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[err] Abstract: A netalized circuit suitable for application as”a radio
frequency antenna is produced by form ng an antenna coil pattern on a
flexi ble substrate (52). The antenna coil pattern is forned using a
conductive ink (42) which is patterned on the substrate. The conductive
ink is cured and an el ectrical-short layer (46) is forned across the coils
of the conductive ink pattern. An insulating |ayer (56) is forned over top
of the electri- cal-short layer, a netal |ayer (58) electroplated on top of
t he conductive |ayer, and then the electrical-short |ayer is renoved. The
use of the electrical-short layer during the electroplating allows for the
vol tage at the Miéthédf@RormirigRadio FridikneoAditsahi Veing Tonkdayeve Inke be
relatively simlar, so that a uniformelectroplate layer is fornmed on top
of the con- ductive ink layer, This results in a better quality radio
frequency antenna at a reduced cost.

Background of the Invention
The present invention relates to methods of manufacture of flexible circuits used

in construction of radio frequency (RF) antennae.

Radio frequency antennae are typically made in a conductive coil pattern. The
conductive coil pattern allows the antenna to receive and radiate energies in the radio
frequency range. Typically, the antenna is optimized to transmit and receive energy in
a relatively narrow portion of the radio frequency range.

Radio frequency antennae are used in a number of different areas including
inventory control. Often the radio frequency antenna is connected to an integrated circuit,
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 pattermn on top of the
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center of the pattern. Due to this electncai resistance, the electroplated material
preferentially coats the areas near the electrode at pad 22, rather than position 24. This
makes it difficult to obtain a proper electroplated coating on top of the conductive ink.
One possible solution is to use the conductive ink with a thicker or wider pattern,
thus reducing the resistance per length of the conductive ink strip. The downside of this
solution is that the conductive ink is expensive compared to the much cheaper
electroplated material.

For the above reasons, it is desired to have an improved method of forming a

radio frequency antenna,

Summary of the Present Invention

Embodiments of the present invention describes 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.



Anot her way of formng the radio frequency antenna is to use strip-back
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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
met hod tends to be wasteful when used to produce the radio frequency
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the seed layer not covered by the conductive material, or comprises a portion of the seed
layer wherein the conductive layer is thinner than the remaining portions. Another
embodiment of the present invention comprises a method for forming a radio frequency
antenna. The method comprises: providing a substrate layer; forming one or more holes
in the substrate layer; attaching a conductive foil layer on one or both sides of the
substrate layer, such that the conductive foil covers the holes; and forming conductive
layer(s) on one (both) sides of the substrate in an antenna coil pattern, with the
conductive ink to form an electric contact with the metal foil. The conductive ink has the
advantage that it can easily go into the holes to form that connection to a conductive foil
and the circuit elements on the substrate. Prior 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 hopefuily 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.
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According to yet another aspect of the invention, there is provided a method of

forming an RF antenna, comprising: providing a substrate; forming one or more holes in
the substrate; forming at least one conductive ink layer on at least one side of the substrate
the at least one conductive ink layer forming an antenna coil pattern, the at least one
conductive ink layer extending into the one or more holes; forming an electrically
conductive layer over the at least one conductive ink layer; wherein an electrically

conductive path is provided through the one or more holes.

The filling of the hole can be done by capillary action with a pad with ink which
touches the area over the hole. In one embodiment, no backing is used. Backings may
pool the conductive ink. In an alternate embodiment, a backing with a cavity is used.
The conductive ink will partially fill the cavity rather than wicking between the substrate

and the remainder of the backing.
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Figures 7A-7C are diagrams illustrating the construction of a radio frequency

antenna according to another embodiment of the present invention.

Figures 8A-8D are cross-sectional diagrams iltustrating 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.

4a
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that points 48, 50 and 52 on the conductive ink pattem 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 imp'eda.nce 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
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Figures 9A 9C. Figure 11A illustrates a top view of a prin
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formng 106 60 Le,S 2 1SEP 2004 of fhe,tadp Lrequency ARtEM,, The use o

the el ectiTta or t*
Engelhard Corporation Iselin NJ. An additional insulating layer 56 is preferably formed

on top of the electrical-short layer 54. The insulating fitk 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 conducti-vc layer 58 is made
of copper. In Figure 4D, the electrical-short layer 54 and the insulating layer 56 are
. stripped awaf. 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

1s constructed of metallic foil, which could be attached to the RF antenna and then



I nvention aids in the construction of a uniformy thick el ecty gp r,
thus lowering the resistance and raising the Q factor. Fi gur‘ieg3§gﬁaéﬁﬁﬁ

detail of a portion of Figure 2. Figures 4A-4E are cross-sectional views
illustrating the construction of one enbodiment of the radio frequency
antenna of the present invention. In Figure 4A, a conductive seed | ayer 50

is formed asmbe adtr thd@edraplating PamubeXdE dhBwh Btotiofi] Qhdigshal &EPETI BB, t he
substrate E;qi is a.flexible substrate which allﬁ)ws the constructed radio

frequency dricERRRIRGyheh angditionallgcaopiptedayer 6 ispanes avdtop af dediatter i al
which is ' USE ., i ' ' i I '

pol yest er ﬁ%oﬁr@?é@ r%y%.rsgl' %&%%aﬁ%akgg%tﬂhge}gﬂé gl%%@&rﬁ% ér?]gbt 18213&%@%% %dénduct Ive
seed | ayer sB@eiekeciroplate chateniabtogoiitto theetremoved shiwdlayerviegibn 62spect to Figure 2
above. In one enbodi pent. of the. sent invention, the conductive seed
layer 50 is a c?ﬁ%ﬂ%ﬁ%’&ﬁﬁ#%gf .&e ?‘?@e@mﬂléﬁqf‘?}’éyﬂﬁﬁm% UCBHHHE be of
the type sub@imethoBnTous batbddaded 69 tHer 268 EaPdifdh d NoRS R @bt QP tHeSEAHN NI In

Figure 4B, _the electrical-short |ayer material 54 is formed over top of
the coil pdtedesieysotenghcludesseleqtioplafed snppar Hortions FPebutdbewalbeenudved he type

such as En e : L.on el,in NJ. An
addi ti onal E%EE%%%IQ?%;E?&% Ofggpérog%(:?lggﬁéw@ géln@gltsechjffsl "ésopl)on@f A% ﬁ%
el ectri cal Ighevet shayregiohZ2 refirinsireistiviebtthingthe tokal imyesedyesistahde@amdked bie type

such as EpTouchTM EN- 080 from. Engel har, rporation Iselin NJ The

conduct i ve%l*erfﬁmf‘é el °ﬂr§§‘°832“ﬁnfén &’Fﬁ‘f"gﬂgbp‘%rﬁf%’ﬁ@@‘i‘" PEpweslbsridiee, as is
known i n t @qidntPintedinb is rédhicQNS ar@ﬂ!@@ﬂh@ﬁ@iqeﬂ%&ﬁre%ie@ﬁﬂdtﬁ?'of t??gfegenlt ayer 54,
and the insulating layer, 56 are differentially renovable r exanpl e

sol ubl e i n1¥e8&Yyent that the initial seed layer is inpervious to) from

t he conductive | it emlal ' | es.the results of the
el ectropl ati ng, F{éﬁ]%?@hﬁgh%@r%aﬁ é&e@b&?ﬁﬁi %@h‘f RIS HEE P top of
t he conducSiepe0; nftexitly substde is Providetl nELSte 8213 cofl ysteniapefiefoabby opr event s

an electroplate |layer. fromformn n..th el ectrical-short |ayer. The
“conductive 1ay Sfmg%w’itgh'ﬁrcgﬁ‘%lfﬁm ’y‘g'aﬁ‘ $tﬁ%§‘§réli1&?%‘_*%’é’f*§1kls faedy Fe$tep | n one
enbodi ment g6fantdistrivapsioRtiayed ki bvet NBoroR BEEE c¥i® phtR¥E ndByrbfrgRde  of
copper. In Figure 4D, the electrical-short |ayer 54 and the i nsulating

| ayer 56 afB0o&wFRphe aleeien-shorhlevets foppedef drremiallisrmovablergnductivt vent ,

P esont | osni P 98,y Pkt SRACANe: b AR BIERING disRE S ©
met al | i ¢ f tielelectwhplatingde dom th dorat 4 @ntiedive eletinplRElagatrthecaddetiveenk 6 13 SEP
2004 layer. In Step 92, the electrical-short layer and insulating layer are removed. This is
preferably using a solvent that rerﬁovcs 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



renoved after the electroplating. Figure 4E shows an opti ‘Eg Sgﬁ zuaqal
step of a second electroplating in which an additional "ayer

60 is forned on top of the first electroplate |ayer 58. The advant age of
the second electroplate step is that it allows for sone electroplate
material to go into the renoved short |ayer region 62. Figure 5 illustrates
a detai | @ béPaitloacdBEwEaa8 ﬁrz%ﬂywma@&?a% r%@%ﬁ) e method of
one enbodi nent of the pregjeanst I nventi on. Oﬁa %Pcawfbyaﬂeétjraadl o]

fr equencyfoah@@ﬁhetmmwwdumvewﬁnm tap eﬂthcoqnphptxmnk tohpgatéth, but the snmall

renoved elec L9 nsi. t.he conducti | nk | ayer by
itself. As |o?1131%%§n e f@&f&%@%a SAY th""’édP%ﬁe ‘f%?‘FgIPhi H oles 3¢ l'y thin,
the t ot alcohmset bawesh thecindtane smaalisedd b top H6 SRRONSEh18 Bfsiratt §90.0N 72 Wi | |

not be too high. In fact, the total resistance of the radio frequency
antenna i s reduced as a result of the nore effective el ectropl ating of the

present invemhons SKI@JEI% %?gg%e%%gﬁlgw?fpﬁ[ubfrmdgu%ét raét 7 I&ngf gbodi ment  of

the present invention. ) exi| S  provided. In
Step 82, Sast@toﬁgumst‘iéﬁ’r‘% Iﬁgum@Aﬁllmwaﬁes)ﬁmmmh subitmteslﬂﬁsﬁmmg&rc\ﬂﬂ,b t he

conductl 4 k |s In Ste 86, an
el ectri c\ﬁ% 26(2 fsﬁ% ‘fgﬁrg‘ f%f‘%geos"g%}éﬁ? 5&6 tt{\ C‘?ﬂﬁlf‘?t“’ﬁa@ tern. In a
preferr ednataﬁd‘bqtﬂﬁﬁerd:bnnehﬁﬁ t6|tﬁ3 bublseaé ‘18@0% oh@)éﬁiboﬂﬁneﬁp ARG dRtive '
differenti d@*?ﬁly removabl e, conductive ink. In Step 88, an insul ati ng Iayer

i s for meddBReae 10 sandreaised fodgld thyaptal foll meterial 106 dp ﬁlﬁs%tfatetl% Kpwet ropl at i ng
i s done tgp if %o%ﬂwﬁ?ﬁxg U&ﬂ:d'u}!t?ve%l?ﬁatreﬁﬁl 1%%hl1&ye?ﬁeré)ﬁ’m‘hg'l% 1poRdueLye ink

| ayer. In Ste and 1 nsul at| ngnflayer are
renoved. erqtrg:ai sontgt efithrthdbhant) is%’n olte deﬂtmany cbﬁtﬁtnveamameriah €asily

el ectric sh i | atin t does not affect the cured
conductléié’ r’fB fhﬁ tgem%t B@‘ éﬁaﬁ uéﬁo%p’h‘% %%‘86‘98’9 G0k PRIFAINGE ng step.
Fi gures TésibG. Ilhloﬁétdhﬁfoﬂln&lﬁﬁftﬁbﬁfse oRe el ¥ Movaf thi ﬁ’é‘lsﬁﬁ@escﬁ‘@ﬁ ddggation. In
Figure 7A a flexible substrate 100 is provi ded. Holes 102 and 104 are

punched ihborefired pihéckicen é"ak%li&?ﬁlbktt@ummmﬂtedwduﬂwkmlﬁlgyw Thegure 7B, a
conduct i Vgt 9f aﬂ:% res 7A and 7B
are shomﬁuvr\{tt ﬁbm deS ?&mﬁ% @]Ygél?gﬁg{)%ﬁeg}@rzbg;%;ﬂn e%@éboﬁos\?\ﬁé: o?ﬂ top. In
Fi gure 7@e mhgratd bxerbhiéavsug)ﬁtrraamekét(pﬁmes phitérpp Etloneceribudiménneomiya de  100b.
In this he condyctive inpk Q.forns a coil _pattern. The shunt
106 on % gf% '1"3%5 Sfe8 htg“ef‘f"é&‘?’@lféj E%t?é‘lbl" ST B0? SYSFThaithiag intemel pads 112
and 114 emcb@mdieébﬁsﬁiatelh r S8 pftRr easy connection to the

i nt egrated ci rcwt (10 t shown) By using the netal foil shunt 106,

the I oops of fReXEBRIe phitte copdusiive nﬂéi prapding Whiely dessoyot aequéiserrametabd 7

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 l.ayer 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, interconﬁecting the top and bottom conductive pads.



13 SEP 2004 not be positioned between pads 112 and 114. Next4 @n
el ectroplating step can be done to forman electroplated caLau§M£E%2Qg$er
on top of the conductive ink coil pattern. The conductive ink materi al
easily flows inside relatively small holes used to connect between the
conductive shunt 106 and the top side of the flexible substrate 100.

Fi gures 8A IBDnakmbodiarat, $E6 impdiaht 16 l@YS thelholst36aipkn 8o ALt caNBlgw ki on of
the systemFjgures 7A-7C. _Figure 8Aillustrates the flexible substrate
100. In Fi qURESEhmhe holp 436 with ¢ mopedyighlyicqndustive matesial 19 dessbasiabave 100. | n

Figure 8C, the gﬁﬁ%&@id’iﬁugn%{ehhe ﬂ@ﬁtﬁo’hiwg}gﬂeﬁ%e ik i%@%ﬁ%@fh tBth%Q?’fe? ubstrat e

100. In one enb ment, a conductive esi ve can be use ' hol d t he
met al foil theiopeidbotibfteondudtive lagerivs theastibstt@0ue formed. Fig@Bs 1A sibl#B, wi t h t he

conductive jn erial.110 i ch enters..the hol.e 102.to0 form an

el ectri cal -%lgérsﬁag%{thc“flﬂl@ﬁ%wgﬁhﬁ}e freane offe copdnetiys M‘M%{Sip@% i nk

mat eri al  eafithey forinimPnef dritt 6F the GoriRtbvelldders DRkS) bk shbi®ratésS €A Pospighunt may
e

make non-pl ated i nk antennae feasible. In one enbodi nent, the use of the

shunt al | ofsafirniaeeds Gebhe eonsiuctivearafipaihbia design Meced o iemef thihsubstrgan make | t
feasible t%iﬂﬁgﬁhﬂgéﬁ b ﬁ&l@%oﬁﬁ&%é@{d'eﬁﬁeﬂdﬂhg@&%’ Ak back’ or%gr#nﬁfetse?%él? al 1 ows

for the conductive antenna coi ernto or e S of the
substrat e Ithe/leals, thisl reventing the effedtive plating pep. nFigoke AN tithistratel B design rbodi nent
only a sinale hole.is ed. e exanpl e of this enbodinment is a system
Wth an | negRiEPogtgsed B8 copdReRvRae e B deub oG Sun0r MOHG - REREl 1 pat h.
An exanpl e hole 146 eIOBRAHSH, itheoutdtsciRéd pHnting hid) b eehisOBst d3ed ndi9aiidedne Met al
conductive shunt on one-side of the substrate is shown with respect to

Fi gures 9- 122t lepstqupastionof s \hola 1egios JH8t dmthis eganpls the desiin hes a doeduct i ve

I nk | ayer Li:St 81 - ' Nk, er . 134 on the
second | ayg%%e%?éﬁ {é’h{ﬁ %&tﬁighqg%%}g cﬁeg%ﬁgé:gd\}vg}){d’)&?ﬁ‘gtt%ol%r%snfl&ggin%%ﬁt%e I nk

| ayer 132 &recholheHowubret, i mk 186k nott extbrdnigtocthe Fingtregiod B46 bftht héls. Thxanpl e a
hole 136 is_for t h=ough,.t he suhstrat.e and the first and second

‘conduct i ve%esll%kﬂ?%lag?gpugﬁqlgmﬁtﬁ 1391‘%'6‘:%?%3@??6"\&&3’1 the ?’ﬁ’@e@?‘lfé}é‘iléc’iﬂ"ioonal Vi ew
of Figure HBteahst thddecdulPbe Vdimuidafin Whidh iR AT th 8K (sSuSGha oV siatber
conductive_ink placed within the hole 136 electrically conducting between

the top cohdteauidRe grepterthgndhe diametennf thetholertself iy usingrthieiregiond 46, mhichayer 134,
Thi s condugt Wl g AV r ' l: | 136, I n one
enbodi nent H%dé%glgglﬁ?%g%fgsm tﬁ\ggéé,ﬁmgfntgygﬂ B%eoggfhlg Ilog'{dﬁ%rﬁg%n%;euﬁ%l? ve' llaenk S

pl aced overeduded, thugredicirngreniofithe potettiabproblems with éhe poklingehanosdigtitet ween t he

top and the tto tjons.of. the substrate,. interconnecting the top and
bOP tom c OnH]lJJ(C ??%e Eggg{u_s%ates the sﬁuaplon 1sn wsch a conduct?veemk layer 150 1s t%rmed P
on one side of the substrate 152. A hole 154 is formed within the substrate 152, and
thereafter another ponductivé 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 altemative embodiment, the conductive method of the present invention



13 SEP 2004 In one enbodinent, it is inportant to keep the I en so
that it can allow for plating wiwthin the hole.: 136 with a mﬁ-ﬁ%@)f

~conductive material, as described above. Figures 9-10 illustrate the
situation wherein the ink is placed within the hole after the top and

bott om conductive | ayer on the substrate are forned. Figures 11 A and 11B,
i1 ustrat @engrilss hé kiggddron in which the formng of the conductive ink within
the hole is part of the form ng of one of the conductive |ayers on top of
the substrate.l.A pd¥positing a dicstldyen onh dgessubgraten thetshert tayackantbieeithérnk from
this desi . on top of the substrate wll flow through the hole too
nmuch, anﬁ§}1§%o§$3g§egweﬁfg.n t he backing or conpletely fill the hole, thus
preventing the, effelb?bsiﬁng)d SgindtedbBing febigr BysklA i |l ustrates a design for
printing a portion_of the conductive ink |layer on a substrate around a
previ ousl y- f orfred Difgputingscondpctive seeddayeasuch faat Higrseed epersentagss thet i ng has a
region t i i . | east a portion of the hole region
140. In {L%?gt(ﬂ%)%(lztnh{ﬁﬁght eceg\é%tggrft%@ﬁﬁ%n?qgﬂ%thner dianeter 144 that is within
the di ameter & th&ldhiogéhelsdd] lagw. t hat some ink will flowinto the hole.
However, the ink does not extend into the inner region 146 of the hole. The
design 142 has an outer dianeter 148 which is greater than the dianeter of
the hol e 140. InMekier hlfeatativOEhBbIGA, GhdBetBodr tHePhds ivanit Shpkilie T 1 ow of
the ink is such that the dianeter 144 could be greater than the dianeter
of the hdhes®¥RsQLi . By using the region.146, which is not screen-printed
into the hole,; the : i V| i hol e can be reduced,

t hus reduci ng 1'soma of1 easg%tﬂ]leerrlk'ltﬁ}mgllra&ﬁbo ﬂngﬁlsn&f\?hh%%ﬁtl es'pool ing of the
conductive iR@gk. FDgpestingkBonductietseat leger bintheSAl sl ioftheisubstdatec ITha conducti ve

ink layer 150 .is.forped . on_one sj of the suybstrate 152. A hole 154 is
f or ned V\ACP‘?{PﬁtteﬂluE cgﬂ’géf?%&oeaui’%’z‘?lf %&ﬁ’w ‘E%tgﬁf‘gé?”agﬁ%‘ﬁh%?’la%onducti ve ink
| ayer 1.56 |s3usedDeﬁr&mﬁa§weaM§&meshmIfa}JelaMﬂha TNt subamwl, ow into the

sides of the hole 154 and can contact the other conductive 1nk [ayer 150.
Fi gur es TeaKingrqntactnvith thg seaddevsr threugh e wids. a backi ng el ement 160 in the

screen printiyhg o . : cking 160 has, a cavity 164.
This cavity 164 al Sé\c/ls}ﬁm%ﬁﬁ%ggésﬁ (t)&'g(%)%Fggfth?gllec’%lgﬁrg%%% a’thséd'scavi ty 164.
Because of thé. cavPkiind®é seddigyepool ed ink w Il not contact the substrate

162 or anot her, supstrate.that. uses the sane, backjng. |f the backing did
not have a ca@f‘? )?g(iv@ ‘%W%‘erﬁ%@%%?fﬁ@%%‘y' atdditienah 3re 9f of ¢ he

hol es  amdpleieiRing MRARVRAb are AEnOW LM s&if@%ffh@}p?es@:{t iRRn Al Whigna!
substrate. The substrate 162 in Figure 12B illustrates the formng of a

conduct i Webq HRited ondpby the appended deimst i ve enbodi ment, the conductive met hod
of the present invention 9

D]

10



13 SEP 2004 conprises the steps of |I. Depositing a short |ayer on the
substrate. The short layer can be either continuous or segnentfe§. §EP 2004
Depositing a segnented plating resister layer. 3. Depositing a conductive
seed | ayer such that the seed | ayer contacts the short |ayer through the
segnented plating resist. 4. Plating the seed layer. In another alternative
enbodi nent, the nmethod of the present invention conprises the steps of 1.

Drilling vias in the substrate in the path of the coil turns. 2. Depositing
a conductive seed layer on the "A" sClpmsf the substrate. The coil pattern
is configur 4 allowink to flow down the side walls of the vias. 3.

Depositing a conductive short |ayer on the "B" side of the substrate,

maki ng contact with the seed | ayer through the vias. 4. Depositing plating
resist ink fo mask tEﬁ short | ayer on the "B" side. 5. Plating the seed

| ayer. The bﬂo{ﬂﬁ&lﬂ‘ég RE 8 RiF anfeang, COPRIYRE exenpl ary only. Additional ways

of inplementi nq,r(g‘};ﬁnj%ggﬁ;ggrgt@qh}@ﬂe done wthin the scope of the present
invention, which is o be limted only by the appended clains. 10 13 SEP

2004 O ai s W dpmiipg a seed lypearHopl obthe Sehstvata ép arenREnaeeibpattarn; conpri si ng:

provi ding a sub . faor |. r on top of the substrate
in an antenna c%@pﬁﬁggﬁiaal %lgormﬂega(grﬁgsgﬁe%?ﬁl}é@%% short | ayer across the
coi |l pattern; usiing thehsbecaicelethnitdejer whaddctroplaty @rcohductveclaydr opérait &ast paanduct i ve

| ayer over %t | east paﬁt of the antenna coil pattern; and renoving the
el ectri cal - SHbs tntgnge goll pafternyand net hod of Claim | wherein the seed | ayer

conpri ses a condugbiiNEtht BlectidM@hort fiyerThe method of C aim 2 wherein the
conductive ink layer 1s cured.

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



4. The nmethod of Claim 1l wherein a non-conductive |ayer is fornmed over top
of the electrical-short layer before the electroplating stefl 35§FRe004
met hod of Claim1 wherein the renoving step conprises using a solvent to
remove the electrical-short layer, 6. The nethod of Claiml| wherein the

el ectrical -short layer is differentially renovable fromthe seed |layer. 7.
The nmethod of Claiml wherein the electrical-short |ayer conprises a line
across onattachgta condietivé ol edétal PRhiIeK the Bndubhee R0 Bhe SdSdfhd furt her
conprising formng at | east one hole in the substrate Ilayer. 9. The nethod
of cl ai m 8tk eRoleonmprising on a first side of the substrate layer, 11 13
SEP 2004 attaching a conductive foil material such that the conductive foi
covers one side of the at |east one hole. 10. The method of claim9

wher ei n t e Tdeackthalydrclaim Savhdreiashe spad tayadl iyt leha padially placédiatoathe at east one
hol e. 11. Aq RF qntenna conprising: a substrate |ayer; a seed |layer on top
of the su5§§f§Fg°Fh an antenna coil pattern; a conductive |ayer over
portions of the antenna coil pattern, wherein the antenna has a renoved
short region across the cqil pattern, the renmoved short region conprising

a porti onlbfAr RE2afewy compEsingiot covered by the conductive layer or
conprising a pRLpkeRe Rler t he seed layer wherein the conductive layer is
thinner than the remai hing portions. 12. The RF antenna of C aim 11 wherein
t he renoved shaseed laygi @rtop ntthe sebstratd jreaeantenng ewt patas; on t he ant enna coi |
pattern. 13. Th ntenna freguen antenna.of Claim1l wherein the seed
| ayer conprise$ 8%55%113? ttlaa “CORAEE ?Vé’?%/l}ﬂ?nfe&@‘e?o.ﬂ pfg?mﬂ*ﬁléerﬁfﬂ}era@&ﬂ%cy ant enna
of O ai m Hdk awbeoeidshérdfeglonmEresths bal patte@Qihe RerfieRP shéiERgion ch@phisign of the
seed | ayer nqt covergﬂgq¥ conductive materjal. 15. The RF frequency antenna
of O ai m dBCHpRPtEhssepdiaver apirPRICE GG condyftoR [BvsHAT sompEsing a erion oh of t he

seed | ayefhe WaANSjeP whiiSinGRNEINEEdHVE 1dyaYiS thiter Bk ﬂﬁqg‘,méiﬁi%@ pBHi%n§.enHi ni ng
portions of the ‘conductive |ayer.

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 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.

12



16. The RF frequency antenna of Cl aim 15 wherein the renoved srarﬁgzegzan
includes a single electroplated |ayer while the remaini ng portMo f &
conductive layer conprise two electroplated |ayers. 12 13 SEP 2004 17, A
met hod of form ng an RF antenna, conprising: providing a substrate;
formng one or nore holes in the substrate; formng at |east one conductive
ink | ayer on at |east one side of the substrate the at |east one
conductive ink layer form ng an antenna coil pattern, the at |east one
conductive ink layer extending into the one or nore holes; formng an

el ectrically conductive |ayer over the at | east one conductive ink |ayer;
wherein an electrically conductive path is provided through the one or nore
hol es. 1847 The, pRUAY ﬁ%mﬁﬁ%&qhig JRATIAN ﬁﬁﬁ nprising placing a conductive
foil material "suc tﬁa. t e conducti’ve toll"substantially covers at |east
one sides of aprovidisgtasubstratef the holes. 19. The nethod of clai m 18,
wherei n an eleptrical i_nter connec ing the conductive foil |ayer

[ inclu
i nterconnects crreaiote & &S Oéesd#htf&flﬁﬂ?edes of the substrate. 20. The

met hod of cl ai fariing atlesst Ghdconde:tio inkheyce maluedst M sidalof liRyebsthRithd Ng  step

is such that the conductive ink |ayer does not fill at |east one or nore
hol es. 13at least one conductive ink layer forrhing an antenna coil pattern, the at least one

conductive ink layer extending into the one or more holes;
forming an electrically conductive layer over the at least one conductive ink layer;

wherein an electrically conductive path is provided through the one or more holes.
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 one of the conductive ink layer forming

step is such that the conductive ink layer does not fill at least one or more holes.
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