WO 01/ 069717 PCT/ USO01/ 07897 Method for Form ng Radi o Frequency Antenna
Usi ng Conductive Inks 5 Background of the Invention The present invention
rel ates twomewbods of manufacture of flexible circuits usedT/tisn/07897
construction of radio frequency (RF) antennae. 10 Radi o frequency antennae
are typically nmade in a conductive coil pattern. The conductive coi
pattern allows the antenna to receive and radiate energies in the radio
frequency range. Typically, the antenna is optim zed to transmt and
receive energy in a relatively narrow portion of the radio frequency
range. Radio frequency antennae are used in a nunber of di fferent areas
including 15 inventary congrol %n enna i s
connect ed t oYU GHOATHAS SRACLC o€ - = 1H¥Tei ves energy
fr,oma detector unit, nodul ates the ener gy mnth an |dent|f|cat|on pattern
stored in the integrated circuit, and then retransmts the nodul ated
energy to the detector unit. Such inventory control units, including the
radi o frequency antennae, can be nade qui te |nexpen5|vely 20 One way of

formng a radio frequency a u t a conductive coil out of
a sheet of metgl,.,, J0G ; ahaﬂe?ateétoa@ﬂ&, BERAMhb Sl Arafufldon of the
netal coil resu {soim ge anount of scrap neta diti ona y, the

radi o fraﬁuanmmmant@mﬂ&efhmmaﬁwq@@)mymsmanplng froma sheet of netal may be
stiffer than deS|red Anot her way of form ng. the radio frequency antenna is

t¥ use stri p- Beadie froguengy Hﬁ‘i%%?ésaf%ﬁﬁ%%ymﬁ %m heayuetiyesnit Paitem “Bsar d
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is forrre onto substrate, e areas no use or the antenna

are stri mde@wayngeTm@wmphhd amemiasis optilzedas trefsmhit whttreceise ehergy inpr oduce
the radi o frequency antenna, because the radio frequency coil antenna tends
to be aboghiivgymarowmpertiqn¢iiheradicieqyeneyHanstbst rate. This conmpares to
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coil pattern on top of the 1
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.

20 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

25 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

30 — 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



WO 01/ 069717 PCT/ USO1/ 07897 substrate. The conductive ink is then cured.
The printed antennae may be used as is or electrodes are attached to the
conduct i weoiomkeyiatt ern and a netal |ayer is el ectropl at edpPom/usboprset t he
conductive ink pattern. Figure 1 illustrates this prior art enbodi nent. The
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nmet hod and apparatus of formng a_flexible circuit use as adi o
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enbodi nent of the present invention, a seed |ayer, such as a conductive ink
|l ayer, is formed in the coil antenna pattern on a substrate. An
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el ectrical-short |layer and the insulating |ayer are then _repoved. 30 The
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resi stancggl(gbrgt ween anpe gl ectrode and the other | ocations on the conductive
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Summary of the Present Invention

20 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

25 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. '

30 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



The el ectrical-short |ayer effectively results in a nore uniform

el ectroplating on all the 2 WD 01/069717 PCT/US01/ 07897 points on the
radi o frewoemoyw7eni | pattern. This avoids the probl emthatrcCoasar/omd7 i n t he
prior art of requiring a relatively thick conductive ink layer. In the
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substrate for the radi o frequency antenna |include punching hol es t hrough 20
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at two sides of the substrate for the radio frequency antenna include punching holes through
20 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
25 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 in 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
30 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



| east part of an antenna coil pattern and a second conductive ink | ayer on
the other side of the substrate. The two conductive ink |ayers can be

f ormed beworog/0641¢7 hol e-form ng 30 step, or form ng one of PCRASovOMOTt i ve
ink | ayers can cause conductive ink to connect between the two sides of

the substrate. In a preferred enbaodi nent, no metal shunt is required but
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fill the piing nsfertdd. to al |l ow space for the nore highly conductive plating
material. The filling of the hole can be done by capillary action with a

pad wi th ink viedilingpfithrlaele san bredose by capilbary aefomuith a ppe wathdnlebishi nent, no
backi ng i . _Backi e i | t
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partial | yobl the chR@uctiaviidly Fadnheferdabodmbddekeniga badki@ewith hecasiipitusad.e  and
t he remai nder of the backing. In one enbodi nent, when a conductive |ayer is

print ed chhercondyetivrink viHepdially fillihe cagityragher thaavieldge befwiren tiegubsirateeast part
of the hole. This.prevents too nmuch of the conductive ink fromgoing into
t he hol eagﬁahepr(g?lg Frza?]ﬁge?jf“fkillil%g the hole before the plating process. In

one enbodi Mentyy oAdlePdliinBAICheh h CHRRELVEE)@As PiihtBd BvétiBe HblemMek&ls a@f t he
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tile hol e wiprintsdtregioausitlig atdeasinpert elothd wls. v dhinpraventsdop|maeddofathehi n t he
hole. 15 Brief. Descripti.on.qof .t he Drawi Fi ' di.agr i
ri or ar CoPbie® ER diuR e i dis e e geRatan AR fehol oo IR o™ he

const r uctgr@esOf mloRe efBldithehi, 8GN ENedRNtRARNAgiof fvithitethB ARSI of the@blei ON USsi ng
an electrical-short layer. 20 Figure 3 is a detail of a top view of the

el ectri cdb petvaded. | Thjeallgysasooet ofithe s tovickhdown hepsles intp flze kdawitheutve i nk
coil pattern of one.enbodinment. of. the present inyention. Figures 4A-4E are
cr oss-seccf‘\l%%{ood?‘écé’rczg u‘ft}"led%lfg’alfqpﬁﬁceﬁﬁvéﬁ%ﬁ’ftlﬁp ttion of the radio
fisequency antenna according to one enbodi nent of the present invention.

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.
20 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
25 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
30 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 5 illustrates a detail of one enbodi nent of a radio frequency
antenna 25 constructed by the nethod of one enbodi nent of the present

i nventi onrwORiLgen7¢7 6 is a flow chart illustrating one net hedTafSot/oms9pr esent
invention. Figures 7A-7C are diagrans illustrating the construction of a
radi o frequency antenna according to another enbodi nent of_the present

i nvention. Fi giigwss HA-80C Hiustrale 84ep ew (ordhearosisagfioaakviews OSHIgwes %y t he
constructed'é)n of one 30 enbodinment of the radio frequency antenna accordi ng
to Figures™7A-7C. Figures 9A-9C illustrate details of a cross-sectional
view for the nEbhed1afillefeitesenBpdicveot a Ofridtihg HefGeRir ond¢abbdidient £ WO

01/ 069717 PCT/US01/07897 Figures 10A-1 CC illustrate a top view for the

cr oss- secdhe presentvireepgionnf Fi gures 9A- 9C. Figure 1 1A illustrates a top view
of_ a printing desig ne enbodi it 0 ) ese [ OV i 5 Figure
1? B illustrat §u1iehgl]5{:§!1u(§%%1ief \?lée f’or{kﬂfsg\%/eelr%{ ]?%gr}rgref%“%e?\l V\ot‘bgisgiéé og?h % he
subst r at egypkicgsir es 12A and 12B illustrate the use of a backing material
with a cavity in one enbodinment of the present invention. 10 Detail ed
Descri pti on ofFigires P24 fied 12 il satrase iheatse ogawmgznat@wé“ﬂw VeI radi o
frequency ntdﬁ‘ggﬁt% bei n tcons,[truct ed by the nethod of one enbodi nent of
t he preseft®q O 617 PrSERE! PYET ™ r equency antenna 40 includes a
conductive ink pattern 42 formed in a coil on the substrate 44. An

el ectrical 15 short layer 46 is fornmed over top of the conductive ink coil
pa@ttern, and preferably a non- conductive plating resist is formed over the
short. The electrica res at noints 48, 50 and 52 on
the conductive ink patte; Huon g1 PIER 2 S ar  vol tages during
the el ectropl afighg Pk AGES SiewdHaSadRARuSAdy dhRAA HOBSInS RohdiRicRaAMIURS | ve i nk
pattern 42 will "be el ectroplated evenly. Thus the apparatus of the present

i nvent i onm2thodldf ons ethbedimenboithe prasentéheantionplht eadiafrequentcy suehnact®nt

thi cknes Singlrllldg‘sl a{ co% hcr’glivg ]IS(f pa Qr% Z{Zafco“rn?ed in a coil on the substrate 44. An electrical-

15 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

20 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

25 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

30 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



frequency antenna. The use of the electrical-short |ayer 46 allows for the
use of a thinner and/or narrower conductive ink |ayer 42. The resistance
of the cowOwessre7 i nk | ayer during the electroplate proc®€3/Uise1/0msp7 as

i nportant of a factor because the electrical-short Iayer is 25 used
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geonetry and | i.cally..fixed.. Th to,produce a high Q factor antenna,
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a porti onpyodfFh@HItBe SubsBafisays Eﬁeﬂlﬁie‘]ﬁbﬁfﬁe szsaiﬁ%ftﬂecﬁﬁktr&’dt&i’ﬁdlo
illustrating the construction of one enbodinent of the radi o frequency

ant enna (ffequbm:ypammw rendnt Qumn exdmplEioguar Bexdible sabstoade datdrial evisdeds | ayer 50
is forned on.t substr.ate 52. referred t he
liberr ar Sus #RaSs pih Frasoeniiy suiog inMutrts RbGERE B oRtEr EoRER aai'o
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which is 10 suitable use with the present invention is Mlar(r
pol yest ershdwh mifhrrespett to [F1gumPaimve dreoNeerobodmeV dfithaygesant idEntich, enduct i ve

seed | ayer Olsforrred i tern hown with respect to Figure 2
above. | ROBELR RS ERS0 Bre CPH& 3 ﬁyqrn’vfﬁw otierRK BeBrund fedf ceed
layer 504, e%ﬁ%'ﬁmﬁﬁhfmﬁw @Y 3tom M@@Hﬁ% da‘f%n![é%hni\ﬁwﬁ"ﬁ shg be of
the type su as EnTouchTM EN- 079 Enge Corporation i1selin NJ In

Fisgur e 4Bhe tkectrival-shet tayecmbtesihlof4 1d ﬁqrﬁredrmzbetapabf thé cod fadermesD.cMer t op of

the coil attern_50. .Th el ectrical short ink er cou e of the type
such as ; 'ISIQPEN-@B%WF &pyld be of the type such as nTouc W Nb081 JL_ro yp

Engelhard Corporation Iselin NJ. An additional insulating layer 56 is preferably formed

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
20 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
25 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
30 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



Engel hard Corporation Iselin NJ. An additional insulating |ayer 56 is
preferably formed on top of the electrical-short |layer 54. The insulating
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second ele Is that 1t anvvs sone ‘e [fate materi al
to go |nt1ﬁvddmenr enoved short | ayer region 62. 5 Figure 5 |IIustrat es a

detail of the fornmed radio_ frequency antenna produced with the nethod of
one enbodi mentFigire Oiea Howbatt iljusienigioss emipdigenhak thepresend Anverdon. ol o

I equencyy Ak eIAACLIGER. S56410PIASRS GORREH aRALA B8 Q ot e smal |

renmoved |on CONSI e con ve 1'nk yer by

itssel f. ABe hMﬂa@SWﬂﬂhﬂle doadmtied irfkh ah [Stepedy, dit cbadueiveiinisisroatalt ilukep t hi n,
the total increased resistance caused by 10 the renoved short region 72
wi |l not e glschicghshorilayerds formee oyestagporties pEthg el pateran & p EafeITed r equency

ant enna i g ﬁ#&{?d[h@&e@mr A5k 18er SR & SHLEGRAINSGRLEAHL ORladting of the

present 1nve
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

20 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

25 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

30 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



Figure 6 is a flow chart illustrating one enbodi nrent of the present
invention. In Step 80, a flexible substrate is provided. In Step 82, a
coi |l ant ewpaipet7tern is fornmed on 15 the substrate with rheg/usonasetive
ink. In Step 84, the conductive ink is cured In Step 86, an

el ectrical -short ‘ib is formed over portion of the coil pattern In a

pr ef er r ediot hqmarcwe etwepapaisdd 2 and Hi4. étrerr an plggfeaplatipesisppan b flone to
di f f t t |
LT or o0t b o SRR o RABAHE KMo Dl ol o RUERY P AR s 1m0 T aver

is done to forTReaonaidivetihl enatdrd eiilpliRing iheerelativelhemald hdles tsodeoi nk 20
layer. In Step 92, the electrical-short layer and insulating |la er are

renoved. ophest betwees the eprgiiolva siunigl04 a@@thrzém sifigyaf the dleiipde; subgigate 10
el.ectrical -short layer and insulating |ayer, yet does not affect the cured
cdnducti ve ink | ayer. Step 94 is an optional second electroplating step.

Fi gures 7A- 7CHitirds Bnag®e eaa@tdterse&iasbadhamtlmtraﬁhg thy esefuctidhveniheon. | n
Figure 25 7A_a flexible substrate 100 is provided. Holes 102 and 104 are

punched |sryrtt@thr@lr¢s 7e%<1’761 @lg@@&éﬂﬂ%ﬁr@teﬁﬁt&é}eﬂ&b mtraﬂ@dQQt yFigtreBare 7B, a
4A and 7B

conducti ve atta a 4. F| res

are sho \]/ﬁﬂ)téé g) 6%%? ’H lefﬁ E%tf%ef gb ul%%?rgautre g\%ﬁwgnfotl I n

Fi gure 7Gnatth@ foeeii dtnBetbd s et subd@hle i190f |Ihp&%deﬁ190d1ﬁ1%nptah&fnd§¢tﬂ@ 100b
In this side, the conductive ink |ayer 110 forns a coil pattern The shunt

106 on 3Gdbéstis 108Gan bé useddo hpldthbinetakfof satesiab 1A0© the pubagate A Q@ Figerepads 112

and 114 b one _.ano r for S the

"t ear at o SRR B R copRt e A i 10T e RS Rebar 1PEH Bohdfe 106,
the | oops]@fridad okttt wiRRteedinP 104, Mehd aédtﬁcaﬁryemaﬂaweqak enigianesdy 7 WO
01/ 069717 PCT/ US01/ 07897 not be positioned between pads 112 and 114. Next

an el ect ritysdntortige mleﬂ)OZ:aNotbéhadldmsc of a shunimaymeke oonr-ppitet ol astomagct | ve

| ayer on of _the co ctlv ern., The cond i ve ink

o i BRIy g1t SRPAEisal g B of B yb AR ineoBSisBaE Hhe Ylenivdcs

bl%t veen thee RANSMIGKhi¥E cat ke ﬁ@@asﬁ%dtotug@a h@rﬂ’-pﬁa'téi?cdﬂﬁu@tﬁ% ihk %brbh?les ubstrate
5 Figures 8A-8D are cross-sectional views illustrating 't

const r uctshom agdo dllosvs foybheemdtictive egeiha-cal pafemuo éeST(Mnddl QJthtlamé@ athe

flexible substrate 100.. In Fi e 10 d|ntheerX|bIe
et o dha pshits e llovaes i bR Rt et T one dntbdlinent ot} 5

single hole is used. One example of this embodiment is a system with an internal
capacitor in the substrate layer forming a return path.

20 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

25 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

30 136. 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.



material 106 is connected to the substrate 100. In one enbodi ment, a

conductive 10 adhesive 108 can be used to hold the netal foil material 106
to the suwetmatw1100. Figure 8B is shown with the conductcrasonkrsant eri al
110 which enters the hole 102 to forman electrical contact with the shunt

106. The el ectricall onducti ink materi il f into the hol

102, Not dniaRatea i i SRR rkegP BRI P03 Brea Vel Enelinde -

feasi bl e, lip, %Mg%e%k@%tw-tﬂ mﬁﬁoﬁéﬁ 19l bRt RbeRh], Q¥acdchBed Svet ance of
afSto e re ucedl | C C%

t he anterPn n"nmake 1t feasible to use a non-plated
conducti ve i nkFigaye9-10 Thstrats thergituatisowvladréio e iflois pldved wothdutbe hole afet enna

coil pattern to be fornmed on both sjdes of the s .rate ye | I owi ng
for a thitBkiop 39 datay G%‘%QUFEY‘?#?‘Y?W“&#H%S”%%%I ﬂ‘f‘l}e%g?ﬁtl?uﬁs 1L‘1§ﬁ6‘5 éllﬁ’ol eis

used. One; ﬁg@/ﬂ'ﬁg i ‘91?5@9 ' oy Lt ' :

cgpaci tOI’lll nt etﬁgtg} s?jtﬁ!r;&létﬁle ayfeﬂre%l% ﬁgﬁgéﬁbﬁ%?ﬁ@ﬁzﬂggkﬁee aarrrtpl e of

t he condugtt the doinfiikg [of iont iof ghavbomductioe fayastonr toguifrthe aubsttatd. Acposdibtet | ve
shunt on one side of the substrate is shown with rgspect }ﬁzﬁ':i gures 9-12.

Fi gure 9Alisadyartagsis thaibag sondactiveoniyfiom Bus dosign plassd eader ef thseupsiipls 132 on
gure 94 et et | |
B ur o 1 IR (o EORNG I ] X BRIAE oGOt 2V 07

subst r at @hd BOle, thaekicantadg the gffeciv@Blating stdpi Figlve ek AriphstrazestaodesighFr i s

formed through the substrate and the first and second conductive jnk
| Qyers. THininEgpartipsef jthe sprNGLYHIDKRYCEpHE 1bsiEdte pionad 2 Preipush-frigit e 9B and

the top vi fr Bl i . I L ced

i thi e APEHIE IS, b Pt pHi e {OUrCRAUAEL b b B BIEESD 1 i
| ayer 132%oaidedshe ébﬁidnom the Gidtkedgiione1400KIn thisegxatipde thendssigolducinnee i nk

| ayer wi cks around the side of the hole 30 136. |In one enbadi ment

backi ng idameeyl44dhy inwihin teaodion giered thedwluldli spebptemesink syill dloy @%pot he
t f ' f the . hole. i h ¥ “and th
bort om pafe FRHE Hima e 8 dodt o el R0 LGS BELNGA o B ARE R e

cgnduct i Vsigada2 hada\euteldiaSéd V4R EQé it hh the diapleer efhedbleEdD, it is
inmportant to keep the hole 136 open so that it can allow for plating

wi t hin t R¥othdhas thegecomid e asitwaiien i vrelythe Swind thajiak isueh that thegdaraetsicr i bed
L R A L
are for mgg.nobis@ebeprididd id0dhd hdR, the amount of ink provided into the hole can be
reduced, thus reducing some of the potential problems with the pooling of the conductive
20 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.

25 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

30 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



S5 illustrates the situation in which the form ng of the conductive ink
within the hole is part of the form ng of one of the conductive |ayers on
top of thwoguwbetnate. A possible disadvantage is that, tireTasndespi ve i nk
fromthis design placed on top of the substrate wll flow through the hole
too nuch, and eitiher drip upon the backing or conpletely fill the hole,

t hus pr e VRV 1ﬂét33§‘?flecti ve plating step. Figure 1 1A illustrates a

design for 10 pri nt]ﬁéiﬂ)sﬁing‘arshb MayRf oh R LBREHE TNEsHOMKIay@Y@h bRRitBeSUbSt rat e
around a previously-forne hol e "146. In this case, the outer screen

pri nting chasmausegsegmentedt does not provide ink to at |east a portion of

the hole regign 14Q. In_ this exarrgie t.he design has a inner dianeter 144
that is withirfthe JOFPRREREA SEFMEH STI’égff&JGt,efgﬂde%hat some ink will flow
igto the hole Ho " j - ' t [ gi on 146
of the hole. ‘?’I'he 1 %)g)gllﬂa%Q%ﬁ%&%ggggiedgg}{’eésﬁ%ﬁg%?g%&ﬁ%%\%?@ﬁaf gpcgr eater

t han t he stbmai®eethrofghtthesdgoleated4latingidedig. t hat there could be a situation in
whi ch the fl ow of tfle,in i S ﬁuch that the dianeter 144 could be greater
than the di améter JHatingdhpsacd [8%Eelf. By using the region 146, which is
not screen-printed into the hole, the amount of ink provided into the hole
can be reduced, thus reducing sone of the potential problens with the

pool i ng of thdnanstterclttrmati@@nibokimdat, g methddof tht presanatngsntiduecosiptisest | on i n
whi ch a conductive ink layer 150 is formed on one side of the substrate
182, A hdhesteryofi s forned within the substrate 152, and thereafter another
conductive ink | ayef..d: [.S: IS: I i yer is arranged to
flowinto the 1s'i de?ﬁ%]#’ﬁgﬁieaﬁ ﬁ%ﬁggﬁg%&gezlgqggﬁﬁgtgm{%(?'?ﬁ'?ﬁ]ggot her conductive
ink |ayer 150.2.25 RAbgaki€ifg 4 2dnduntivelseBd laybusithat' &” side ofithe sabstantdrdlitel ng

el ement 160 in the screen printing of the substrate 162. The backi ng 160
has a cavpPtlpatiea is pppitgupeship ellowank & flgwrdown ilhe sigwWalls ¢fdbe Vias- t he bott om of
the cavity 16 Be . t it t agded 4l i) t contact
t he substrat e43162 gﬁé@%@%&&ggggﬁeﬁh@hﬁ%ﬁr é&{;g@ t esq%%r%ﬂ})e\;\éc%fgtﬁ%& If the

backi ng dhakin®totiast evith thewdetl Yaykbthrotdhethe Rascoul d tend to pool at the bottom
of the holes 30 and thus snear onto the present substrate or_an additional

substrate. ThetsubsPeresising plating fesit ik o mask the shostlayer 08 theydB't §fleri ng of a
conductive | ayer 168§,..] n._aliernative enbodi nent, the conductive nethod
of the pr esent5e‘i nvgﬁ?ﬁm@é}hg&%}%i/ 069717 PCT/ US01/07897 conprises the

steps of: 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

20 to be limited only by the appended claims.

10



1. Depositing a short layer on the substrate. The short |ayer can be either
continuous or segnented. 2. Depositing a segnented plating resister |ayer.
5 3. DepowdDtoitiego7a7 conducti ve seed | ayer such that the see@Clrapger/omsont act s
the short layer through the segnented plating resist. 4. Plating the seed
| ayer. In another alternative enbodi ment, the nethod of the present

i nvention conprises 10 the steps of: 1. Drilling vias in the substrate in
the path of the coil turns. 2. Depogifii@g a conductive seed | ayer on the
"A" side of the substrate. The coig_pattern is configured to allowink to
fl ow dowmwthbrimi de walls of the vias. 3. Depositing a conductive short

| ayer on the "B" side of the substrate, 15 nmaking contact with the seed

| ayer through the vias. 4. Depositing plating resist ink to mask the short
I 'ayer on it he “fRoq Sk @min anﬁgg INaTs R pASSEE: | ayer. The above description is
meant to ‘be exenplary onfy. i tidnal” ways of inplenenting the invention
are done w t hiprotiitgacmpsirané laylre present invention, which is 20 to be
limted only by the appended clains. 10 WD 01/069717 PCT/ US01/ 07897 d ains
W claim 5 1.fomiggassed Byeraytap afthgsubgiraiginan matengp pit PESHY:  provi ding a
substrate | ayey; {farm 5 : e substrate in an antenna
coil pattern; %?%Jrn%ianmgei]egﬁ&gr%@?tr]%%%?goﬁggltte%iggg’épé@tross the coil pattern;
usi ng the el eaistngahé elstiticdl-shary Biyertto ekkaplate plcahducivepetwats atdeasiepeetr over at
| east part 10 of the antenna coil pattern; and renoving the

ellect ri c sifthavatennagpdpattan; aie met hod of C aim 1 wherein the seed | ayer

conprises a C(%nglﬂgltnig\fﬁe 1108k AYRE layer.

2. The method of Claim 1 wherein the seed layer comprises a conductive ink layer.
15 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.

20 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.

25
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
30 layer.

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

11



15 3. The method of C aim 2 wherein the conductive ink |layer is cured. 4.
The nmethod of Claim1l wherein a non-conductive |ayer is forned over top of
the el ecwoioc@bd7short | ayer before the el ectroplating stepCTaA®0b078The

met hod of Claim1l wherein the renoving step conprises using a solvent to

the electrical ~short | . .6, T hod of. Glaim1 in th
el ect i caredigy s bosheive Syl s e O dibohts 1 B iR el ayer . s
7. The nethgd Ak 16l@i m 1 wherein the electrical -short |ayer conprises a

| ine across one section of the coil pattern. 8. The method of claiml
further conprising formng at | east one hole in the substrate 30 |layer. 9.

The net haod of cl ai urther conpri si on first .side of .the substrate
ayer. 10 Hes Beoge shTpETy ko Nrised e v St e Thof

mat erial 4 ﬁgm;mﬁ% t he conductive foil covers one side of the at |east one
hol e. 10. The nmethod of claim9 wherein the seed |layer is at |east
partially placed into the at 5 |least one hole. 11. An RF antenna
conprising: . asubstrate | ayer; a seed |layer on top of the substrate in an
ant enna doi AN EEER2 oOAISEShduct i ve | ayer over portions of the antenna
coil pattern, BLei 1 antenna has a renoved short region across the
coil pattern, the renoved short region conprising a portion of the seed

| ayer not coversedd ayet hetoparfducdubsteaterat @randdnnarcod paternsi ng a portion of
the seed | ayer wherejin the conductive |layer is._thinner an. the remaining

th
pWrtions. 15 EXOngpEivRAAYSHPEHAAIGRS 4 the mrtanna god Paiteny WECTFEHEY BeURor ¢
thon: ! ; . : . The RE
region ingl u?&ﬁm;?,eﬁ{;n{ﬁg ?]é%orifa%é gl:%?ﬁoﬁ?a V\%g @Bt dGRb re%g(;;fe ; ristnd e

ant enna frequenC reirn the seed ~conprises a
cured condieetidnvef thékeel &yyer not covered by the conductive material or comprising a portion

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

15 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.

20
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 anterma of Claim 11 wherein the removed short region comprises
25 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

30. two electroplated layers.

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

12



20 14. The RF frequency antenna of Claim 11 wherein the renoved short
regi on conprises a portion of the seed | ayer not covered by conductive
mat eri al .w091/0§471¢7 RF frequency antenna of C aim 11 wherei RCTIES0/€180V ed
short region conprises 25 a portion of the seed |ayer wherein the
conductive layer is thinner than the remaining portions of the

el ectropl at ed HFBW&H{%‘WFSP sfaler . 16. The RF frequency antenna of Claim 15
wherein the re@puRd chRQk indi€ HoRB irt fMelskblesite; 2 single el ectroplated layer
while the remaining portions of the conductive |ayer conprise 30. two
el ectropl at ed foayings:t leadt ondcomsiubion ok lafyerar a’i@eaahomlmfé meubsgatatd si ng:
12 WO 01/0 9717 PCT/ USQ1l/ 07897 rovi di ng substrate; one or nore
hol es i n &L 850 CthFolF‘ﬁ]% r&?nm@%safl QI o Rt tﬁ?ﬂ%rq Pe%ﬁ %n at

| east one,3ha&ivefint eﬁéﬂ(@&fd‘i@gﬁﬁto&ﬂ@cotﬁiﬁl&ﬂ?@ﬁk nee conductive ink |ayer
forming an antenna coOi|l pattern, the at |east oné 5 conductive ink | ayer

ext endi ng i nt ofotrhimgao lehbu‘u:tcal%ecomdtkctﬂm lagrer dver iine apleast ond eontindtivafinkylayasnduct i ve

| ayer over the at | east one canductive i ayer; wherein an electrically
conduct i VERSISED; %e%@ily&%’&dl’tcﬂ?’%%h 1%9?8‘”3?1%{}5%“%}?6‘?’8 Oﬂ%Pre‘g.ore%é’lesTh e net hod

of claim 17, further conprising placing a conductive foil material 10 such
that the conducti ve foil substantially covers at | east one sides of at

| east one of tﬁEThhﬁieéﬁ)d of BlainT g furétehoxhmising Eacing 8condheiveifoil amatesblect ri cal

i nt erconnect _i ncl udi ng nductive foil |layer interconnects circuit
elbrment o HA Bt e SPRULHE? ﬁtlh%l% gaﬁlm‘éers #61e2 One AT A SES e i 17,
wherein gopductive ink |ayer formng step is such that the conductive ink
| ayer does not fill the that |east one hole. 13

19. The method of claim 18, wherein an electrical interconnect including the
conductive foil layer interconnects circuit elements on both sides of the substrate.
15
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.

13



