying the netal
powder conposition. 12. The article of claim1l1l, wherein the netal powder
conposition includes at |east one of copper, tin, lead, silver, gold,

pl at i num 11gr apHietazticlabficlaim iy wikreik ¢he candoetivegatierniinformed by epositing thé e  of
claim1l, wherein the substrate c rises . a.paterjial that js at | east 10%
conpr essi‘BF‘@fpoﬂfl.er FPRRPOHHQTLPTY F‘(’)%B'ﬁﬁeﬁf‘ ,‘ieﬁhﬁgiflgﬂ??’l‘ POUPROIEMbr i ses
paper. 15. The article of claim1, wherein the conductive pattern conprises
one of a lpl urality of conductive patterns formed on nore than one plane of

the articlZe. 1Re article af elpion &, whereip hematal povedes compesitieroingludes atdeastonecofh

consists e sial ly . t i.fi . | . qmgo' i.on, wherein the

substr at ecoiégfg&é?’g%:atdéﬂjufe F’&%?dap g‘rﬁgﬁﬁﬁ’ %rgﬁhslgg@lihn%&go‘fq B‘E)%e%er a%&c# iln%%‘!eri al s that

are at | east about 10% conpressible. 17. The article of claim1l, wherein the
i cl [ f io f

article Cl%r.rpr I'lsileesal't(lpcqtae otQ clai?n E,a\glge?‘ein rtheeqs%gguca){e comprises a material that is at least 10%

compressible.

14.  The article of claim 1, wherein the substrate comprises paper.

15.  The article of claim 1, wherein the conductive pattern comprises one of a plurality of

conductive patterns formed on more than one plane of the article.

16.  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.
17.  The article of claim 1, wherein the article comprises one of a radio frequency

identification label, a radio frequency identification ticket containing an integrated circuit, and

a radio frequency identification card containing an integrated circuit.
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identification |label, a radio frequency identification ticket containing an
integrated circuit, and a radio frequency identification card containing an
integrated circuit. 35 18. The article of claim1, further conprising at

| east one of integrated circuits, nmetal foils, conductive inks, conductive
adhesi ves, magnetic storage nedia, nmagnetic security nmedia, solder, wre,
saturants, filns, |am nating adhesives, nechanical fasteners, and discrete

el ectrical,co ne : h ' . ' , erein at .leas .
por 1 on' of %t herfeguF of S oot dopherisfl s leRicBibion 0Geraled ftuls Bfle s
radi o fregsidoetiveiiniantodductive athesivds| bhgnetio sordgeindgtia, mdgnktia sdcusityankdigp t hat
forms an antenna; and at Lga t one capacitor plate electrically coupled to
the | oop ¥HderEire sptummts, fins, iﬁ%“‘%mgr BVt P fastegers; and digeredpna,
wherein té]\gctﬁ@a?@&h Senfy. ate is defined by a conductive pattern of densified
metal powder conposition on a substrate, and at |east a portion of the
netallized pattern is conpressed into the substrate. 21. The article of
claim 20, further cqnprising connectjon pads t are _jin el ectr.ical

comuni caﬁ'on %ﬁ%ﬁ“‘gﬁﬂggﬁ%qeﬁ e‘Bfatleﬁ%aIPSBtfﬂn?ﬁ?E}eFPﬂé‘Fdlpé‘gﬁ‘%ne of the
connect i ogyniiaék3ed Mo B fshB@@dY the conductive pattern. 22. The article of
claim 20, further conprising a bridge that conductively bonds to the

connection pads to close the circuit between the ends of the |oop. 23. The

article of,clajmg0. wherei e .nmetal ., powder. conposition includes at |east
one of C%Opperératdlg%ﬁegugggfufépﬁ%@cea 1?”5%?; ,COB'PEP’IHﬁUm graphite, al um num

ni ckel, iron, AMsziRloophalfbrméad afémafdd@quency identification system
conprising: a storage area to store at |east one item having an associ ated

radi o frequendleasiqngcapaciiar plats alesfricaliy conpledinsbplogpioftheantsiaa & Bnage area
t d I i el d; d dio f identificati
0 pro ucﬁsﬂ?‘g%‘%ﬁ%%%mﬁtw e and a radi o frequency identification

reader coup antenna to power the antenna to comunicate with the
radi o frequenoyherelethe dapacitor piatd ia gefindddiya conthativeqaiternf of elgosified metal

dentifi Cp%t\a}d%p cc}n%%siu%%l olﬁdaessub%;[rattla,eaga tat I%ES?a lpg%ntol}%ge xl;lg{aﬂfzea If:n:tttem is
compressed into the substrate.
21.  The article of claim 20, further comprising connection pads that are in electrical
communication with opposite ends of the loop, wherein at least one of the connection pads is

defined by the conductive pattem.

22.  The article of claim 20, further comprising a bridge that conductively bonds to the

connection pads to close the circuit between the ends of the loop.

23.  The article of claim 20, wherein the metal powder composition includes at least one of

copper, tin, lead, silver, gold, platinum, graphite, aluminum, nickel, iron, and zinc.
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antenna and a conmuni cation circuit coupled to the antenna havi ng at
conponent defined by a conductive pattern of densified netal

powder conposition on a substrate. 25. The system of claim 24, wherein the
el ectrical conponent of the communication circuit includes at |east one

one el ectrical

| east

capacitor- plate fornmed fromthe densified nmetal powder conposition, wherein

t he capacitor

tune ar
wher ei n

substrate. 27.aslbiegsysi tietere a€leditond fiem\Maeingiaf abiiriatddBaliol fedjue@ponent

conprises one of a capacitor, a resistor, an inductive coil, a connector,
connectorldwtﬁca%ﬁ’lbtaﬁaci tor, a capacitor pad, a via, a resistor or a fuse.
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plate is electrically coupled to the | oops of the antenna to

nan} f.eguenc f the.antenn 26. .The system of cl aim 24,
:‘?‘BI ea‘éfad°§8$%ePéﬁﬁ8?n€%3°%m%ﬂ€WW/ nsf)%ﬁ't ern is conpressed into the

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 the radio frequency identification tag includes at least one loop that forms an

antenna and a communication circuit coupled to the antenna having at least one electrical

component defined by a conductive pattern of densified metal powder composition on a

substrate.

25.  The system of claim 24, wherein the electrical component of the communication
circuit includes at least one capacitor plate formed from the densified metal powder
composition, wherein the capacitor plate is electrically coupled to the loops of the antenna to

tune a resonant frequency of the antenna.

26.  The system of claim 24, wherein at least a portion of the conductive pattern is

compressed into the substrate.

27.  The system of claim 24, wherein the electrical component comprises one of a
capacitor, a resistor, an inductive coil, a connector, a connector pad, a capacitor, a capacitor

pad, a via, a resistor or a fuse.
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