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Usi ng Conductive | nks Background of the Invention The present invention

rel ates twowuwsdtods of manufacture of flexible circuits usedr/use/ 07897
construction of radio frequency (RF) antennae. Radi o frequency antennae are
typically made in a conductive coil pattern. The conductive coil pattern
allows the antenna to receive and radi ate energies in the radio frequency
range. Typically, the antenna is optimzed to transmt and receive energy
in arelatively narrow portion of the radio frequency range. Radio
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detector unit. Such inventory control units, including the radio frequency
antennae, can be made quite |nexpen5|vely. One way of formng a radio
frequency antenna is to st aBpckground ghthe EMO: 0j | out of a sheet of
metal . The do [ f. t al
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The integrated circuit receives energy from a detector unit, modulates the energy with an

identification pattern stored in the integrated circuit, and then retransmits the modulated
energy to the detector unit. Such inventory control units, including the radio frequency
antennae, can be made quite inexpensively.

One way of forming a radio frequency antenna is to stamp out a conductive coil
out of a sheet of metal. The downside of this method is that the production of the metal
coil results in a large amount of scrap metal. Additionally, the radio frequency antennae
produced by stamping from a sheet of metal may be stiffer than desired.

Another way of forming the radio frequency antenna is to use strip-back
techniques common in printed circuit (PC) board fabrication. In PC board fabrication,
a layer of the conductive material is formed on top of a substrate, and the areas not used
for the antenna are stripped away. This method tends to be wasteful when used to
produce the radio frequency antenna, because the radio frequency coil antenna tends to
be about 10% of the surface area of the substrate. This compares to coverage areas of 70
— 80% common with typical PC board implementations.

Another way of forming a radio frequency antenna is to use conductive inks.

Typically, the conductive ink is printed in a RF antenna coil pattern on top of the



substrate. The conductive ink is then cured. The printed antennae nmay be
used as is or electrodes are attached to the conductive ink pattern and a
nmetal | ayweo oi/e97¢t ectroplated on top of the conductive i nkCpaseense7 Fi gure
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Summary of the Present Invention

The present invention is a method and apparatus of forming a flexible circuit for
use as a radio frequency antenna which uses a temporary electrical-short layer. In one
embodiment of the present invention, a seed layer, such as a conductive ink layer, is
formed in the coil antenna pattern on a substrate. An electrical-short layer pattern of a
conductive material is placed over the coils, such that the coil is electrically shunted
together. An insulating layer is formed over top of the electrical-short layer. Next,
electroplating occurs, so that the electroplated material forms over top of the conductive
ink seed material. There is no plating on the electrical short layer when protected by the
insulating layer. After plating, the electrical-short layer and the insulating layer are then
removed.

The use of the electrical-short layer has the advantage that it allows the resistance
between the electrode and the other locations on the conductive ink layer to be reduced.

The electrical-short layer effectively results in a more uniform electroplating on all the



2 WO 01/ 69717 PCT/US01/ 07897 points on the radio frequency coil pattern.
This avoids the problemthat occurred in the prior art of requiring a
rel ati velwooheawk? conductive ink layer. In the nethod of theT/psaxgsd7
invention, an effectively uniform conductive electroplate |ayer can be
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with the netal foil. The conductive ink has the advantage that it can

easi |y gdayentwherdie thocerduchve dayms tshdnnep ihpcthicgameming portiguetARAheoi | and

the circui | enen on the subst . i . £ or.m; ection
bet ween eF\t}?Bglg?eg'ggf %? PSR & Bllgjttl(?na Ogﬁp%g? {ﬁg{hro a %{lifo% g&%e%%@%%tugﬁ a i nclude

punchi ng aheh@s THYMREEEd conpiizBs pedvidifg BeltitrateayiRr; foniAg 6ANGUAbIMDIdE! al
| ayer on the other side of the substrate. The punch woul d hopefully force
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has t he downsi de of i i,ng unreliabl.e and pr.one. to ilure ing the
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conduct i \Rd kikcit@yiedlerRéhtd Bi€ tHtsiBstradd. ®ior ways of forming a connection between
two sides of the substrate for the radio frequency antenna include punching holes through
a conductive metal layer to a conductive metal layer on the other side of the substrate.
The punch would hopefully force some metal on the one layer to contact the metal on the
other layer. This has the downside of it being unreliable and prone to failure during the
operation of the radio frequency antenna.

Another embodiment of the present invention is a method for forming an RF
antenna comprising providing a substrate layer, forming at least one hole in the substrate
layer, and putting conductive ink within the at least one hole to form an electrically
conductive connection between a conductive ink layer on one side of the substrate 1n at
least part of an antenna coil pattern and a second conductive ink layer on the other side
of the substrate. The two conductive ink layers can be formed before the hole-forming
step, or forming one of the conductive ink layers can cause conductive ink to connect
between the two sides of the substrate. In a preferred embodiment, no metal shunt is .

required but conductive ink formed in the hole can later be plated so that the two-sided



of the substrate. The two conductive ink |layers can be forned before the
hol e-form ng step, or formng one of the conductive ink |ayers can cause
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el ectrical -short |ayer placed on ti?mﬁ of the |oops of the conductive ink

coi | pat tieprevadedoridusationsi semetofdiie inkdo pricksdawn theisdes insp the ImlgwithauuA- 4E are
cross-sectional] diagra illustrati t.he.construction of the radio
f r equency Wit ﬁémé%ccé’?‘q@‘il%’é’et' { ﬁbg pg%ﬁgml%lh{he@f#ef he present invention.

Figure 5 illustrates a detail of one enbodi nent of a radio frequency
antenna constructed by the nethod of one enbodi nent of the present
i nventi on. Brief Description of the Drawings

Figure 1 is a diagram of a prior art radio frequency antenna.

Figure 2 is a diagram illustrating the construction of the radio frequency antenna
of the present invention using an electrical-short layer.

Figure 3 is a detail of a top view of the electrical-short layer placed on top of the
loops of the conductive ink coil pattern of one embodiment of the present invention.

Figures 4A-4E are cross-sectional diagrams illustrating the construction of the
radio frequency antenna according to one embodiment of the present invention.

Figure 5 illustrates a detail of one embodiment of a radio frequency antenna
constructed by the method of one embodiment of the present invention.

Figure 6 is a flow chart illustrating one method of the present invention.

Figures 7A-7C are diagrams illustrating the construction of a radio frequency
antenna according to another embodiment of the present invention.

Figures 8 A-8D are cross-sectional diagrams illustrating the construction of one
embodiment of the radio frequency antenna according to Figures 7A-7C.

Figures 9A-9C illustrate details of a cross-sectional view for the method of one

embodiment of the present invention.



Figure 6 is a flowchart illustrating one nethod of the present invention.
Figures 7A-7C are diagrans illustrating the construction of a radio
frequencywoans®wmna accordi ng to anot her enbodi nent of thePQT/@S@Nt7897

i nvention. Figures 8A-8D are cross-sectional diagrans illustrating the
construction qf one e | ment of the_radio frequency antenna according to
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Descri pt isabstafe.t he Preferred Enbodi nent Figure 2 is a top view of a radio
frequency antenna 40 beingchnstructed by the. nethod of one, enbodi nent of
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conduct i ' - in a coil on the substrate 44. An
electricgﬁﬁbgﬁggﬁbrg% géﬁgﬁﬁgaﬁgphed over top of the conductive ink coi
pattern, and preferably a non- conductive plating resist is formed over the
short. The electrical -short |ayer 46 ensures that points 48, 50 and 52 on
t he conductive ink pattern 42 wll have relatively simlar voltages during

the el ectroplating 1 I t he conductive ink
pattern 42 will be g—eg‘%‘&%s[) stipfoll5f eﬂ rréd bcHiﬁm%lttus of the present
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short layer 46 is formed over top of the conductive ink coil pattern, and preferably a non-
conductive plating resist is formed over the short. The electrical-short layer 46 ensures
that points 48, 50 and 52 on the conductive ink pattern 42 will have relatively similar
voltages during the electroplating process. This means all locations on the conductive
ink pattern 42 will be electroplated evenly. Thus the apparatus of the present invention
allows for a conductive electroplate layer of sufficient thickness on all points of the radio
frequency antenna.

The use of the electrical-short layer 46 allows for the use of a thinner and/or
narrower conductive ink layer 42. The resistance of the conductive ink layer during the
electroplate process is not as important of a factor because the electrical-short layer is
used.

Typically it is desired to minimize the resistance of the radio frequency antenna.
A desirable property of radio frequency antennae is to have a relatively high Q factor:
The Q factor for an antenna is defined.as the imaginary over the real part of the
impedance. The imaginary part of the impedance is typically a function of the desired
operating frequency and geometry and is typically fixed. Thus, to produce a high Q
factor antenna, the resistance of the antenna should be kept as small as possible. This

means that it is desired to have a relatively thick conductive metal layer forming the coils



el ectropl ate process is not as inportant of a factor because the

el ectrical-short layer is wused. Typically it is desired to mnimze the
resi st anaeoof/ed7e radi o frequency antenna. A desirabl e ppopesty7ed7 radi o
frequency antennae is to have a relatively hi gh Q factor. The Q factor for
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to produce a high Q factor antenna, the resistance of the antenna shoul d
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Fi gures 4A-4E are cross ctipnal
one enb&ﬁ?‘lif’é;ﬂt"eos?e‘{ ﬁ@'eF 3@ ngrB%fhé’Hc P t@ﬁnsé‘ Srate %@ ﬁb&&anﬁ{{Fénu on. In
Fi gure 48mbBdinfhl %’&édb‘é@até eed 4 ﬁéfﬁme%gbgt&té QhiTRAngRs &feﬁboﬁf,m{c alRstrate
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The conductjve ink | ayer coul d be the type such as EnTouchTM EN- 079
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on top of the electrical-short layer 54. The insulating ink layer could be of the type such
as EnTouch™ EN-080 from Engelhard Corporation Iselin NJ The conductive ink layer
50 can be printed upon the flexible substrate, as is known in the prior art. In one
embodiment, the electrical-short layer 54, and the insulating layer, 56 are differentially
removable (for example soluble in a solvent that the initial seed layer is impervious to)
from the conductive ink material. Figure 4C illustrates the results of the electroplating,
in which a conductive material 58 is formed over top of the conductive ink layer 50. The
insulating layer 50 preferably prevents an electroplate layer from forming on the
electrical-short layer. The conductive layer 58 is preferably an inexpensive metal
material. In one embodiment of the present invention, the conductive layer 58 is made
of copper. In Figure 4D, the electrical-short layer 54 and the insulating layer 56 are
stripped away. The stripping can be done using a solvent, ashing, reactive gas or any
other method.

In an alternate embodiment of the present invention, the electrical-short layer 54

is constructed of metallic foil, which could be attached to the RF antenna and then
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enbodi me :ﬁhegﬁéngg gt?tg ea? ?é&h édré\é g [Pés'uR Bf thN?ﬁoq? Eﬁ@crtwé;gl%&tf)og)flatltn%%f {h%g):r%entf requency

ant enna fare renmoved

el ect r odenyatibh.on 72 conS|sts of the conductlve ink layer by itself. As
long as the renoved short ion 72 remains relatively thin, the total

i ncreased resifigunéds 8o éhlarbgluStfqﬁilélg capevbeligrat el thepiesmt Tveplion. Wot be t oo

high. 1n Sft C§O atﬂ'é?]tbie sﬁlg%thaﬁ oR! pdidiae {smykezéé @& Qntelﬁ.\'[aﬁ)%lf'tglqlc eI s

reduced a resu ree fec e present

inventi omhe ﬁib@uﬁte with the dorduei vl tn Steplsstt thatdofiguative nﬁ{TiiQthdﬂEIIﬁ Sedp t he
present invention. In Step 80, a flexible substrate is provided. In Step

82, a coi®p, aht:lé@fﬁaalrﬁé\pttémr issforraedheier @rportioneotshe seil natéerini fiha preérESnduct i ve
ink. In % %Bdﬁnent he elgc?rchalllgﬁc&ry FaycL,rrﬁs férﬁlecd%rf%ﬁ‘feréﬂlaﬁg/?Qmovable conductive

ink. In Step 88, an insulating layer is formed over the electrical-short layer. In Step 90,
the electroplating is done to form a conductive electroplate layer on the conductive ink
layer. In Step 92, the electrical-short layer and insulating layer are removed. This is
preferably using a solvent that removes the electrical-short layer and insulating layer, yet
does not affect the cured conductive ink layer. Step 94 is an optional second
electroplating step.

Figures 7A-7C illustrate another embodiment of the present invention. In Figure
7A, a flexible substrate 100 is provided. Holes 102 and 104 are punched into the flexible
substrate material 100. Looking at Figure 7B, a conductive foil 106 is attached over
holes 102 and 104. Figures 7A and 7B are shown with side 100a of the flexible substrate
100 shown on top. In Figure 7C, the flexible substrate 100 is flipped to the other side
100b. In this side, the conductive ink layer 110 forms a coil pattern. The shunt 106 on
side 100a of the flexible substrate 100 allows that the pads 112 and 114 can be adjacent
to one another for easy connection to the integrated circuit (IC) (Not shown). By using

the metal foil shunt 106, the loops of the coil pattern on the radio frequency antenna need



86, an electrical-short layer is fornmed over a portion of the coil pattern.
In a preferred enbodinent, the electrical-short layer is fornmed of
di f f erentwa@bi/g7ienovabl e conductive ink. In Step 88, an Popuka@ti7eey | ayer
is formed over the electrical-short Iayer In Step 90, the electroplating
is done to forma c $ﬂduct|ve Iect e Iager OT the cond ctlve i nk

1 gt

| ayer. | Roipehpsioned pweprpads il L2 pn H& qxa% ngsieRcrh e ARAEP are
renmoved. a{&i ﬁ]oaéctfcgﬁﬁé@&&giwtlm N ot @bmetcoﬁmwé RIRY%A

. gpa&
el ectric er and 1 nsu atlng ayer, yet does n affect the cured
conductive |nﬁhbamedmnﬁkemgﬁmurmlanﬂyﬁhhmﬁaﬁdseﬂan@b/ahdthobphaﬁhng step
Figures 7A-7C il lustrate another enbodiment of t i nvent

Fi gure Ppannegt lﬁ“@%“ﬂh%"%‘lﬁiﬁ%tﬂ‘feépémll@é ap‘éﬂ‘ﬁrt?ﬂlfle"eapt%ﬂ(%regi’ o1 fbstaaig L9 Q)4 ar e

punched into the flexible substrate material 100. Looking at Figure 7B, a
conductive foil 106 is attached over holes 102 and 104. Figures 7A and 7B
are shown w t Figireke 8ARI agd ctoheséchemilbdlews ulﬂmtnaanga thel Béhserhetwm ofitHeop. | n
Figure 7C, the flexible substrate 100 is ipped to the other side 100b.

In this Sy FigvesddndtcFigve $4Kluskgtes thff@"i‘bé‘? fHOsate J0P- BukigriesB: fhe shunt
106 on %bfeeb(%)ﬁgf oPhed B tife ﬁ&%%uﬁaﬁ%é 'i@% ?h}%g%/u% k@Whhe! QialiudtiR ﬁgds 112

and 114 can ent to one another conhection to t

i nt egr at etht&idl A@btis (clo@leo(té‘d)to ﬂi&osmbétrateB)lOGSiInganet aebadimant, facddndsdiivet 106,
the | oops of the coil pattern on the radio frequency antenna need 7 WO

01/ 69717 aﬁ@ﬂV@é@&FWB@?SCd fohold ghegnetak ford magerisb { Yetorthe sitpstrate 30 iigure4.  Next
an el ect %@g oqug\ﬁﬁﬁ% gﬁ@%&%e ﬂﬁ&gat%ﬂm fi %é{'i}lg@%&%ﬁ%é H&Eg bs fa%%ﬂct' ve

| ayer on e con 've col he con Ive ink

mat eri al e&aa&iday cotawsyikin tedBuritel 0st | Ml eaeaﬁedlly dvatesiviesakl nateriat essilgct
bet ween t he conductive shunt 106 and the top side of the flexible substrate

100. Fi dlgwedntg thedpleat@. dNeSe that e upeefa shuntemay makesen-alatgdgnk preRM§st r uct i on
of the s ats%'ig Fl'gg)‘ﬁr ec?m%&{n%g&togneq}éé or mgﬁﬂt%ﬁkﬁrﬂlﬁ re&'s’t%TJe o?)f%é)%nefe ybstrate

100. In gure € Su rate 100. In

Fi gure 8&; bé RAucdReiet taremile it featiBle@d usd a AOG piasedcdnieaivednt Riyéherhgubst rat e
100. In one enbodi nent, a conductive adhesive 108 can be used to hold the

et al fmshumﬁtseradlaws foghe gondyetivq aniennacell patiernitp §a fermedRnibothssidesrpfni t h t he
conduct i

el ectric g’ ATAE aeyrer,?alilo%vhneg ﬁuﬁ@c d)%r dt hzﬁelgnglt Ell %%2 ybooé1 gﬁe ut@ﬂze i nk
mat eri al s@@afd hole is used. One example of this embodiment is a system with an internal
capacitor in the substrate layer forming a return path.
An example of the conductive ink printing which does not require a metal
conductive shunt on one side of the substrate is shown with respect to Figures 9-12.
Figure 9A shows the substrate 130 with a first conductive ink layer 132 on a first side and
a second conductive ink layer 134 on the second layer. Figure 10A shows a top view of
the first conductive ink layer 132 and the substrate 130. Looking at Figure 9B, in this
example a hole 136 is formed through the substrate and the first and second conductive
ink layers. This hole 136 is shown in the cross-sectional view of Figure 9B and the top
view of Figure 10B. Figure 9C shows the conductive ink placed within the hole 136
electrically conducting between the top conductive ink layer 132 and the bottom
conductive ink layer 134. This conductive ink layer wicks around the side of the hole
136. In one embodiment, no backing is used, and a pad containing conductive ink is
placed over the top of one side of the hole. The ink then wicks between the top ‘and the

bottom portions of the substrate, interconnecting the top and bottom conductive pads.



flows into the hole 102. Note that the use of a shunt may meke non-pl ated
i nk antennae feasible. In one enbodinent, the use of the shunt allows the
resi st anoeoof/e47e antenna to be reduced whi ch can nake iPpCT/@ssidB® t o use
a non-pl ated conductive ink |layer. The shunt also allows for the
conductive antenna coil, pattern to be fornmed on both sides o

f ot
subst r at & PRy EMDbOGINE thig impertantitp kg the %i%ﬁjoﬁfé‘t%" A 1t pap @Fﬂé"’ gqefbodi nent ,
only a @e@gg Sifhel fe 'haleﬁ%@%h%%%% eoﬁmcﬁ{u ﬁaéH?l‘?Qé HERLibdSapdvey st em
nt e S S (0]

with an nal~  capacitor 1 n the trate layer rmng a return path.
An exanpl e of Figigescdh hdlilltisirate therkugrionihieregn thieiigkhis piresd withinrtkehole eftar et al
conductive shunt on one side of the substrate is shown with resgect to

Fi gur es dheitop angheftana cauustivsiayer pa thesybstraig are famegh dingues 1 i ent bHuct i ve

i nk | ayer:. fi LSt Sl 1] i r..k34 on the
second | dyEstetPblhliayindth AL ATRRLRRRNLHL WRphle bR Roal ! 0

| ayer 132f aled fdrhgng obshé af ehelShduttbekiangs ah tbp @irtke Shstrate. t Nipssibanpl e a
hole 136 is fornmed through the substrate and the first and second
conduct i wiésadyaragedy drat themendudgiye ank gm; thisdiesigh plaged pa tonr ofthe sedhstenal vi ew

conduct | YA ERR Hrek B atetRlsEh TR sl B S Hop Pt SORBVRY 1ot ween

the top QWMJ@,tthuﬁﬁﬂeﬂ&thgyﬂé effddivapritihf etepOFigune 1 CAMdsCaicy @ desikn fayer 134.
Thi s conductive ink |ayer w cks around the side of the hole 136. In one

enbodi neRfintige patRR Af thes conslaefivedniglayerpac bt aoned ¢ pisHioeslyvemedk i s
| aced o t,he f_o | ne. . i i tween the
'Ito op and ;ﬁﬁig 14@'0%’# g’?ﬁs %lgcr?’t ?%r? Z&egs Crg %nelg %ﬁg%tq#agtaer:ggﬁ)ﬁttgér&g tg%%@%t I %gaef e top and

bot t om cehdtifdabtve ppadS. of tBe WEleOtEi0A 1UD. ACTHIISRAMPISBHE debign diae acifhadi nent ,

it is inmportant to keep the hole 136 open so that it can allow for plating
wi t hi n t denteiard 44 gt v withia theghiam ieg pf the boleddB+sovbatpgmernlgwill fewdetecr i bed
above. Figures 9-10 il lustrate the situatjon wherein hnk s -placed

o ohin o MR b e, WETAE BOS ol BBl 1S IR ImIREESLE LBASLIRERIe RSic v at e

are fornggsigii 4 h@Sanldutér diifletdrl 48,whidH ik @fdater tiRS thd@ambiet'dtthORole N4@hi ch t he
formng of the conductive ink within the hole is part of the form ng of

one of t ANetcdadthereicoeldbgpsitaation in pipichithe few of Bstiplaissuchthgbibs disneeter
9, Seenagealoh e B FROAMHT Al L B A A, 20oe
t he backijfotodcréampié® nto fihd hole, the amount of ink provided into the hole can be
reduced, thus reducing some of the potential problems with the pooling of the conductive
ink. Figure 11B illustrates the situation in which a conductive ink layer 150 is formed
on one side of the substrate 152. A hole 154 is formed within the substrate 152, and
thereafter another conductive ink layer 156 is used. This conductive ink layer is arranged

to flow into the sides of the hole 154 and can contact the other conductive ink layer 150.

Figures 12A and 12B illustrate the use of a backing element 160 in the screen
printing of the substrate 162. The backing 160 has a cavity 164. This cavity 164 allows
ink 166 to pool at the bottom of the cavity 164. Because of the cavity 164, the pooled ink
will not contact the substrate 162 or another substrate that uses the same backing. If the
backing did not have a cavity 164, the ink could tend to pool at the bottom of the holes
and thus smear onto the present substrate or an additional substrate. The substrate 162
in Figure 12B illustrates the forming of a conductive layer 168.

In an alternative embodiment, the conductive method of the present invention



the hole, thus preventing the effective plating step. Figure 11 A
illustrates a design for printing a portion of the conductive ink |ayer on
a substraveonswund a previously-formed hole 146. |In thi SPCRES)I/A7TRE out er
screen printing has a region that does not provide ink to at |east a
portion of the hole region 140. In this exanple the design has a inner

di anet er ﬂ?@@”’??f’ége F@pﬁfi% hin the diameter of the hole 140, so that some ink
will flowintq th S i nner
regi on 146 of the ﬁ%élbggﬁnﬁg%%ﬁgéygﬁgqggéagsstggﬁ Fgg‘foge}}&e( gamﬁekta&el;%%h%aev\hl chis
gr eat er tchatmuone odsepmentad. of the hole 140. Note that there could be a
situation in ich the flowof the ink is sucr that the dianmeter 144 could
be greater than t hPFOSHBE @ segnentebplabneresiseayer. gy using t he regl on 146,
which is not sscre |ded into
t he hol e can be rg%lbt?gglhﬂét%%t?}slﬁgcgg%g%gg%egﬁ%éhgﬁaﬂﬁpyéggtlgmrlc% pro Iems W th
t he pool ishgrt tdyet theoughribkistgmentediphkingfegstr e 11B il lustrates the situation in
whi ch a conductive i nk I er ﬁSO is formed on one side of the substrate
152. A hole 1%4 .sP#%}r%é Wetd #¥Tt he substrate 152, and thereafter another
conductive ink layer 156 is used. This conductive ink |layer is arranged to
flow into the sides of the hole 154 and can contact the other conductive

i nk | ayer 150.In hqghur@Berh2#esntbodidient, lthaméthad ef thdpresehe invEntionlvamiprieg el enent
160 in the screen printing of the substrate 162. The backing 160 has a
cavity 1éestamsiof cavity 164 allows ink 166 to pool at the bottom of the
cavity 164. Bgcaus A I Il not contact the
substrate 162qor ag)om%néb gﬁsitﬁ &;@ﬁelptt t@gscgﬂe émckl ng. If the

backi ng did nat ha\mpasmﬁg/a tandlbdve staételaye"rk)naw‘w’ sidedf the spslateatTHehe bott om
of the hol es and th snear _onto the present substrate or an additional
subst r at 91 Pﬁtéﬁ@u%‘é"cnlf@@dl%ﬁuo‘i"r‘lanﬁogtlﬂVedQ‘QlBthel deswallg @fdhe Mas-f or mi ng of a

conductive | ayer 1 d met hod
of the pr esen%é [ nv?erpl %)lﬁng% %h@{i%ﬁﬁ 1%@%%&/?78%@3909% S;ﬁ?)éﬂeéégt he steps
of . 1. Demkiigdongacawithalid sdedyser thfoughehsvibstrate. The short | ayer can be
either continuous or segnented. 2. Depositing a segnented plating resister
| ayer. 3. Depdsiti mgpasitBgalating V’él%eﬁfdo Mgk thessher lﬂmpntthfe‘ﬁee@r: | ayer

contacts the 5 Plating the seed layer.

The above description is meant to be exemplary only. Additional ways of
implementing the invention are done within the scope of the present invention, which is

to be limited only by the appended claims.
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short layer through the segnented plating resist. 4. Plating the seed

| ayer. In another alternative enbodi nent, the nethod of the present

i nventi owa@onmm7ises the steps of. 1. Drilling vias in theCoub&tarsd7e i n t he
path of the coil turns. 2. Depositing a conductive seed | ayer on the "A"
side of the substrate. The <coil pattern is configured to allowink to flow
down the side walls of the vias. 3. Depositing a conductive short |ayer on
the "B" side of the substrate, makiqpgmeontact with the seed | ayer through
the vias. 4. Depositing plating restst Ink to mask the short |ayer on the
"B" side.WeblairRl ati ng the seed | ayer. The above description is neant to be
exenpl ary only. Additional ways of inplenenting the invention are done

wi thin the scope of the present invention, which is to be |limted only by

t he appeqd ghgag§ﬁnéébvggﬁﬁé§@3&jc &%ﬂ t/07897 Claims We claim 1. A

met hod of ornlng an antenna provi ding a substrate | ayer;
form ng a seegrddgiap acnbdteye et he substrate in an antenna coil pattern;
form ng an electrical -short |ayer across the coil pattern, using the

el ectri cal - shcf?tmmaﬁé?eqlémoaéw eﬁtha%bsga@dﬁ&ueﬂt%a failpattesier at | east
part of the agéﬁ%gangg&nmgla;}toglg*eha&gssr@gggﬂggn%e el ectrical -short |ayer.
0

2. The net hod arm erein e seed l'ayer conprises a conductive ink
| ayer. 3. Thasimgtiodewficalkshortiaderwb eleetropldtb e coatudtivd layer ovekat lleaaytararti S cur ed.
4. The nmethod of Claim 1 wherein a non-conductive |ayer is formed over top
of the ofdhaantenpcehpriternadpdr before the el ectroplating step. 5. The

nmet hod of CIa%&h&wﬂ@ﬁﬁﬁﬂ&xﬁ&ﬁsﬁﬁgﬁﬁéﬁg step conprises using a solvent to

2. The method of Claim 1 wherein the seed layer comprises a conductive ink layer.
3. The method of Claim 2 wherein the conductive ink layer is cured.

4. The method of Claim 1 wherein a non-conductive layer is formed over top of the

electrical-short layer before the electroplating step.

5. The method of Claim 1 wherein the removing step comprises using a solvent to

remove the electrical-short layer.

6. The method of Claim 1 wherein the electrical-short layer is differentially removable

from the seed layer.

7. The method of Claim 1 wherein the electrical-short layer comprises a line across one

section of the coil pattern.

8. The method of claim 1 further comprising forming at least one hole in the substrate

layer.

9. The method of claim 8 further comprising on a first side of the substrate layer,

11
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he el ectrical-short layer. 6. The nethod of Caim1 wherein the

al -short layer is differentially renovable fromthe seed |ayer. 7.
odo of/69Tiai m 1 wherein the el ectrical-short | ayer pOVpsozEsI7a | i ne
ne section of the coil pattern. 8. The method of claim1 further

ng form ng at iggt one hole in the substrate |ayer. 9. The nethod

imaleraa) suchy thatdthe eongluctiye foncoxers one sidg of thper |

[ATA gq%/y 1/07897 attaching a conductive foil material such that
dctive foil- covers one side of the at |east one hole. 10. The
f claim9 mhereln the seed layer is at least partially placed into

| east one ho RF antenna co |S|ng hstrate
ap- b mstﬁoépf ?lﬁ’én gdt;seferlaflte AT BTa LR I@alqllydﬂeqeg Rt the

S

| ayer;

ng a portlon of the seed | ayer not covered by the conductive
or rising a portion of the seed | ayer wherein the conductive
thﬁﬁ mﬁ%ﬁﬁcPﬁ@nﬂéﬁalnlng portions. 12. The RF antenna of C aim
in the hﬁggmgﬂygho regi on includes adjacent sections on the

coi | pat ern

The RF antenna frequency antenna of Caimll
t he seaded Ry&roncoppr ieaabdratcinraatneanaueil paeerink | ayer. 14. The RF

y antenna of Claim 11 wherein the renoved short glon conpri ses

of t he copdustivalpyer avst PeEORY AdheanterHA el PF%“#&]P@F

@ poivhtdf eitsef lajdi@oetBetcd &P ltiad @ddedind uatdridbod cytitising a portion

of the seed layer wherein the conductive layer is thinner than the remaining portions.

12. The RF antenna of Claim 11 wherein the removed short region includes adjacent

sections on the antenna coil pattern.

13. The RF antenna frequency antenna of Claim 11 wherein the seed layer comprises a

cured conductive ink layer.

14. The RF frequency antenna of Claim 11 wherein the removed short region comprises

a portion of the seed layer not covered by conductive material.

15. The RF frequency antenna of Claim 11 wherein the removed short region comprises
a portion of the seed layer wherein the conductive layer is thinner than the remaining
portions of the electroplated conductive layer.

16. The RF frequency antenna of Claim 15 wherein the removed short region includes
a single electroplated layer while the remaining portions of the conductive layer comprise

two electroplated layers.

17. A method of forming an RF antenna, comprising;:

12

he antgnnaThe RF

5pEPRETRR Rl B M b AR5 Bl ol TRy SR Fenl AR

ri ses
han the

a

e donduct i ve
SR@{H{%QS of the antenna coil pattern, wherein the antenna has a
regron across the coil pattern, the renoved short region

a



16. The RF frequency antenna of C aim 15 wherein the renoved short region
includes a single electroplated | ayer while the remaining portions of the
conduct i weo baywen7 conpri se iwo electroplated | ayers. 17. PCTvESOiodswf
formng an RF antenna, conprising: 12 WO 01/69717 PCT/ US01/ 07897

provi ding a substrate; formng one or nore holes in the substrate; formng
at | east one ®PENALBERFBOSITHE:| ayer on at | east one side of the substrate the

at | east one qggﬁygghy&”%g%:hg%gﬁl%gggkﬁgwan antenna coil pattern, the at
nduc a [

| east one co ve I'n yer extending into the conductive ink hole;
form ng an el dointihg af 1east conchmdiidtive ihlaligsr on\ae teattiome aidel of alsd subkteate dreduct i ve
ink layer; wherein an electrically conductive path is provifed t hrough the

one or o deashiops condletivh dnkniayeh doraTing g AR eLra Cf’ﬁrﬁaﬁ@fna ¢Rfirpt 1985l aci ng a
conduct! ¥8ndRlibe I B1d- ActenditG oM cdrdfic gty e foi | substantially

covers at |east one t least one o hol es. 19. The net hod of
cl ai m 18, wherfeinfingn ébattaliycahdichit eraganveche atrledstistiervgndingive adeiayeet i ve f oi |
| ayer interconnects circuit elenents on both sides of the substrate. 20.
The met hovhesdin en gleqirieally opndpeive RaghisuseYiged thrughheens Grpeisdiolssep is such
that the conductive ink |layer does not fill the that |east one hole. 13

18. The method of claim 17, further comprising placing a conductive foil material
such that the conductive foil substantially covers at least one sides of at least one of the

holes.

19. The method of claim 18, wherein an electrical interconnect including the

conductive foil layer interconnects circuit elements on both sides of the substrate.

20. The method of claim 17, wherein conductive ink layer forming step is such

that the conductive ink layer does not fill the that least one hole.
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