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CIRCU TS USI NG POANDERED METALS BACKGROUND This invention rel at

el ectri caWqgozengucti ve circuits made from netal powder 5 cpopeosedizens, as
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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

20  processing temperatures.

SUMMARY

In one aspect, the invention is a method for making an electrically conductive
pattern, including: (a) depositing on a substrate a metal powder composition consisting
essentially of at least one metal powder, wherein the substrate is selected from the group

25  consisting of paper and materials that are at least about 10% compressible; and (b)

densifying the composition to form a conductive pattern on the substrate.

In another aspect, the invention is an article with circuit elements including a
conductive pattern on a substrate, wherein the conductive pattern consists essentially of at
least one densified metal powder, and wherein the substrate is selected from the group

30  consisting of paper and materials that are at least about 10% compressible.
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FIG. 1 is a cross-sectional view of a hydraulic press used in an embodiment of the
invention.
15 FIG. 2 is a cross-sectional view of the hydraulic apparatus of FIG. 1 as used in the
capture step of an embodiment of the invention.
FIG. 3 is a cross-sectional view of an article following the capture step of FIG. 2.
FIG. 4 is a cross-sectional view of a portion of an hydraulic apparatus as used in an
embodiment of the densification step of an embodiment of the invention. h
20 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.
FIG. 7 is a plot of resistance as a function of the applied pressure used for
densification.
25 FIG. 8 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.

Like reference symbols in the various drawings indicate like elements.
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| ayer of a nmetal powder conposition 4 is deposited onto all or a selected
part of awspbsiuatze 3. The netal powder conposition 4 pref #GBU§O22AEPudes
finely divided netal particles. 5 The netal particles suitable for use in
the netal powder conposition include copper, tin, nickel, iron, steel,

pl ati num alum num silver, gold, lead, zinc and the |ike, and copper is
particularly preferred. The mMDETAPOBDDESOREPTIONON nmay al so i ncl ude
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powdetts amexta® qfimaften essef twsi arinhere Inyetals,iparisdlesamnafrisingeal isis b lepder erimpikBges, n t he
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powder conposition 4 have a mean particle size of approximately 0.1 to about
2000 ur n; ungsrlayes atyl y dijeronierctallpoutdeD componitamdordssrhinatoooo fimeta der

pr ef er abl t ween about .1 um . and about 500 um One or nore of the netal
powder s i%m?ﬁoem ﬁ%}sacﬁngﬁen §r&16885 ?ec%)is%stalnc? elg T'be treated to remove all or a
porti@n of anyTaeElaeafdd sietcledvii the deetdHowdaoydinpditidios ears ¥irl vadely.nThée
art and var%/ for. different metals, and include reduction g;.g., W th
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conposi t i weedies, dadoisest palybedih eg s b, eufeaspyahmids dnd the e pdiymeiflakéd, er
rods, plates, fibers, chips, whiskers, and mixtures thereof. Dendritic metal powders are
20 pfefen'ed. Similarly, the sizes of the metal particles in the metal powder composition 4
can vary widely, and may include monodisperse particles, a multi-modal distribution of
particle sizes, or a broad distribution of particle sizes. Preferably, the particles in the metal
powder composition 4 have a mean particle size of approximately 0.1 to about 2000 um;
preferably between about 0.2 um and about 1000 um; most preferably between about 1 um
25  and about 500 um.
One or more of the metal powders in the metal powder composition can be treated
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. This treatment step can

30  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
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nmeeting this requirenent is selected. As used herein, 25 conpressible nmeans
t hat sumfacawelds,ei;hacmbatwe@n Sbets nenpiionl pas dl(Se¢ thal}an applied pressure
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amount . When uSeHeHe PR BPYUAM PEATTVES CMBR V(S’S’msans
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comprising no more than 5 percent by weight of additives, preferably no more than 3 % by

20  weight, and most preferably no more than 1% by weight. For example, if the metal
powder composition is a liquid slurry, the slurry can also contain chemical agents to
prevent oxidation of the metal powder.

The substrate 3 is paper or a compressible material. As a step in the practice of the
inventive method, a substrate meeting this requirement is selected. As used herein,

25  compressible means that a substrate reduces in its dimension parallel to an applied
pressure and that the total volume of the substrate is also reduced by a similar amount.
When used herein as a quantitative méasure, X % compressible means that the dimension
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

30 1is [(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.
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mat eri al , fupatién 6lloaslized tbeRaioesaneebebbsengdi durimignhe appmatlm of preysuirali®,a por es,
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pr ef er abl yoitif)@yrespinndrafiitrer dp a8 St Other apch spad:esnﬁ’reﬂamb@g%ﬂdmhgaebamof la@ast 75
% of the percent conpressibility achjeved at 30 MPa. FuII y dense

|
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changes bet talli1ne and anorphous state. These materials are
typi cal | ypcnodsnt csmbfessubdny lop saread atedsMIPh carfdanost pecferabihtrep notwsm dmendien

i nvention. lar|y, fully or A nse green-state conpasite npterials
may show i n&ﬁL\%@?&é g e ﬁé%&s???'& %48 e Gl SOTBRECSHB Y Aot e dlpect ed
to be suffjgiently conpressible for use in the process of the invention. 20

The substrate 3 is preferably flexible, which neans than it may be bent by
hand around aFuibgoolighhpianse nmt@iais Sudbrasientrdderhernt @ust pqdymf:éc alrhy, rayem i n

di aneter. %'h‘fe{.sybs.trat e. Cﬁm be any sui tabl e gh a t hat ggont ai ns
this flexPbl"?i 5 OBNS" SHEPEPRGIYY ‘H’é"sc MECHSALTEYE® ?PHIS STERYE mi crons;
nore py ef @{ g&ybét@s,@n {Heany 24100 PhEARBPhoiPsthte. AhedeanateliMlslaes pidaan nd00

m crons. he substrate 3 is preferably | ess conductive that the

conduct i v@fﬁ@ueaﬂly panpessiblofar vie indhe progess of lromyentiane praletly clillyfor highty
i nvent | Onden%%' %?teglgsttfﬁé cgmggm %Lt%rlalg 11121}J1 Fow volume changes upon heating and

curing, but would not be expected to be sufficiently compressible for use in the process of
the invention.

20 The substrate 3 is preferably flexible, which means than it may be bent by hand
around arod of approximately 5 cm in diameter, preferably 2 cm in diameter. The
substrate can be of any suitable thickness that maintains this flexibility, and preferably has
a thickness of less than 5000 microns; more preferably less than 2000 microns; most
preferably less than 1000 microns.

25 The 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
materials, including those manufactured from synthetic or naturally occurring polymers, or
combinations thereof. Suitable forms of these substrates include nonwovens including

30  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.



practice of this invention include paper and conpressible fibr@usMAN05
non-fibrous mterials, including those manufactured fromsynthetic or
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t hese substrates include nonwovens including 30 dry-lay and wet-|ay
nonwovens, nonwovens nmade by nelt-blown fiber, spun bond or spun |[ace
processes, woven and knit fabrics, nenbranes, foans (preferably open-cel
foans) and exPapadéslometsferamicsubetibatc 3 anp rivaddtyoff paasts af¢ putable, BicdudngaR 2006
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stock, printing paper, specialty papers, paper products such as pul p board
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synt hetic I i Iodd l.ost 6. I8 : : Ltabl e
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~ Suitable substrates can be made from a variety of polymers, including

20  thermoplastic, thermoset, elastomeric, and crosslinked polymers. Examples of suitable
polymers include polyamides, polyurethanes, polyolefins (e.g., polyethylene and
polypropylene), polystyrene, polycarbonate, polyethers, polyvinylchloride, silicones,
fluoropolymers, polysulfones, nylons, cellulose acetate, ethylenically unsaturated
polymers, and suitable combinations thereof.

25 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,
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

30 fibers. Other additives include, for example, dyes, pigments, plasticizers, sizing agents,

anti-oxidants, flame retardants, and the like.
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layers ingthie hamh NabRakl et eTHRMyER nﬁrﬁféqamnawﬁm&ﬁ@enme%h@é of@he Of
different naterials. The substrate may include a renovable carrier |ayer.

The subst saan@mmahdnsqf dlffeteuﬁmammabsdﬁésusubstm@/may ingudeontenaeyableecamiart i | ayer

substrate, IS ssible and the adhgsi.ve i S no

pr ocessedlat 5" E@Sg‘tﬁ)‘%g %@aﬁé{iglm‘%b ]FSlcY,SIL@'Sg i°P |1%1?'fg S tkﬁ%ﬁ@#“%y%rosﬁlgﬂmttl ve
et al  pat {sedonprésRibldgnGthe hedi & 1a§>¢°r34s st il mecaet pastesRy t®eapteRdhd Re@EPOSi t
the metal powder conposition onto the substrate, such as, for exanple,

not ch1bar Pewaer cegipokition @ egkare sendugtispmetal paitems kythe sybsteséni ng, spr ayi ng,
bl ow ng, or apﬁnk%ﬂttébq& i xBH/' Fsze%qo %%9051 [n{@?ﬁl W?@g@?‘%@&ﬁbt lon

may be applied’i ion or rons, with the

15 same 0thecbuf>§tﬁit@rst1clnm, adn mm@ear n@&hﬂﬁﬁbéatmgskmﬁdcdﬂtlhgedlpﬁmg caoffpgsi tions or
anount s of corrp05|t|on may be applied to different regions of the
subst r at e SCTEBPRh EPHYIEn lcowén%»églap%cat@ﬁ@ﬁé e egd- v melahrewd®kr | ess  of

the- conduct s i 160 e iy '] M ADSHIREAGSH in FLOMICarhiSBOUS, Aoy | onal
&y B o) SERIaHar Ut yr b,

via 7, whic |s a t passes C rou he substrate 3. The
opt i onml vamc ar diffefent h&thl@nWﬁenmmosnmm,en dxffaqa:msutmpmutzﬂom&rshmmtmotﬁ 20
Figure 1. An optional

used t confain t
Couposi 11 SHIOTRAY PhaPg o e eronegots P e SHPie PRy e BaiEed o 5
and the opidpen@ndhétigfy 8nd 83¢IGRsOSY the Q&ﬁu@ﬁv@pat%ﬁ et hifRd product.

Figure 1 shows an optional via 7, which is a hole that passes completely through

the substrate 3. The optional via 7 is filled with metal powder composition 4 as shown in
20 Figure 1. An optional liner 6 may be used to contain the metal powder composition 4
within the optional via 7 during processing. '

The substrate 3 and the optional liner 6 reside on a platen 2, which may be
maintained at a desired temperature. Although Figure 1 depicts a flat configuration for
platen 2 and substrate 3, other geometries are also within the scope of the invention, and in

25  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
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

30  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,

uiregular shapes, and combinations thereof.



mai nt ai ned at a desired tenperature. Al though Figure 1 depicts &3fMARt200
configuration for platen 2 and substrate 3, other geonetries are al so
within thVQe¥PEIBY the invention, and in 25 particular a clHFV8SFYeBHtry
may be enpl oyed. Hydraulic press 1 has a die 5 with projections or nale
portions. Although it is not visible in the cross-sectional representation
in Figure 1, the projections-of die 5 are shaped. to produce a _pattern in

the plane of theonsisaadiment ofihe FaeRtinTh IHEINSORHENCTe BTEMITS 1t HEn agpkieds (and
t her eby 'W Bdid eggeltﬂ'lthggjég&f‘xiocfotﬂpggdg%dég)?lséf a §{‘bb1§t3{a?g§\f/§érco 1tf'%>§u for

30 exanpl €, stral ght or cur nes, coils, circ rect angl es,
tri angl es4 tdepagenpataas 100dhide sgearaed. r Tlee cdpaped pudnéralin nepioxe] Gadhieess tsol i dl y
filled or_outlines of these shapes, irregular shapes, and.conbi nations

ther eof . the §UStRIER. 205l hpNiy| PoRtrBoPeRo sy D 7Srens § I eBHe IR KNt of
the inventyon. L85 & HQ &i@ﬁ'ﬁlsgLUaFtu?e tHRBS W Ry ee%gbltﬁ}@esiﬁeﬁlmgn aR¥gibygpaul i c

press 1 in the pattern of the projections of di net al powder
conposi t ilorthe dptianataptiure a pattern 10 on the substrate. The captured

pattern in regions 10 adheres.to the supstrate 3 \A/g'le.th. 1 al powder
Composi t1 on | nTRUgOBRS eI O RSS T AR Ure L e ] ¥t COH DR ERe di e 5
al so captdif fehhRalPRIverPQIEIREd 6P IBOR the GibtMgoidRr BorB&iA6n, 18 wellasithe
optional via 7. The processing conditions used to capture the pattern wll

vary w demypetipeatibagubsirate metemel. aleppseiares, presaseeand apligedon fimep shaoréd al

owder. ¢ ositiQn, l,]. as.the oper.t.i.es,.of the,substrate terial .
Fenpelar aroeei B euple il Siurre.eriRe R Rt E b L PRt
subst ant i @ilch ¥is FeMing, Z@upidRdbudkaheRtering] bnddiahposidaPaeret01y, ik shatyiate 3,
such as nelting, warping, buckling, blistering, or deconposing. Preferably,
t he pl at enaimtaiaed gt tRmaPETAEHC RetvecenSApad aL2are. dethedie SO ahlpasBte raised t he die
5, or at aj . i i | Hogd
Cerper at 2005 g Soh T U e dresthy e BT RTBR 0 S B R e u
processi ngetpeasdamd 260°h Ukdulrmogssiaf p2&sifeds irothé @engddRsf, 2018 Pand 400 8R4re i s
mai ntai ned for up to 300, seconds. Preferabl )ijée laten 2 and die 5 are

mai nt%i nePIRTCRBEUE DPTEgedser WP W sPetsufeciseihedtalah dnd ke ARE and 200
WPa Ts  TRLAARH bAi APIRE, LRD,ARANE O RAER0MS s Tia SARIUNAPRILCESS

step may be perforned in a confinuols process using, for exanple, a rotary
di e, or imamtdisgdfonneenae tsiregboando sepeds. process using a flat die in an 20
hydraul o presg, SubsLiate aLerlal Ty be hand ed; Lo, he fLormef e ow or
wi de webs, P P p may be p P &>
example, a rotary die, or in a batchwise or step-and-repeat process using a flat die in an
20 hydrauﬁc press. 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
of large-scale manufacturing will be apparent to those skilled in the art.
To capture the metal powder composition 4, pressure may be applied by any
known method, for example, using an hydraulic press alone or in combination with an
25  acoustic apparatus, using a patterned ultrasonic horn (not in shown Fig. 1) patterned
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 steps using the same or different metal powder compositions on

30  the same or different areas of substrate 3 may be performed, for example, to give a thicker

captured region consisting of multiple layers of the same metal powder composition, or to



sheets, sheets supported on webs, and the like, and the use of (i; 0
invention in the practice of |arge-scale manufacturing wll é} M&i (g§1t to
t hose 'ski \W@ehiini4she art. To capture the netal powder conpasit/usie/24870
pressure nmay be applied by any known nethod, for exanple, using an
hydraulic press alone or in conmbination with an 25 acoustic apparatus,
using a patterned ultrasonic horn (not in shown Fig. 1) patterned S|mlarly

to die 5. Eb%eé&@&ké&%ye%o%oa&%&relcﬁ {BRRINAYaFBYr 1BR¥Vide IAEMBRAGES 1A N
process condltlons (such as | ower terrperature or pressure) or in the
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consi st i ng osmtlntmie@esltamsslb@ffrat&Iaeznsgrm;snmt ap, \pmw@lretacspmasﬂ don@dsitidh to 8

U9 MAR 2006 WD 03/024173 PCT/ US02127370 Er ovi de discrete | ayers of two or
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net al powder conposition 5 remain dhered on ate regi ons
11. Al t hotigh! LR 82X dtrerbod e mapianhBHA oF %8%%}5 qn B %CHO Sb‘ s%eﬁ lrg‘ﬁown in

Figure 3 1%§1dﬂ91vhﬂgilm%1%]doxﬁetr%k’@$\§8& ‘g;ﬂp%ﬁubﬁn? @R my¥ b 1&&&%850?10 surface of

the substrate 3, int attice iIs inv ntlont e top surface of netal
10 mayw besmlstaneallpmndxwa:drﬁcvmmb substioett byvatvheetyad convdndioaalahethhés, fabst rat e 3.

The residual, unadhered netal Sltl nin regi.ons 11 m
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t her eof . mmdqr@pmp@smpu e regonsslé lhéﬂaeqwarséam subjattect toepmssuag by ploswvder

£d he
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renovel os‘hoslnﬁn%%@elﬁhs 0S| poﬂvdEi gcuﬁ@)saldrh@ regibas 1pﬁw%hb§éqm@t$y Bd on in

regions 11 nay subsequentl substanti al Ig renmoved w t hout renoving the
adher ed nBtbsiapbaiperemeEayy iqw‘f g Ang bgiaghered prptal ppwdse enpoBliRiein regions
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In one embodiment of the invention, referring to Fig. 4, a densifying energy in the
20  form of a second pressure is then applied with platens 13, 22 to the pattern 10, 12 to
densify the pattern. Preferably, this process step increases the adhesion of the pattern to
the substrate 3 and makes the pattern more conductive. Optionally, this step smoothes the
substrate. 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
25  greater than about 10%, and more preferably greater than about 20%. The second
pressure may be applied as hydraulic pressure, and optionally heat, acoustic or microwave
energy may be simultaneously or subsequently applied. Ultrasonic energy, heat or
microwave energy may also be employed prior to the application of pressure referred to in
Figure 4, or may be employed alone to accomplish densification without the application of
30  asecond pressure. Variations in process order and various combinations of processes and

energy sources used to accomplish capture and densification are within the scope of the

invention.



20 formof a second pressure is then applied with platens 13, ZggtMAthﬁ@

pattern 10, 12 to densify the pattern. Preferably, this pr .
i ncr easesWHB/@dHési on of the pattern to the substrate 3 aﬁ@ﬁ%ﬁ@gwhe

pattern nore conductive. Optionally, this step snoothes the substrate. The
resul ting conductive pattern on the surface of the substrate 3 has a Figure
of Merit (FOM _described in greater detail, bel ow) .of.qgreater than about 5%
preferably 25 E?E’gﬂfllélry’ AT AT ST 2 ﬁé?dﬁBt"Qp e@fséqegtﬂ?iheg?aé%f‘ée% t han about
20% The spceRd3 WitIE pRHLE 178Y2 RemamiRli L8l stB s YA Hdnk & FRE GRS WeBveeR ML
optionally heat, acoustic or mcrowave energy may be sinul taneously or

subsequentdggs apihicoddudtivepatiomi 1 enkthgyybshretetsunface. i lthoogh Fegwndrdgyictrey al so ‘
be enpl oy ri.or__ .o the i catj of, pres e teferred.to i Fi.gure 4,
o vt DR BnbSlaliSh st eaE R Bl SO, PRt sRR RN L e SR it s MR at on
of 30 & s@eebsheIrens HiventiMBahatn pAGichRr B164&eshe lidled gattdey R

conbi nati ons of processes and energy sources used to acconplish capture and

densi fi catmplayed- ePrigfarably, Riawsuscispeprbed substaniizieeauadi to thapeplizgdand3 0 9 MAR
2006 PU%#?Q%{H%@EQ“@BEg[p@]re%la{) hiat he second pressure is applied to opposed
e patterned s

si des of ubstrate 3 with platens 13, 22 to m nim ze

distortion at The dentificitbestenohabdeweeorrhditin Lcgeihuois proeessdyduch meengpat t ern
10 and the substrate surface, Al though Figure 4 depicts a, flat
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cur ve? ge%ﬂrgielt%? %ﬁ%ﬁ@&%gﬁmg%ﬁogg}ég'i %Pn%%lgdr}ggﬁ&ge% 321 z‘ﬂﬁrﬂé‘?wsﬁé%gfvf‘g%h &
subst ant i &l tlyrasgquahdmn. t Sutisheatembiatibl med bahahdledinetha lfbinz efingposw bomsdeof t he

substrate. The densjfication  step may be performed in _a .continuous process
by such nE&Ns ,sheefsoﬁh%%t%\%mp@{te%en&Eﬂbéor%&rﬂler 3 ahd Ko of S8 TBYeRHOR Gt | on

zone, or | A - N i or exanple, a
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hydraul i ¢ press, m crowave , or an ultrasonic horn.
Subst rat e mat efThapressaye bppliandlteeddensifidadion stepinibava 20 diPoto atiodie 400&MHR3,

rvent onPIETPrEHNE B 1S P00 S SEL ian it SETUPERG S COBURr ent (o
s S ol epadlo THC S50 5 ambl ln hagopiet kgl 1
Densi f i catlioah168°Q toedbeupt E¥EU }W’sthiapphmiwucﬂf etheasourtenqfateasifiyies eﬁ¢rgyrs!aﬂnut
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the Examples.
20 Referring to Fig. 5, the piaten 13 is then removed, and the resulting article includes
circuit elements with a conductive métal pattern 14 adhered on a surface 15 of the
substrate 3. A circuit element is any metal pattern or shape or combination of metals,
patterns and shapes that may comprise all or part of an element that is found in a
functional electrical device. Examples include traces which provide electrically
25  conductive paths or connections, capacitors or capacitor plates, inductive coils, and the
like. |
A Figure of Merit (FOM) can be used to compare a pressed powder measured
resistance to the minimum possible theoretical resistivity for copper, according to the
following equation:
30 % FOM = (Rineoretical / Rmeasured ) X 100%

where Rineoretical 1S the resistivity of copper and Rmeasureq 1S the measured resistance

of the pressed powder pattern. Resistance is the raw data that is measured for a particular

10



about 100' C to about 150'C. Wth application of other sources ofU ﬂg@ﬁ%ﬂngi ng
energy such as ultrasonic energy, different tenperatures ranges e
preferredw@gshadenonstrated in the Exanples. 20 Referringct@séd/gsid, the
platen 13 is then renoved, and the resulting article includes <circuit

el ements with a conductive netal pattern 14 adhered on a surface 15 of the
substrate 3. Acircuit elenent is any netal pattern or shape or conbination

of netal sgampatdRIis i3 RGsd2ReE SorlthabroBRYectiONRhH K gdl bf Q%Sarﬁ@-ﬁltar éhfmc}ﬂél tel ement
that is found in a functional electrical device. Exa es include traces

whi ch pr ostiride ag h eelcpiated riesistPa ty endesctibekempes fidlyon Exempesct.i Shemethwdaditheor s or
capacitor_plates, i.nductive coils,. and.the |ike .A Fi f -Merit (FOM
can be usRReeh SRuniP 4ohb Feloutas TRttt el B he i i hum
possi bl e tdiRIaE@YE paters BSVISE b \Hifyte DOMEDRRRAer tRGCHML 5%, beefédaBly dredtéanemy
equation: 30 % FOM = (Rtheoritical |I Rmeasured ) X 100% where

"Rt 1] eot et #at 10V anhmore piedephlyiayeaser thgpghonut 30 Rreasured is the nmeasured

& moacured fof TaCRA ERREP R s Bah R o B PU R B e TP 0
sanpl e, ab¢hdiny snd sbragomaFozednipdd, athaigr ke sredl ipatterand thendbiatetadbe

particul ar sanple to arrive at .a calculated resistivity, as described nore
fully in tstempned by messuning thedesstancgof thepetahpatieny dniingpnd afterdhe badana o make
articles LIS 0g. Gl it S W ot thizer [ a

i gur e of CNEY A ol it of S pER B ek af o CRCHEL EX PR 228 T HERRY Sous
and mor e rrefietiedty yp@r leaidarg ddpandsadiotht c2fiponciheo Cibn aduxtsliposvdeatdrepositlgh
adheres wel| to the substrate, and w thstands. noderate _bending_an

abr asi on. 2Foihe Ex mt%?la%ﬁﬁtsﬁr%ﬂ@ra@?yatam@I%t@Palﬁgt%mcwﬂoel%rﬁenfé&bgngs@néan be

det er m ”eﬁie&%%@t%ﬁi%& h8d b &affRR BF %@qgm%%o&%grre?%&@& Oflﬂ_éfiﬁﬁle(ﬂ?th@w digdnand after

the bending o he article around rods’o iamefers, as descri bed

i n Exanpl esBncd heredsang®Withoot wishingdo dt boimd/byifhenr h edoksign wlepbadse tin t he
conponents aof th al powder co sition .and the substrate material.

Pr ef or abl JeCET S pRRCRIERT QhP AP HECE T FAIE BPRSRIS A DRAASPANACT bendi ng
aroungs a s@fpaitici aEh®stat shRultBousipr € preferably 20 inn, w thout
significant resistance increases. Wthout w shing to be bound by theory,

adhesi on may bEoHewingdhe deushiaestionisteas thaaHirdninchidiegelsewl demarts magul ting from
conpr essi| Qﬁic}ngﬁy %&grlgo F%'Qlyt\ﬁieerradditionall processing steps 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.

20 | The process steps of the invention may be conducted at mild temperatures as
indicated by the preferred ranges above. Lower process temperatures result in reduced
processing costs and also enable the use of substrate materials that are not stable at high
temperatures. It is advantageous to be able to select substrate materials for a variety of
properties including flexibility, surface energy, environmental stability, reuse or

25  recyclability, chemical composition, low cost and so on, as may be required to meet
various product specifications, without being limited by process temperature requirements.

This invention is illustrated by the following examples, but the particular materials
and amounts thereof recited in these examples, as well as othef conditions and details

should not be construed to unduly limit this invention.
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15 conposition and substrate simultaneously. Follow ng the dendi%Watllion
step, the article including circuit elenents may optional Ily under go further
addi ti onaWO3gReE3i ng st eps such as conversion, |an nation, FCEY$428/#i'ng,
etching, coating, assenbly and the like. Additional |ayers may be applied
and these additional layers may al so conprise electrically conductive
patterns._ 20 The process steps of the invention may be conducted at mld

t enper at uEEAMELES i cat ed by the preferred ranges above. Lower process

t enper at ungac,mgﬁylt in reduced processing costs and also enable the use of .
substrate als that are not stable at high tenperatures. It is .

advant ageous to be able to select substrate materials for a variety of
properties includjng flexibility, sur e rqgy,, enviro l..stabjlity,
Feuce or DasFeepeleatpienty: hint e oRp0s v calcERehe thE fa AT Phs. oy
be requi rgdqk c&%gére tNEfeQUS e PIRRYke %Pﬁ gé‘sik < AW pattbinfie ¥he RShiRA] | M ted

by process tenperature requirenents. T ention is illustrated by the

f ol | owi ngpessiipthesretibaltresiktevipafior putd capperscepidin stoathd fellmving squitemeof recit ed
in these exanples, as well as other conditions and details should not be
construed to unduly Iimt this invention. 11 0 9 MAR 2005 WD 03/024173

PCT/ US02/ 27870 EXAMPLES Exanpk @O EIRG, . £X2TPRE..RL.$$2N08 a sanpl e Figure of
Merit (FOM) cal cul ation. The % FOM can Be "5 use retz conpare the neasured

resi stance of whpreddmedptpibierespaivitgofpixs cohpenand Rarm.pos silshlatedHewn éhe cal

resistivity for, pure co r according.to the follow ng equation: O o FOM =
(Rt he S etfr%%ﬁur‘?i ﬁﬁé%gfﬁ gg e)sa%p%dae?ﬁ%%ﬂgwﬁfrﬂé%ﬁé&'i cal is the resistivity of
pure copper anghRagasyoEdolid Sofk 641806 @nr aMetrbeistivif seappeed 1IBxistance of

t he sanpl e pressed powder pattern. The density of solid copper is 8.96
g/ cnB.  Thlems-esi skq narmplige frghparass andicrosyseotion obthesample, e massalgrases f or

t he mass d._er i . e . i i - uni

ength | PR P bRl sl AR fer biaBRRn L) B McBBorREl ilBlle

i nto the FOOMeqattiah) swoh tisatch that: 15 % FOM = (Rt heoretical / Rreasured ) X
100 where: Rtheoret;cat = (density of copper_)(conductivity of copper) =

0. 0008155 g-ohn-i/cng % FOM = (Rneoretical / Rimeasured ) X 100

where: Rineoretical = (density of copper )(conductivity of copper) = 0.0000155 g—ohm/cm2

Rmeasures = [(mass in grams per cm)(Ripeasured PEr cm)]

For example, a metal pattern was pressed onto a layer of copper powder to give a
pattern having a mass (M) of 0.402 grams along the distance of the metal pattern, 123 cm.

20  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
ohms. M/L=0.402 g/123 cm = 3.26x10” g/em and R/L = 5.7/123 = 4.6x10”* ohm/cm. The
% FOM for this sample can be calculated as:

% FOM = {0.0000155 / [(3.26x107 )(4.6x10*)]} x 100 =10 %

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

combination of two other metals.

30
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Rmeasured = [(mass in grains per em( R neasured per cm] For exanple, a
metal pattern was pressed onto a |ayer of copper powder to give (b9 MARZ80&r n
havi ng a Ree93/40Mi7pf 0.402 grans al ong the distance of the pefpakoRaiiern,
123 cm 20 The resistance (R) for this length (L) was 5.7 ohns as neasured
by a Fluke 189 multineter by putting the probes at each end of the netal
pattern and reading the value in chins. ML= 0.402 g/123 cm = 3.26x 10"3

g/ cm and Rkhmpld2 7/ 123 = 4.6x 10'2 ohmcm The % FOMfor this sanple can be
cal cul ated as: % FOM = {0. 0000155 / [(3.26x103 )(4.6x10"2 )]} x 100 = 10 %
25 A FOM of 10%prsapowdeatdendrtie,f micgemns &9¢ eolerctignptAldiel (Mdaenks What was
10 % of e i i §0 i ugk I npl es
are corrpa\?/gﬂdtg%éd%ﬁ@?ﬁ%g %{lEgAn%%%ﬁ%ﬂﬁ@é%%?%&e@%&?%‘?%gf%égﬂh%ec ivity,
even whenwhite ands éinsessefdnéthardol. Plad ddpperl powdea ks @llb®ed te drybinrad fopabat 1copper
and anot her netal, another nmetal or a conbjnation of two other netals. 30

. 12 W03/ 143 0omodigmetep G3E0 pes webplacergatdhe topphs Z0om damstsr. 4swdens
(dendriti Jull 9 i r : . cl eaned
by st rriageRf Peab g, Bk Ll e e o el d o PEIE TS st - °01
wat er andtyBe Si Erannh fitet papolcirclEheliapopeer (OBE S5 masoa bbb ®de)chrdahelrthei n ai r
for about 1 5 hour. A 20cm dianeter #270 sieve was Igced at the top of a 20
cm di anet @PPeBRYHer veHgPripilsd 1P hesigrodalionsd 1@ 4715 6918 PXHEMHET pl aced
over a setyff SLYS Ap Vi AERL Shpld PGk MOALIBRibieBf 0 RAREI0 OIS BHES.
Tin powde ap(QAEE 1% m crlcl)n 99.9%npand then the a[ig?oprger g%v\ger wgs sngrnlenkl ed
i nt o tohe Shiswestiaotto Bdpipbiostcbnt of eetar neord ovatel potvdetshe shbdttags is rpped td g the dept h
that varied fromsanple to sanple fromapproximately 0.1 nun to 0.5 mm 10

This net h3E"1B8 1IN @éflpiﬁquﬁm OARPST nore metal powders to substrate is
referred to aspf g §ﬂe§,"t’h@%éfﬁtﬁ6%ef s LRR G ERE aﬁ:?‘aﬁ@}_iq ?pre'sﬁn?% ?}ht’fe?ﬁec?_t ep,

the nmetal powder was captured into a pattern by pressing a pat ned die
onto the qowderthapongerudag ¥ Claryr ptatm peed@I¢ddbdsd 1, 3ekash) idesh) inipadirena)
'pgpmg;:' "% e 3B P TR p R ahd BBOPEH. PR ecess SowRARTs then'® €*CESS

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 ohms. 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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In a second step, the captured netal powder and substrate were p:{?g@g 008
together and densified between two snooth platens. In this seco A
Wabash pr @3 03pplived 112 MPa concurrently with heat at 200PETUSPHR73[kss
than two minutes. The total mass of the conpacted netal was 0.459 grains.
The resistance of the 20 length of the pattern, 123 cmwas 1.3 ohns. A
summary of the preparation of this exanple and %OM (cal cul ated according
to the meEnauhples Fodkl e 1) are shown in Table 1. Exanples 3 to 8 25
Exanples 3 to epared usin these t hod .0 In one
step, the net a%xB‘i‘}R%ég ﬂgg VCARPLP dl‘ﬁ{l@!i Blgf'g‘é}nﬁr%ﬁ@’tﬁreengx dFIISy pressing
a patter ngdssifié Bn®@8Hcend Biep RENEIGH padssitrB §s ApRied Wigstwd1@Hbbth Hlakakd & dbscribe
different pa substr at es and a conbi nati on of nmetal powders and particle
types wer®r dﬁgemplﬁa% Shoewrond prespite wWas appleed atagpwttamperapir ee@@hptsfarr’éwnmﬁs
g?ﬁﬂsg do uéllerneglt gf%lsc 8“' alse aag lgﬁ "?I%e LS su'i] seqssggft]’o eac?g dlca§er310\1'{,§'abfee
differentl §Ms$p@%sx@@m(ib&drﬂr}ﬁ esstfe. Mebéxeals atd ensulhted %lktelvsatb&usroaéhesmaﬂd
netals are  _described in Table 2. 13 WD 03/024173 0 9 MAR 200E

PCT/ Usce/ 2at8¢ad- Exanples 9 to 19 Exanples 9 to 19 were prepared using the
sieving, first capture step at a first pressure and second step wherein
pressure is applied with two snooth platens as described for Exanple 2. The
second pressure was applied at room tgupgé gt ure, except for Exanple 5 19

where it was applied at 100C. The pressures used for each step are indicated
in Tabl e | Exagdple st pMessiaise + 5&aribrpe @dpa)r p) FOMACACY alax ahd c@badihated
o%F-OM ar e lalso—shown—i-n—Table 1 - Table 1 Exa | eMaterial-sMax Force (Mh::\l: MV
%0u maxCdndi 21 ons PREPCEIRNSIh2E (S dStep)ast o step press p| G¥O itfl? Pg@ﬁ £ @His
2) 200C 3WEP+CUD+HSn386140ne ste DHaQs tep 2)

3 WFP+CUD+Sn 386 14 one step press

4 WFP+CUD 349 11 one step press

5 WFP+CUS 335 24 one step press

6 HCP+CUD 370 5.6 one step press

7 HCP+CUD+Sn 370 5.2 one step press

8 WEFP+CUD+Sn 144 13 " one step press

9 WEP+CUD+Sn 29+ 112 15 two step press

10 SPA+CUD+Sn 61+112 34 " two step

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 90+112 0.97 two step

16 WEFP+Al 90+112 1.2 two step

17 WFP+CUF+Sn 90+112 15 two step

18 TPP+CUD+Sn 27+112 3.3 two step

19 TPP+CUD+Sn 27+112 , 5.2 two step +

100°C Heat

10
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4AWFP+CUD340110ne step press 5WP+CUS3352. 4one step press 6HCP+CUD3705. 6one
step press 7HCP+CUD+Sn3705. 2one step press 8WFP+CUD+Sn14413one $teWAHHEss
IWFP+CUD+ 08 9370243 2315t wo st ep press 10SPA+CUD+SN61+1123. 4t wop&t/8R02/27870
11PSB+CUD+SN61+1125. 9t wo st ep 12PEC+CUD+Sn61+1125. Otwo step
13NSB+CUD+SNn61+1123. 6t wo step 14PEP+CUD+SN61+1126. 9two st ep

15WFP+Al +Sn90+1120. 97t wo step 16WFP+Al 90+1121. 2t wo step
17WFP+CUF+Sn90+11215t wo step 18TPP+CUD+Sn27+1123. 3two step

19TPP+CUD+SN27+1125. 2t wo gih@e 2:184H R34 tio68s ¥orVEWBR 924173 Table 2:
‘Abbreviations for Table 1 0 9 MAR 2000 PCT/US02/ 27870 Substrate

mat er i al Abbr. Sour ce Gpaay nhatilnan Xbori | ter paper WP What maSotuee Company
. Adifton, INJ_Polypropyl ene SMS FEi berwehPPEBBA Non-wovens-—Siapsonville - SC
Pol yest er] Pul p P&hatpgn &4 fidtep parEPPol yWEP| G- oup | nc, Benddhatmee g §lliften, NI
porous pgtyethiyienePPREGndust tesPigdmsburgh—RA ST Kk TQ0YSRAShanasi &

Sons, New Yorpl?,YyWBé eyglgffseﬁ'lgT&f&’( cl ot rﬁgaZSankei @Aﬂk_]? [ ij é}ég%r?g réﬁﬁ\r%re’mgﬁl

copy plug 2QleddbHpipuestpRiwIab| Papeppphenphi s, TN JPah¥PGERY 186 EBenBbH) NC
boundPSBRalyner G oup Inc, Benson| NC Nyl spun boundNSRCer es, Cant onnent |,

Fl Teslin'", porous polyethylene TPP| PPG Industries Pittsburgh, PA

Silk 100% SPA Shamash & Sons, New York, NY

Polyester 100% cloth PEC Sankei Co, Ltd Japan

Hammermill copy plus 20/501b HCP International Paper, Memphis, TN

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, W1
Copper powder flake CUF| Sigma-Aldrich Cat#292583, Milwaukee, W1

Aluminum powder spherical Al Alfa Aesar cat#10576, Ward Hill, MA

Tin powder Sn Atlantic Equipment Engineers Sn-102,

Bergenfield, NJ

10

15

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
cin) 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 mum in diameter, 0.5 mm high and separated by 0.6 mm. One die
had a 0.125" (0.3 cm) diameter guide pin at the center of the die. The other die had a
corresponding hole in the center of the die for alignment purposes. The filter paper
substrates had previously been punched with a 0.25" (0.6 cm) paper punch to allow the
guide pin to pass through the paper. The copper powder coated paper substrate was
sandwiched between the dies and pressed in a Carver platen press for 2 seconds at 330
MPa capturing and densifying the powder in a single step. A series of samples were
prepared in this manner in which the mass of the copper powder was varied while the line

width remained constant. The measured resistance per unit length is shown in Figure 6.
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Copper powder dendriticCUDSIi gma- Al drich Cat#357456 M | waukee, W 2@]5
powder fl akeCUFSi gma- Al drich Cat#292583, M | waukee, W Al um nunq

spheri cal AYQN}/R4ABsar cat #10576, Ward Hill, MA Tin powder Sr PATIUaA/27870

Equi prrent Engi neers Sn-102, Bergenfield, NJ Exanple 20 5 Copper powder as
described in Exanple 2 was sieved onto Whatman 54 filter paper. The
patterns were captured as follows: a matching set of steel dies were used,

2" (5 cnjlhethegretical wsistande oorrespopding te aperfbitcknpedineradtn ntirfechiel liae sist of

t wo mrculg ﬁl‘ggess gt4hn|mW|de 39 mmand 40 nun in dianeter, 0.5 nm high
and separa ad % o) g rtﬁ% e die had a 0.125" (0.3 cm dianmeter guide pin
at the center of the die. The other die had a 10 corresponding hole in the
center of ExAeplé 21 for alignnment purposes. The filter paper substrates had
previously been punched with a 0.25" (0.6 cm paper punch to allow the

guide pin to p§§§1piqsrwg ﬁrwdplaﬁemamnﬁélntlbw@ﬁhabeﬁﬂéamelﬁa?@e%csﬁtﬁbﬁ the

substr te I: ten
ress T or SPRLRSRIE A Sy e MEATe R8T R LRGP BRROG Syt R R ke R 2
single st ppapaﬁtlsﬁrof € ahpliansheplaserae plesgpden pi@duien ranpisg fraomrge toi420whi ch
the mass of the copper powder was varied while the line wdth renmained

const ant . Mirfe The asistanserad dha sarpples pas mgaured anhisCe hesuBsamntid cppRfire 6. 15 0
9 MAR 200@3}3@69%/&9@& %r%ﬁ h & gﬁly‘%)gcjnggl@%gor;ﬁ 2ER0K ?ﬁép%&@lwél 'c%h%g#chdmé toa

corresponding to a perfect co e an a per t tin |ne
shown as dmtumdhicl\nﬁ oﬂB(Bm)drenlel‘lﬁaeqmﬂtesra/ﬁDEe¢melﬁlgnEd7 in a manner si m | ar
to that of Exanple 20 except that the 5 copper powder had been left open to

the air in_a tra¥ for 6 days after cleaning and before preparation of the
sanpl &, géﬁﬁ-‘%%—%\ere pressed at pressures ranging from80 to 420 MPa. The

resi stance of tiig r&RAPARS/ RS m%ﬁﬁeﬁeﬁmﬁlﬁ&@d\K}@leamahz&jfmcaqwr
captured varied fromsanple to sanple) nornalized to a capture weight

cor r espondiiplgnespofas0 magrony and thien lamersgedh Ths GesidtanasnslucT Her thesaplesafe pl ot t ed
5 U el BRI G22Il Lo shanse valhew o1 sl [ S e
resi st anceinvithyasefaped (Mhey HadPtlSodly been normalized to a line thickness of 50 microns
15 in Example 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 placed 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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Exanpl e 21 that were prepared at the pressure used for Exanple 20 (330 MPa)
were simlarly averaged (they had previously been nornalized to g Q%UB

t hi ckness v opfrsyLrons 15 in Exanple 21). The sanples for ExauRlE: é%
prepared fromfreshly cl eaned copper powder, gave a nornalized average

resi stance of 0.054 ohns/cm The sanples of Exanple 15, prepared fromthe
sane copper powder after aging in air for 6 days, gave a nornalized average
resi st anc@adle ©. Ii8maNG esistaidls befioe aas efttrhehhigedtesiist ance of sanples in
Exanple 21 is believed to be due to the formati on of oxide on the copper
powder as it is 20 exposed to air. Exanple 23 Four sanples were prepared

using the one step pr jLer and erirars of €20 pt|a pressure of
. 250 MPa. The resi Stalfé‘\lﬁg?gimég :Tq}i gégw al:a};ﬁ nR géilﬁ Fxanpl e 1. The
sarrpl es were then seét 3 an aQ(Ln$' um fo ?'?[ aﬁg ?%cgd21 or 10 25
mnutes in an oven : poved-tandthelresi stance was
. measured again. Th s@hﬂ%ﬁa sRedv|Z- reodé | 3 i n2r =§1’95t1a%cé'-%1 ter heat
treatment. The befole afier after |resistantes of the dightl citcuits are
sumarized in Table 3: 16 WD 03/0 2 4 1 73 Table 3: Summary of resistances
before and after heat treatnment 0 9 MAR 2006 PCT/ US02/ 27870 sanpl eabcdef gh
ohns- 3. 93 Exa@nfifle 243. 72. 22. 2 before ohns-2.22. 11.61.921.91.21.2 after

Exanpl e 24 A copper powder coated piece of Whatman 54 filter paper was

pl aced bet ween AHcopgtee howderdicasedgs ecbafCWhitadnisd fHicamppe 4. plRatitbetwdehan pl ace

the diein a ress di e rukocevm .h.a h

conpr eSs & 1*3%5@21 #ﬁsﬂbsém F?‘Eﬁﬂpléggp%?“ - Penplace e i e Bl o

t hose pre r I I i very
Short ontaoy T {HucIRSE b 4 Barler B iR Bebon I ThERSPepREOR bl

t hi s i nvemppeaned Emah%rptoethfa& mpﬁsﬂwym@emg@hﬁmﬂmemtdss ChpisRlenmn@iDdteOthhb) was

cut into 2"
very S)flO% con‘gtc{31 tunes mclucﬁng rapid impact are useful for the practice of this invention.

Example 25
10 Copy paper (Hammermill CopyPlus 20/50 Ib) was cut into 2" by 2" squares. A set

of 4 samples were coated with copper powder (3 micron dendritic, as-received from
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 partiai

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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of 4 sanples were coated with copper powder (3 mcron dendritic, Q’;)l 1 E%ﬂiﬁved
from Sigma-Aldrich) at a distribution of roughly 1.2 grains of c gﬁ@

powder cove@oyfR#itee 2" by 2" area (6.45 cnR) of each paper pemhsbz/atser The
coating (sieving) nmethod was that of Exanple 2. A patterned die was used to
conpress the powder at a pressure of 370 MPa. 15 The substrates were wei ghed
before and after the circuit was forned, and the average circuit weight was
0. 034 g, efraightdfihd tiyd campif befare betdihg nerouldehanextaye mésRetistmoe of t he
circuit lines was 0.19 oh second set  of .sanples pared .in an

lc S pr
i dent i cal MARHRDFNE YWEEHMAARREIONR QRGE T r gendipg t ee\&@ngiemmd

sprinkl edgppte atcli}@uiﬂggt?érﬁ%trfcﬁs of BElamAY:RL:A8Em WL SiHst:Bfe dubiRgGhd G&ding | Nes was
0.0017 g/cm and the average resistance was 0.17 20 ohmicm™ The two sets of

sanpl es werasessheasistaop bet@des infiattbeSamoples asthoutz tonaidertayteo weheable toleaadur e

descripbed bel gw., This test also tests the flexibility.rapnge of the

Subst rat e8I A0 HBCAFTpt Fer RS aelabtinateh ¢ e R PRI SRR B i nto
each sanpkehstateDEiRAkink M8efal fI6MbLlit). MBS sdtf QarhpRs RATH thakin \#dedhyes hese 4135S
rat her than 360). Chnmreter probes were attached to the circuits on each

side of t Reledd bewd arphed 2asdplianetigerasst ansrarpeni rogls 6 meiald as 8 muasn giangéerr easi ng

di I . gl. , e . .and
ai amet or s RH ST TRt AR g et oy 1 Beedl Boa € © T

strai ght ephttgn diens2mmliewhef RiHpbeacbund thd 3 Yo ahdiRs ARYSursd ZRistRde,
Resi stance neasurenents were nmade before, duri ngz,n?)and after bending the
r

sanpl é0 ar tiridhede Ay deruntfercace pf the lisier wgrepsqslromrn ehme ke 3 érohued whilhbands
fromthe %ﬁ]&ﬁhﬁﬁé%{i%ﬁ'bﬁ ik 2 40SHA N pPIdTE This, %ﬁ%ﬁ&@%ﬁ%@g&;&ﬂ““ nite.

Sanpl es wthout a tin underiayer Wwere a aroun .

di armet er fraprowed otabilde hdthienwdct @bedldirtd e difetitlpapaink @henfan T@@etlfyer of tin is
substrate, showi ng useful flexibility. The set of sanples with the tin
under | ayePS‘?{/\'}ere also able to bend around 20.1 di aneter rods, and around
rods as small as 3 mmin dianmeter wthout the circuit |lines delam nating

fromthe sybsthases- I n one sanple, the circuit pattern did not crack when
wr apped arm%#‘r‘%g 3 mmrod and its neasured resistance, 10 over the 12 cm

circun$erence dhig dxarndple demomtragasetsy of steppidc8ssoirsrd the Buealglomelenhi | e bent
1 st r at E2PPHFOR HA GO0 din d P e aBeu P B HER A o PS¢
patterns whggyan underlayer of tin is used.
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%
ultrasonic power was applied for 200ms. The pattern before sonicating had a resistance of
0.2 ohms/cm. After sonicating the best result produced a 40% reduction in resistance to

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 horn 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

900M power supply. This produced a pattern having a resistance of 0.28 ohms/cm.
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Exanpl e 26 15 This exanpl e denonstrates a two-step process, wher Ehn%PﬁR mgal
powder conposition was captured using a hydraulic press and furt

densi fi edwgsdng+uBst rasonic  energy. Cu powder (dendritic, Si@gmeseahldsioch) was
pressed as a pattern in one step at 340 MPa on filter paper as in Exanple
4. A segnent of the pattern was further treated with 20 ultrasoni c energy.
An ultrasonic horn wwth a 25 mmby | mmraised portion on the end of the
horn tip, Epawpled by a Branson 900M 2000 watt power supply using a 1:1

booster, at 20kHz, was_pressed onto a portion of the captured ttepn at
679" WPa. Then” DOUCEHS 08 Bin SR PR Y T8 B U o BOE: PR pteor
before so .%ﬂl’%ﬁici&?éés)accﬁﬁﬁﬁﬁé 8n5 8. 0fatio @f %n%ﬁ%ﬁﬁ@ri%fsgﬁcﬁigél Nre&thng the

best result produced a 40% reduction in resistance .12 ohns/cm
Exanpl e 27ovGtppers optmwtelr fi¢mehgmatAldricls{Gualeadti¢, Shpiones 9951% ikhe$nont o

filter_ paper Wha n 54 in Sievi net.hod .of Le.2., The, Cu
powders | aordeid BB b e M IS el top it S0t Ao anpl o
26, at a pyessshereafet 6n 9 sMpA ub@ér the 3Rra86810 MR NThetHiSNWa O Picedd digo fer 200ns
at 20% power, 20kHz, 1:1 gain on the Branson 900M power supply. This

produced e aled-% MRaisiae a 2p esndryanem wised rRgia) ehise din befereppplisdRn 2606 WO
03/ 024173 JS02/ ayer.s |, tin.. hen
copper PSRl IR IO Pyfief d SR PO R0 e 04 B Bl o)

consi sti nglapfer an b Erafisdhi WO 2000 watigoceppgiply.FeeRaqt leviglted. in Ahgetéupatteander
was obtained from Sigma-Aldrich (Cu, dendritic, 3 mcron, 99.7%: The Sri 5
powdet0 wallidBessi oA GEPIOKBRARIYCE omigvens| Big sraduceds eiaghBavinga msstigy 069, 994 |

The | . ' | f 9. 9%
ws proos s B T ELRE 1Py kB MR8 s NI BB g g1 T
portion ofingdneaitliestsheponeainpr fraatBMToatpany St RAANIY efder . tralbe hom

operated at 20 kHz, for | . second, usi,g a_0.6 gain horn adapter on a
Branson 9&Nm2henSeRith Mrsietansups appli &%ﬁeﬁﬁetﬁgléﬁﬂeﬁé%dp‘??l%@ HELTEMOBEEL er n 10

t hi cknessn&lfeoogmwl%éamﬁéﬁd %Sthgisﬁﬁs‘ﬁ‘aﬁa lrﬁb hmg%qg%g sBrafibd Githt Ak @

. Lo a
resistivity 0.008 o cmw th excel [ ent adhesion. Adhesion resistance
was t est edbingsimoderh@fercarmhd the hrger waiainadesthsredttafje abstidtabl e fr om 3M Conpany,
St. Paul M ungaﬁlrlpltesh grega:r@u'aegei\with shorter sonication times had larger resistances: (200ms, 0.2

ohm/cm), (375ms, 0.07 ohms/cm), (S00ms, 0.07 ohms/cm), (750ms, 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 presséd metal trace, determined by
measuring the resistance using voltmeter probes on both sides of the via. Both the metal

powder in the via and the substrate compressed.

Example 30
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

19



designati on Scotch Magi c Tape was applied to the netal traces and peﬁl ﬁ@
off, renmoving none of the netal adhered to the substrate. The e B MAR e e
was scrapeMOuBOR+1d3fi ngernail 15 using noderate force and t PEWYHWER747@mai ned
adhered to the substrate. Sanples prepared with shorter sonication tines had
| arger resistances: (200nms, 0.2 ohni/cm, (375ms, 0.07 ohns/cm, (500ns,
0.07 olnrs/cm, (750ns, 0.04 ohns/cn). Exanple 29 Via holes of dianeter 0.2
mm wer e pesppisedowaerovidh Thesdcidh 480 baltafarateranes alded aed thedsjuid wap tlzemadmaveter t he

ti i ece.. Ti d.th i nkl ed th trate .
T g t RESHipp el Rty ai SORES beRe” PreediBioai P Lo el B ple™ TR, cSoea 1
a two- St eiroldOHe PEWAEER rirk Thd AFmEONdd FofNGehowidpSehilesel iRag ahd ciReanpl e

2. This produced a circuit on one side with nmetal-containing vias forned
t hr ough t @ goditlst maisé coppise ppweerskes mrixed IWitlpdwdef wasdrrie anaked %#FOY@HW

et 11 1RV N bRl oS B e PSP IR RRe Rins it bt 82257 e

subst r at emndpgh g6dvielhé QtbsaateeThé tlanyeoarapadsalios e do bbrb He ecpssessed et al
trace, determ ned by neasuring the resistance using voltneter probes on
bot h si deBowfthe glrsy far alpyit mpatareeuiing thewHery ﬁOrFOilﬁ%y vite agsnn biK caist r at e
conpr esse

S g A i shs CEE: SRR ¢ iy b g3 Pntes RREER REUERE ESBEARIEDS ¢ oo
The fl askcomingoraseidl danth. Thakanples wepdplesicdlag detotibicl €orl e \WstGB8/p0ia4173 0 9
MAR 2006 PCT/ USQ2/ 27870 copper powder with the acid. 400 ml of water was
added'GndEx#HBPIE 2t iaPTERsETe Aovgisamples WersqllonveddpidratBe tanekesss il t er

paper. An ! , . £ i .ogglgtg-t p er to
rinse thecﬁ%?h%ggg%%@g%ﬁlfﬁgﬁ %)o QEUM%FIF% cgl?lrrP F'%Se a%% an lsc%%g(’j{,?l\édm g of
t he noi st cicopipar thoeankpteswwad anesigenas dfiy@cally 6F olvat evertthe Ak emalosg spira). The 5

slurry was knife coated onto a,0.18 nun thick Teslin substrate usj a notch
bar i t h Bt S4e Gl io Ly OOV IE S B s P EPUTTEC d Ly e S0 DASTER | oved
to absor bifidie, LRERSSE WA &bg abLiBd REmSIMIT S PR MO QHEer k&l BesiGRHSH N9 t he

slurry to solidify into a danp but easy to handle coating. Several 6 cm by
6 cm sanpPeycnili-deop MesitingTaph d heibst wad plavdd deer theciraotatfiong saaplesbithdt

Garm. The, SRS PR RS Heser bl ok LhE LUtk Shepeh By 49 Bl ©
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

éo ~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 ohn;m. No breaks were visible in the circuit.
This examples 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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copper powder was blown fromthe substrate using conpressed air. At this
point, the circuit on the sanples had a resistance of typically (GpMM 2008

over the W3 oermkopg spiral path of the circuit. Two 1 m n pdifangbefgshol es
were punched 12 mmapart into a 0.08 nm thick by 89 mn w de tape avail able
from3M St. Paul, M under the trade designation 15 Scotch H -Tenp Msking
Tape. The tape was placed over the circuit of one sanple so that the holes
coi nci ded Wt pid® ends of the circuit. The tape afforded extra strength to
the trace € holes allowed access to the trace for resistance

reasur ement s. EAdes svasgseformed tot measueatthe diffsreinss smihsipgopatied elepagesanem by 6

cmarea. The sampl.e wi.th.the tape |l i ed. was ,placed b en, two 6 cmby 6
om by 1.2 Dmsaearss st agf » sPhPactif Sy TRl Be T B S ka The
resul ting wafptsidiad a resistance of 39 ohns measured through the holes in
the tape. The sanmple was fol ded and sharply creased, Teslin side in. The

resi st dnce i ncréadedrant W6 Ipstrmgmeno(Ipstwaksomeration Gaen Messpesseigdn the Thi s
exanpl es d Stk r i r nd it
ol 0" demort AP st Al NRuPIBROS P £88 "ehe bR BEYESerRiBaR) MRS
of mat eri adt agbteaffiyl.0250inoN'minue: ©L6ehhiminovasiaticoSdird aaapipé: swapony, &[2ar ed
usi ng according to Exanple 9, but this sanple had several _cracks that
created i rfif i st Wepnpceame TR Picresingaedeytdrom ¢ shed of e maksriek Gathed

M crovave STGHES6E Raplisd afa FEAPLE KRS PRIFGREI Buf SRR LIRS RO B8 1he
m crowave jsiaengyf thenascbntdnd coniredsed toeakinitind tirielateos sichppheximartiudd psii(0.97t o

the netal pattern. 20 WO (13/024173 U 9 MAR 2006 .PCT/ USQ2/ 27870 Exanple 32 A
test was péfebiakegin Bedesh sup dhefbickngss of tscnateriyl i Auoplagpa bt meesussd Biather and
conpr essi . o i tard .l M under
conpr essi g{h.ﬁngﬁf&ﬁé ?lﬁlﬁe?éggvﬁé%%gﬁ%gﬁs i&lﬁgdrﬁm ( ndsat %égﬁ%%%?ﬁl?gﬁ ,“];é ¢ nt on,
Mass.) wasisemeptedrt thirespondipg essssares amdithickinessed. Ol INstnarorepditx pomrsisfordehe

sty on YR LSRR 0, COMPESSR the 181 5:0La0u038 hacheshame
prepargd fhoMuRiRGRSati4BE PEGhdrcd 8288int NeRterofe i€ e ARt ArdxdhndSaethlly,
the area will increase and the corresponding psi will decrease at the same pound-force
value. The volume data is the area multiplied by the thickness at a specific pound-force
data point.
_ Three kinds of paper material, a filled porous polymer and a comparative highly
20  dense polymer were tested. The paper samples were Whatman 54 Filter paper (Whatman
Inc, Clifton NJ), Hammermill copy paper (International 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 dimension 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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material was supplied as a sheet or film. Each sanple stack was tHgn Aﬁl ﬁ&ie
between the 10 platens of the Instron and conpressed to an initial HAR KA s s
at approxiwataig41r® psi (0.07 MPa) to begin the test run. PG/UWRLRKETEsSs of
the material is automatically neasured by the Instron, the dianeter was
measured using a pair of calipers and neasurenents were docunented at
correspondi ng pressures and thicknesses. The Instron reports pound-force.
The psi vahoeed arlerge hergrse metheshmensow pefpendigulahte the daedaircef tg@ eppliadom t he

di aneter 15 measyr e{néln%sl eaﬁth pound-force data point. Therefore if the
materi al &xpands Vatefsf? ﬁow LeZPBRC 1| i ncrease and the corresponding
psi will decrease atrighe $aHRvAAY BB f@ma¥igbdPoluliRe/eyls pidsstidta chéh t he
area multiplied by the thickness at a specific pound-force data point.
Three ki nasesstirepaldermomaplzadayolume i ¢4chpresovisus sipory aee degithah fredippaatdhat vé

hi ghly,. 20, dens I [ were ted.. T . sanpl e at man 54

i rer S paght PO AR T seeh B it s 1C BBy o FiadBs Y Lfad MR

(I nter nat ippesahreRRAPBE voMRNORI GOTMPadBltHatsnrfipib e It £01 @edil LB ceedt fask Figure 8

(4 obe-Wis PremumFile Folders, ATAPCO, Baltinore, MD). The filled

por ous polthaeeprepsateaalsiand (Igshmheang a ppoficarshangeds vplyme hithgresuye winke

e ! . .
St 25 pa et SR, B oA R SRR T o L Bret et o
appl i ed ta7(008 i (0 MPa). A paps: mabeile afd Tealirgedacddlin voldihé heardy 4@kamet er)

- (initial dianeter)]/(initial dianmeter)}. The diameter is the dinension of
the safipl Pressutesiof 1p8PRepdI1dIMPaEgdahave. di recti on of the applied pressure.

Th I _ Lt . . . . .
proseare. Tos i AEHGIaRrAE e rbbhORDhdRe hAREhEEe PR ADHRE e
pol ypr opy |demenstowetthe direticdn pareli¢l ¢o tlehdiregeon of theaupplied pressurbeandangmabtifed

pressures useful _in the practice Qf this invention. That is, the co ative
pol ypr opngﬁgn%ﬂ\Tm sbooninesHon ipleesis ghe esion /aﬂ%e?bp@ﬁ%‘%%dh‘&g&g\g}ge

i ncrease i DIEEDSH 8); Pandi r e Sl i ed
pressure, ' ult(‘alht"a%ﬂ:1 Igtgég%ﬁﬁ]?‘lﬁgév %ﬂﬁﬁa%ﬁgfo iag%tjlr e%%l@ﬁﬂex%é@lﬁa‘%@ ég for

nor mal16z e dubghntms] ywenstast (g aestit ¢oatf tisamitial yoees)y dtholigk itndeerakészgdatiyoinune

at each pressure.is shown gs a decjmal .fraction at that . .5 the initial

Vol e 1 OrHERATS LGRS S ol AR O R A SR oac PR
large decreases in compression thickness under applied pressure but little or no increase in
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.



pressure by the volune at 0.07 MPa for that sanple.
that paper materials and Teslin have a significant D&Mh‘b@ﬂﬁ n

fromFigure

8

vol une w t iv@oresuse whil e
remai ns nearly constant up to pressures of

materials and Teslin reduced in volume nearly 40% at
Figure 9 illustrates the relationship between

di mension in the direction parallel
vol une. Normali zed

psi

normal i zed donpreJgksle 4hi ckness (the
to the diregtion of the applied pressure) and nornali zed
conpressi on {t

(117 MPa) and above.

It can readily be seen

t he conparative dense pol ypropylEneusml2usm

17,000 psi

(117 MPa).
1o pressures of 17,000

The

paper

initial conp
volume is 1
al t hough it

h| r-l :n ess | S—t hn t_hj r-I/nnee at alvan nrao SHE-e- rll \1: deﬁel'il)y
r essi BRIEHL ¢ knels ChapgomoRiagsier H%G%BFFpaﬁlm i vgrﬁf‘é‘llr)‘?pl?@ﬁyl g¢ne

substantial |y (csifse\@ntieqd Rrespser 10% of the initial vol ume) ;
decreases great|ly in thickness|it increases in dianeter.

Material s ugef ulyHalnkibe4 pragcti ce <ofot his inyenti ogp,edtow [ aryes decreages in
conpr essi on th| qﬂﬂl&g% ylndeﬁcappl ied pressurg but little or no increasé in
di anet er, | da !pn | i) n\lnra decreases i n-volume—As—F gure (o] i!jl_laj_stTr:teS,
materials, |parEPBEMSARIY paper, thaf change| vol urd$H fari | y2¥ue to a|change
in conpressilon (dopyeegs 20 are indicated py a slope of 1.0. 22 WO
03/024173 0 9 VAR 8, 1|-'L,|l USo27 Q/g:&,/u Tabte[ 4 Na[:ﬁﬁ q@ CiTange, ;jm_Diraret er
Pressure, psi PreéerS(%\(j Wi t h Appl i ed Pregsure at man 54 <5%%0, 000345
Filter Paper Hanune (“mﬁ? 000255 Copy—Paper EL'n Eol-der—<5925.-000241
Card Stock Tesluﬂfﬂﬁvy 60052 ~40% 7,600 52
Teslin ~73% 17,000 117
Polypropylene ~72% 7,600 52
Polypropylene ~119% 17,000 117

A number of embodiments of the invention have been described. Nevertheless, it

will be understood that various modifications may be made without departing from the

scope of the invention. Accordingly, other embodiments are within the scope of the

following claims.
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Teslin-73%7,000117 Pol ypropyl ene-72%, 60052 Pol ypropyl ene-119%17) QA% BIEA
nunber of enbodi nents of the invention have been described. Nevertheless, it
wi || be understood that various md%ons may be nmade without departing
fromthe scope of the invention. A gly, other enbodinents are within
the scope of the following clains. 23 U 9 MAR 2006 CLAIMS 1. A nethod for
maki ng an el ectrically conductive pattern, conprising: (a) depositing on a
substrate (3) a nmetal powder conposition (4) consisting essentially of at

| east onep met aA nahetbfor nvakingsimelediecallyeanductivei patiest, sompdisingom t he gr oup
consi sting of paper, fibrous terjalg, fiber-like materials n- en
materials, and@) depesitiRg Yy 2af ,s"étﬁdk:{)b? ﬁ‘éﬁiimcﬁé Y%p%%s(lﬂf icg\ﬁﬁgléng orm
a conductive tter e ) ; f Jd"Prém \Si NQ
2ol yi n,espnny of o p o melPpbUBL wigreid e SRR B selecftiMeim (BEBLP
conposi t i usis@ng aft paper,!t fibrove nmeriblispdiber:likb emstebialsy ajoa-wavenT material$ oshd f

claim?2, further conprising renoving uncaptured netal power conposition
from t he woven magedals andrhe net hod of claim 1, wherein an densifying step (b)

conprises appl yi if f i essure, to
t he conpositi 0%5 ?g"sifzf'ﬁc‘ﬁﬁg”é‘g‘?\sﬁﬁ@ﬁﬁé’"qﬁa‘{%ﬁ g?&rﬂﬁve .aﬂm&?rr[eh%ﬁg%%@acl aim 2,
wherein the application of a pressure in a pattern and the densification
are perforned in a single steg. 6. The maahod of any one _of clainms 2 to 5,

X

wher ei n the deRwi fnpthod of ciaim( b )comprsingsapplyiagniarig stap (bdos firsd peesgyre in a

ressure, heat 1 crowave ener The nethod of claim
IC2), anreiﬂ?“&ﬁ’p@itglﬁf?'l}ﬂ"s\é?o'}ﬁeca?f{’rng{}'gﬁrgg) sglbgﬁioﬁqgé %é’ts étrch further conpri sles

the application of at |east one of heat, mcrowave energy and acoustic

energy. 8. The nethod of claim1, further conprising renoving oxides from
the metal3. povibher sethpd pE claifndsfirthss. cCOPISHE ﬁgf‘ﬂﬂgso?“cépﬁli"?ﬂ etYHROEE t he

substrate_sel {gﬁ‘xogqu Q{E‘s\)t}ﬁraﬁ&(’“p consisting of paper, fibrous materials,

fiber-1iK&E errals, non-woven naterials, and woven material s

4, The method of claim 1, wherein an densifying step (b) comprises applying a second

pressure, different from the first pressure, to the composition to form the conductive

pattern.

5. The method of claim 2, wherein the application of a pressure in a pattern and the

densification are performed in a single step.

6. The method of any one of claims 2 to 5, wherein the densifying step (b) comprises

applying at least one of pressure, heat, microwave energy and acoustic energy.

7. The method of claim 2, wherein application of the first pressure in a pattern further

comprises the application of at least one of heat, microwave energy and acoustic energy.

8. The method of claim 1, further comprising removing oxides from the metal

powders in the composition.

9. The method of claim 1, wherein the substrate  selected from the group consisting
of paper, fibrous materials, fiber-like materials, non-woven materials, and woven materials

is at least 20% compressible.
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is at |least 20% conpressible. 24 0 9 MAR 2006 10, The nethod of claim!]
wherein the netal powder conposition consists essentially of at b%{?tzgggne
net al powder selected fromthe group consisting of copper, tin, 9ead,
silver, gold, platinum graphite, alum num nickel, iron, steel and zinc
and al |l oys, an C i i , ; & gy ei n
t he coppe@‘co(rjr'gﬁ g‘g@ogzénflcf?@?q ?:R?E)cg%érlhén{f&al p%%cﬁng{)lﬂggsng?ngbg%lﬁn%ﬁfenmg ein
the met al oRQWSIRT ofid e powdepsdlaral from. thd grouprensistiing of odpmeraiing leadysiiver, n
the metal powder conposition further conprises a |iquid. 14. The nethod of
claim 4, goldr @latinume geapbiie, mlwsiurs pigkelppird siegliatnd, #iac ¢ apd @eltqyal Bpd ed
and unnetal |i,zed ortions of the substrate. 15. The nethod of claim1,
wherein t%@brmtmﬂla?‘gc onducted at a tenperature less than the annealing
tenperature of a netal powder in the netal powder conposition. 16. The

met hod of claim1, wherein the nmethod is conducted at a tenperature |ess
than 50Q1C. IThe methodwef blaimd0, whedein the copper comprises dendplic £0pPes- i n t he
densifying step (b) is 50 to 300 C. 18. The nethod of claim11, wherein the
met hod i s conducted at a pressures of 20 MPa to 2000 MPa. 19. The nethod of

claim1, jsherefmp J{a&ﬁo&%?eianaQW%ex;emesﬁam@wdu funttiat ch@phitesa® via (7) in

t he substrate and wherein the netal powder bridges the via and provides a
conductive path across the via after step (a). 20. An article conprising

circuit elements conprisi a, cqonducti ve ttern on a .substrate (3).
wher ei n tlle colwuBethed %ﬁagg'rh“@ﬁﬁé? %mﬁégg?l‘f'f’%{l qampRsitgn furthey CB*@}'“S a
densi fi eqi tal powder (4), and wherein the substrate is selected fromthe

group consh st ng of paper, fibrous materials, fiber-like materials,
non-woven materials, and woven materials. 25 0 9 MAR 2006 21. The article of

claim 20, wherein the copductiye pattern has g Figure.of rit (FOM,

cal cul at 44 accﬁ‘dﬂ?&‘%°€ﬁ§'@q&ﬁ5ﬁ‘mﬁﬁﬁvﬁ@°§% H{E%HW i ag °‘L ﬁéﬁ’ Yo ghe ot

| east S(V?n%é”zw%k%&%nga pbhRin§of the subfafd.n the conductive pattern has a
rt ,

Figure o

1S.  The method of claim 1, wherein the mclhoq is conducted at a temperature less than

the annealing temperature of a metal powder in the metal powder composition.

16.  The method of claim 1, wherein the method is conducted at a temperature less than
50° C.

17.  The method of claim 6, wherein the temperature in the densifying step (b) is 50 to
300° C.

18.  The method of claim 1, wherein the method is conducted at a pressures of 20 MPa
to 2000 MPa.

19.  The method of claiml, wherein the metal powder composition fills at least one via
(7) in the substrate and wherein the metal powder bridges the via and provides a conductive

path across the via after step (a).

20. An article comprising circuit elements comprising a conductive pattern on a
substrate (3), wherein the conductive pattern consists essentially of at least one densified
metal powder (4), and wherein the substrate is selecied from the group consisting of paper,

fibrous materials, fiber-like materials, non-woven materials, and woven matenals.
25



cal cul ated according to the equation %OM = (Rts,n;c,i/R MaRd) x 100 % of
at least 10% 23. The article of claim20 wherein the netal pomdﬁrcﬂ‘@ 2006
sel ected fromthe group consisting of copper, tin, lead, silver, 8 ,

pl ati num graphite, alum num nickel, iron, steel, zinc and alloys and
conbi nati ons thereof. 24. The article of claim23, wherein the copper
conprises dendritic copper. 25. The article of claim24, wherein the

densi f i exl. Mealrticlewfelaimu20, ehereionpeiconduativa pattern hasaa Higure pE Meritc(FOMY 20,

wherein the substrate selected.fr e gfoup cagnsistin f r, fibrous
mat er i alcalculatedpcqording ithegagption %&“ﬁir@o—v&mﬁm@ 3960 B8R ks 0
at | east 20% conpressible. 27. The article of claim 20, wherein the
materials that are at | east 10% conpressible are selected fromthe group
consi st 130 Tk aHicle A lams20]BdIssreinl the conduaive ipatternetiasad Eigareof Maritn(FOM),
materials. 28. The article of claim20, further cqonprising a conductive via
(7) t hr calpulated: accosding 40 he zquatiaie ZHOMcT dRogores 4 0) %yt &, efoptplepsti ng a
pr ot eCtil\fﬁbl ayer on the conductive pattern. 26

23. The article of claim 20 wherein the metal powder is selected from the group consisting
of copper, tin, lead, silver, gold, platinum, graphite, aluminum, nickel, iron, steel, zinc and

alloys and combinations thereof.
24. The anticle of claim 23, wherein the copper comprises dendritic copper.
25. The article of claim 24, wherein the densified metal powder further comprises tin,

26. The article of claim 20, wherein the substrate  selected from the group consisting of

paper, fibrous materials, fiber-like materials, non-woven materials, and woven materials is

at least 20% compressible.

27. The article of claim 20, wherein the materials that are at least 10% compressible are

selected from the group consisting of microporous materials, nonwoven materials and

woven materials.
28. The article of claim 20, further comprising a conductive via (7) through the substrate.

29. The article of claim 20, further comprising a protective layer on the conductive pattern.
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