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| nks Background of the Invention The present invention relates to nethods

of manufacture of flexible circuits used in 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 radiate energies in the radio frequency range. Typically, the
antenna is optimzed to transnmt and receive energy in a relatively narrow
portion of the radio frequency range. Radio frequency antennae are used in
a nunber of different areas including inventory control. Oten the radio
frequency antenna is connected to an integrated circuit. The integrated

circuit receivadethodfor\Fol miry Radie Feajuency!Ahtenn AUSME Acndubdie: MREr gy With an
identification pattern stored in the integrated circuit, and then

retransmts the nodul at ed

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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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.
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and apparatus of formng a flexible circuit for use as a radi o frequency
antenna whi ch uses a tenporary electrical-short layer. In one enbodi nent
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Thi's radip a substrf%J eang%duc%v%r}gl? Ialy&p {n tgle Yorm of an antenna coil, and a conductive
electroplate layer on top of the conductive ink layer, with the conductive electroplate
layer having a removed short region. The removed short region comprises a portion of
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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ink does not completely fill the hole so as to allow space for the more highly conductive
plating material.

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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conductive ink layers can be forned before the hole-formng step, or
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connect between the two sides of the substrate. In a preferred enbodi nent,
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Dr awi ng 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 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.
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Figure | is a diagramof a prior art radio frequency antenna. [
diagramillustrating the construction of the radio frequency amgr‘:ngomm

the present invention using an electrical-short layer. Figure 3 is a detail
of a top view of the electrical-short |ayer placed on top of the |oops of
the conductive ink coil pattern of one enbodi nent of the present invention.
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Il ustratingpdthag. construction of one enbodi nent of the radi o frequency
antenna according to Figures 7A-7C. Figures 9A-9C illustrate details of a
crooss-secti onal Nguesy l24rand h2B ithistaseitho iscorfe backidpdatemal twithfa daity ir @sent

I nventi on. P.2004 Figures 10A- 10C illustrate a top view for the
‘Cross-sect iegir?]bgﬁﬁ{'/e%g%tﬁ%weﬁn@ V%@“’@A 9C. Figure 11A illustrates a top view
of a printing design for one enbodi nent of the present invention. Figure
11 Billustrates the conductive ink layers forned on two sides of the
substrate. Figures 12A and 12B illustrate the use of a backing materi al

with a cavity in one D@&pg gﬁ%ﬁgﬁ of iR MefstRte by diRe, PN Detailed
Description of the Prefterre odiment Figure 2 1S a top view of a radio
frequency ant enligu)? fsei tog viewns auradio fequeycy dtennadd heidg ednsangedbpddi nent  of
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el ectri cal 4ncludes a conductive ink pattern 42 formed in a coil on the substrate 44. An electrical-

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 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



short layer 46 is formed over top of the conductive ink coih@ﬂggza nd
preferably a non- conductive plating resist is fornmed over r *“The
el ectrical -short |ayer 46 ensures that points 48, 50 and 52 on the
conductive ink pattern 42 wll have relatively simlar voltages during the
el ectropl ating process. This nmeans all |ocations on the conductive ink

pattern NHp t I Thus ¢ | ar s _of the present
i nventi o;& dg% :riél\b\%s)ﬁfcglreﬁg?t %‘gn %c?ﬁl\?gﬁégﬁgélger %lf‘) %?atégli?oé@ga ero%tt BPF#ent
t hi cknessmentiai bidpii the sonsfrudtior of adhitormly tipkelecirosatt eyea thul evedng of the

el ectricg] -short |ayer, 46 allows for the use of a thinner and/or narrower
co_nducti%\eﬁeﬁﬁt@wrﬂ%gﬁ?éf%@@ktance of the conductive ink layer during
the el ectroplpahge PIOLRES IS ndRlo %?F'ggpé)%_tant of a factor because the

el ectrical -shg:?% | ayer is uggg. nTyp} cally it is desired to m'nimze the

resi stance of Figugesr d4H4B dre erpsesestionah tviavwsalllustratidg she abiseugioapdrdny of radi o

frequenc e.Ls t ave a relatively high .actor., T Q factor for
an ant engatouBRARae s o BRERR, LR oY Brtrerl dnyealifs. i Fiewp g
| npedanceondieive Beg RgsrySO fordkd bhaop FaBARERIAS 2/ PIHE Md YrefordenCt i On of

t he desi re% i%perati ng frequency and geonetry and is typically fixed. Thus,
to produ&Bbgdifiegl, the subsirateqi is A figxihls subsyatevdishsallows dhegonstrstediadiona shoul d

be kept %%qﬁéﬂ%&!lanﬁzﬁmpﬂ)sﬁénm €onel g)%ai'fplérsf’lgﬁlc&ﬁ?et sgdb%tﬁété nﬂ?ﬁigi gﬂicg;o have a

: L 1
relatively ‘thick conductive net ayer formn e col 8Ep 2004 of
t he radi suifablegforwseywitirtheprasent ientios és Mf/lat®epalyett fim &onsRdr DuPayer of the

niformy. thick

present LiRventio I ds. in_the constructiqgn of a .
el ect rop|d8?‘\e{"“1°a“§/seﬁ?’ﬁ?‘ﬂl%°“r8 ﬁﬁ’dﬂuﬁtwg SF%@P%‘-T&%%%%@ ipgiRil REeRe Q fact or.
Fi gure 3 sheviowilieteapdct E@fFi%':hr@@ BBovenIndineehbafinert of thOpte Rt Hierfton3he
cross-sectional views illustrating the construction of one enbodi nent of

1

the radi 6°ruelFshedlaysoR siropductineink layew ke condaptivednk layer cPuldbe@f 4A, a
conduct i yg ok fint g’%% . B2 4 n the
preferred t}éﬁggﬁﬂl %eﬁﬁg ?&?heﬁgrudggtﬁ? gltEe}% i SC% ?o}?@ﬁ%ﬁ%ﬁé%ﬁ%ﬁg “whi ch
al | ows t He degigealshere thyemuniporiall fetjufornogd awet domeaf the coid pdtters®, Fkanpl e of a

1L U AL, T T ol i R AR INED 5, e
Engelhard Corporation Iselin NJ. An additional insulating layer 56 is preferably formed ‘
on top of the electrical-short layer 54. The ‘insﬁlating 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 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



de Nenours, WI m ngton, DE. A conductive seed layer 50 is for ds'E'n azﬁﬁhrl
pattern shown with respect to Figure 2 above. I'n one enbodi t Pt
present invention, the conductive seed |ayer 50 is a conductive ink |ayer.
The conductive ink |layer could be of the type such as EnTouchTM EN- 079
from Engel hard Corporation Iselin NJ In Figure 4B, the electrical-short

| ayer mat errembvedhftethd QeciBpladue Fi Bdholvs &n §fichal Raditi®aNstgPef 2K8&nd
el ectrical qihort i.nk, | ayer could be of the type such as EnTouchTM EN- 081

from Engel $ESaPledrg g itichhn 3dditionnl elgrtroplatedaigr 69 ifarmadmsppef thg firdyer 56 is
preferably d& ocyXe | - er ‘ Lnsul ati ng

I nk | ayer couﬁgﬁ%g la%?r j{gﬁg h’? %%%aggaggh%géécé‘ﬁéf?)%%ﬁipht%ﬁgpdéﬁ ”?%*%E%r@gl har d

Cor por at i orsomgelecmopitte Fateriabtogudittd W remkvddahent lay&Qregian6be printed upon the
flexible substrate .S, kn Lpn.the priar art. In one enbodi ment, the
el ectrical - shor?ll%‘il%ﬁmgfffes gl\gpa#ﬂng E‘E’E‘eiﬁfﬁ o IaSREY FiB2hIuePd FERent i al | y
renovabl e (thometwampbae sabsddkentiof iR feleNeRbenidal NoRahitthid 3k reesdlo! aver is

i npervious to) fromthe conductive ink material. Figure 4C i1llustrates the

resul ts of faqucnsy satepppinalufergelectioplaigdi conper nodings J0i b thesmell sm®edi s f or med
over top of | ls e . ' hAg.laver 5

preferably e%)%cé‘@%ﬁ? %qgﬁt]%?ég%étlérgégt g%éegopglgcgy g-15‘1?( oIa %}gﬁrymﬁénegpoﬁs ? ‘%ng as the

el ectri cal rghewed shatregion Thenmins delativielyehinatie totdl Sncresqairresi ettuidalcyusad by

I nexpensi ve_ et al erial,. Ln one. e diytent of the present inyention,

t he conduc ﬁngmP%iﬁggg%?g}og 73’&‘8@ M@F t‘t‘gﬁ%é rﬁ%‘}cﬁ ths t@'iﬁrrémﬁfﬁ}cetoﬁ@e_mdm

el ectri cal fishanby ardenan is?4iudtths b Rult Bt AbidMfebtAd SlecRDIAIE of Bk gie%?d anay.

The stripping can be done using a solvent, ashing, réactive gas or any
ot.her met h&¥enR-an al ternate enbodi nent of the present invention, the

el ectrical - shor; | . e f,. Lc foll I ch coul d be
attached to thei?%@;ﬁ% é?‘ﬁ‘g cg%(t:lﬁltg%g#{ﬁ%&&%eg@%gm%%?tb%%@eg&lngfl\f,@@‘ e _

el ect r opl afiepd0, Hflerible subkradis\peovided obt $ten 8, aadiliahteaRattsindpf@hedosecond

el ectropl at;i ng, i.n which an additiopnal_electroplate |ayer 60 is formed on
‘top of theh’fel sggftrateeﬁv'él&[}ﬂg(‘}ﬁ‘i“ﬁ‘l“g"q 'eﬁl Hep g%ﬁﬁf %&3%"8 g rurehens¥ieng

el ect r opl age, st qticl-tatlayer isblrfSovePs porsie Bt Bk 86 Fﬁ&h@tﬁarﬁéﬁ k@l to go

into the renpved short |ayer region 62. Figure 5 illustrates a detail of
the for medRaefigenty Bg gestacal-sharblayes ipfosmed el fferentially panonsblesdndictivne

enb_Odi ment i @f §ﬁp @é,%%hla{iﬁﬁ/ 1‘?19& kOB rmddQder &Q%fectggzﬁzshgljt la Qr(.a Iltlgg:ip%O,

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 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



frequency antenna includes el ectroplated copper portions ﬂ g? gtmall
renoved el ectrode portion 72 consists of the conductive i 13 B@

itself. As long as the renobved short region 72 renmains relatively thin,
the total increased resistance caused by the renoved short region 72 will
not be too high. In fact, the total resistance of the radio frequency

ant enna '&tb@ﬁé&ﬁ%e@ﬁet@eénep‘éﬂéflz%dtlfk? N £ QERORINEE] BRLEABAL ng Of the

present invention. Figure 6 is a flow chart at’i ng- one enbodi nent of
t he presdfim anglseirapdated ¢qmdu<$lve|lﬁy8109n tap bf dx coriductveeisk cat patiem. pr ovi ded. I n
Step 82, a coi raje with the
conducti ve i nl}lhel%ﬁhé?cgﬁe m? %al38%]&3&‘?5\}5&11%{?5%@6@&%{] hofeﬁ ugdd8 g6, an

el ect r i cadonsdeobatwbeayas cindudios BRE: [06ehd theR6)S didDT (RS 1M GVstratP@bG.ETN. I N a
preferred enbodinment, the electrical-short layer is formed of

differentially rermvabl e conductive ink. In Step 88, an insulating |ayer

i's formed overpihhes SASE LieCabssSBRohall AYFE 11 ds&atggetﬂe nstrubfash §F Gt ropl ating

is done to form a con?qjctlve el ectro‘ﬁate ayer ﬁe conduc {lve i nk
| ayer. | rSYS@reﬁlms TR eC eFlgmBISAaﬁmstrsﬂamﬁme ﬂemjobrsuhstﬂta I‘E)ulhaFigﬂg gmyer are

(rafgg;“ra?cawe Eorfs ﬁo%g‘{ ﬁlgl eﬁféfﬁ %‘gf ﬁ)é‘vg tF‘%Qﬁ%tscégggg?%P‘t‘tgﬁff@Et the cured

conduct i imatériet 108Vie conrBe®@p t94hd ﬁlb@t'ﬂat@ﬂbo onlons @EMBEimeRI, aCidnaRREI Ng St ep.
Figures 7A-7C illustrate another embodi ment of the present invention. In

Fi gure Pahesiyerl0g canfedised todiojdshemetaifoil saferial/i0§deithe sistate 102 Bigete 104 ar e
punched '8@1 sﬁo@% witEohb %rﬁiucﬂéqgﬁ Fndfefia b Skl E%Qé)tha h%jbﬂ% Rimbloure 78, a

conductive foil 106 IS attached over holes 11 gures 7A and 7B
are showslasirical sintest $0thetho Shunh €04 | Bhei diéctricallp sonduttive itk Ghatdraleasiip top. In

Figure 7 X LS fli dto he .ot her side 100b.
In this °B’ém?ﬁ’8%8£eb‘&§cf‘ugzﬁﬁtﬂw“ﬁ% &S ‘i‘lténafypd‘g ngnpHiqd igk ARt The shunt
106 on  giaAldlel CRane fenitoinidne tidilse oSMb ShindhifowkQfe AkisAUG: 6ffm€?éan&éhﬂa pads 112
and 114 can be adjacent to one another for easy connection to the

i nt egr at &YPETefeE Wh(qh@)m T it S3asile)to umye nosirplefed edndustiviednk lfamrl Tseunt 106,
the | oopgn@it alsh QGRS for H’%tctoﬁ&&nQQargé}ﬁi féﬁﬂéﬁ%&ﬂ%ﬁﬂq’@ d%'?ltb% ne&ad 7 13 SEP

2004 not be .positioned between pa & AN et ropl ati ng
st ep can tizesuligirate lager, aidnvnngforalthwkar@ph&tl@dttmndiumtd etﬂadd&mit dly 40op of the
conduct | \sll%gienﬁ(olg 95' lllseHatCSne example of this embodinient is & 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 substrafe 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.



The conductive ink material easily flows inside relatively I I sed
to connect between the conductive shunt 106 and-the top si 1’305[{?@260#

flexible substrate 100. Figures 8A 8D are cross-sectional views
illustrating the construction of the system Figures 7A-7C. Figure 8A
illustrates the flexible substrate 100. In Figure 8B, a hole 102 is fornmed

in the fl exhlhe emibbdiitent, ¢ it @Bportant foi lgus hedible T3 pER BEIGE it ¢on SiRiv format eri al
106 i s conn ct ed ‘t&@%he substrate 100. I n one enbodi ment, a conducti ve

adhesi ve 10H3RgHI g Befe 43P Wish ymopechighly gandpcsivie matqriah,ias Hespbed:aboyd e
substrate 100 Figdsd.1 3 BudeifiouaitnlWheldifns BRAGAAS M RISLAR! 110

whi ch enters the e 102 to forman electrical ontac shunt
106. The eltheiop pedbdtiprocenduntive lagerion thersabsiateadre fommid. yantﬁfem\H\ amat BB, he hol e

102. Not t f h | I nt
f easi bl ee I%ri:ﬁj}g éesg}h%sbtg?tf%gﬁ‘?wgi ﬁﬂ]ejglg}ll eecrégn & de) %«‘:"lﬁ?’gg’&?t ance of

t he ant ennaf the fhmineeeROMAE chndudiveBi®s bh té;ﬁ@ﬂh@'sﬁbsthﬁteusﬁ Rsdial- pl at ed
conductive jnk layer. The shunt also allows for the conductive antenna

coi | pat t erdisadypniige isthatthe sondeitye sk Hem this desigreplaced onrten of thagubstratal | owi ng
(o0 e KAl 0B orth ABhUE LA midh, AASHENIRY IR e pORNG & coRplU ROl © 1S

used. One exanple o s € _
capaci t or ithe hdle thusmeveating thayfective plaiingstep. rEgumnlaaHMaﬁmaemmoe of the
uctive shunt on

conducti ve _i.n rintin i ch,does n uire a con

one side of" Fﬁ3P§ﬁB@W¥ t%@‘ﬁn%ﬁ “HHQEWH°F §H§%?mfﬁmﬂgﬁﬁﬁé@“ y-med 0 gure 9A
shows the swlegus.amethibIRsapithdowerlstied prafing Ued b Y&t ¥hat &)é@ﬁot%?&l&nn@ first
side and a second conductive ink | ayer 134 on the second ayer Figure 1

OA shows a!? 8plegstepastion phiherholestegien ddactlm this pxﬁmnlgsl@rdeam haha inxige
bst r at 136 i s f d
substrate &%eb&@%ﬁgﬂs%e | rs@roftg . fidl $40 ?ME@;J S}el ok, Iﬁ]i w%('glzrsor”e

t h=ough the substrate a second con Thi s
hol e 136 |@@Tﬂb%rﬁmwc\tcheh@mkslssssmb}'ttmdalhtwthemeﬂ‘regibgUl#@o%e acld. The top

vi ew of Fi ure ure,9C s t he conductiye |nk ced wthin the
hol e 136 l}llggéalsIwgﬁtgﬁﬂﬁ‘gﬁiﬂ%\gﬁv&f%@ﬂe? éﬁ"r"t% ﬁ‘ﬁ‘i’?ﬂtﬁ %hq Hié% ayer 132
and t he bomommammdmmkudnaa%mﬁaﬁ flobdfIheiAR BUGEH 18t thoMialna¥er W cks
around the side of the hole 136. In one enbodi.nent, no backing is used,

and a pad d&htouldhegestertbandhs diamptenofihs holsitsels Byousing thewegiond 46fwhidle si de of
the hol e. Tshl?ot'sgxl@eﬁPﬁﬂte&"lﬁg%é)ﬁ&lﬁgﬁgaﬁgﬁlt bot{}&v}d@& &Qgﬁtﬂﬁéeogé'ons of

t he substrate, intefconnecting t top and om conductive” pa
reduced, thus reducing some of the potential problems with the pooling of the conductive

ink. Figure 1 I.B illu_strates 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 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  aiipliiei#ingARALvAAbO ade AW RSN ssopb St 1hdbeesiit idfindsd Hianal
substrate. The substrate 162
to be limited only by the appended claims.

D]
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in Figure 12B illustrates the form ng of a conductive |layer 168. In an

al ternative enbodi ment, the conductive method of the present |r1\/§nSE)P 2004
SEP 2004 conprises the steps of |I. Depositing a short |ayer on the
substrate. The short |ayer can be either continuous or segnented. 2.
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 ment, the method of the presenCldimgenti on conprises the steps of 1.
Drilling vi i the substrate in the path of the coil turns. 2. Depositing
a conductive seed |layer on the "A" side of the substrate. The coil pattern
is configured to allowink to fl ow down the side walls of the vias. 3.
Deposi ting g cg\g}dhgﬁt%%e short layer on the "B" side of the substrate,

meki ng cont act O WENER &Y N PEPDG RPBRIGYH & he vias. 4. Depositing plating
resist ink to masvidifga shRhhteia¥er on the "B" side. 5. Plating the seed

| ayer. The abové description is nmeant to be exenplary only. Additional ways
of i npl ement i ndomyag # prpd tayieom tap ef te sebstupte firi an antemns caibeattefn; t he pr esent

i nvention, whichi b h ended clainms. 10 13 SEP
2004 Cdainms W ??ﬂglﬁnrﬁ &%1&%1‘]’@1&9Eﬂ?(%ﬁg}(’)e?%%?%ﬂ%%mleﬁ% >ant enna, conpri sing:
provi di ng a subssingtie di@yeal-shbnilayent dectregae hayaductve taap ooér dt hastpahst r at e

in an anten coi | attern;
She Shtennl 0015 pattern; and

removing the electrical-short layer.
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



formng an electrical-short |ayer across the coil pattern; usjng the

el ectrical -short layer to electroplate a conductive |ayer ovéf 3a8EPa%@04
part of the antenna coil pattern; and renoving the electrical-short layer.
2. The nethod of Claiml wherein the seed | ayer conprises a conductive ink
| ayer. 3. The nethod of Claim2 wherein the conductive ink |ayer is cured.
4. The nmethod of Claim1l wherein a non-conductive |ayer is forned over top
of the eheshingaadondiledtd foilayatiabaicaniat Hreorlirald Rl Sli®&of the The

met hod of Claim 1 wherein the renoving step conprises using a solvent to
remove t hétlgsstershadal - short Iayer, 6. The method of ClaimI wherein the
electrical-short layer is differentially renovable fromthe seed |ayer. 7.
The nethod of Claim1 wherein the electrical-short |ayer conprises a |line
acr oss oné0. Beaondtlonl dfcldithe whdréin piat tced tayeBis alleest pettiatiyl platedcinti the bt f ur t her
conprisin ftor 1 at | east one hole in the substrate |ayer. 9. The nethod
of claim aft?in?h@?' conprising on a first side of the substrate |layer, 11 13
SEP 2004 attaching a conductive foil material such that the conductive foil
covers one side of the at |east one hole. 10. The nethod of claim?9

wher ei n t hb ATbRE 2tgRNSCOMBIIYAE:| east partially placed into the at |east one
hole. 11. An REABLAOMAGCOMPrising: a substrate layer; a seed layer on top
of the substrate in an” ahtenna coil pattern; a conductive |ayer over
portions of theseadiayanen topifthpsibistrate in adret@nacdihmttamt enna  has a renoved

short region agro h oi | palter t he remaved short .regi op conpri sing
a portion of t %onsﬁgceu efa yreorveﬁg(frh%%\?z eIt B0k p@ﬂﬁﬂu‘%ﬁr‘?}%ﬁ%ﬁ&m%r
conpri si nhasa rpbtdda@horofegioherosetiel cdibyernhe r@hdvetl RRorERBIdH ehinpssingayer i s

t hi nner than .the remajnin ortions,
a portion of ﬂge seed layer %otpcovere by the conductive layer or comprising 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 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.
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12. The RF antenna of Claim 11 wherein the renoved short regiogaigﬁgpﬁ2604
adj acent sections on the antenna coil pattern. 13. The RF anteMn

frequency antenna of Claim 11 wherein the seed | ayer conprises a cured
conductive ink layer. 14. The RF frequency antenna of Claim 11 wherein the
removed short region conprises a portion of the seed |ayer not covered by
conductive material. 15. The RF frequency antenna of Claim 11l wherein the
renoved short region conprises a portion of the seed | ayer wherein the
conductive layer is thinner than the remaining portions of the conductive
| ayer. 16. The RF frequency antenna of Cl aim 15 wherein the renoved short
region includes a single electroplated |ayer while the remaining portions
of the copguct} i oplated layers. 12 13 SEP 2004
17, A nethod o Kfe(t)ﬂroran'%ﬁgo an é%'fg %ﬁ%né%,cglggﬁ%# 'sing: providing a substrate;

f or mi ng one orpmvdimghchbsiraien t he substrate; forming at | east one conductive
ink | ayer on at | east one sidi Q strate the at |east one

f .t he su
conductive ink°F§?§PHF8FﬁPﬁ6w ! HF@HW%ﬁf%iI pattern, the at |east one

conduct i ve i nkfolrag bt least emdiondudting thkilfer 6Me: 1edst ciR'sticBliRSubdh@tethe1g an
electricallé conductive |layer over the at |east _one conductive ink |ayer;
wher ei n a#f '&pstOpF iCB%FluICf}V‘bBKFd]GE?ri foenigaran néengr s0il getternnihs gjieashanone or nore

hol es. 18¢qnilGivaBiRskr Qhtehidid Molthe dnllbf ABFe HoRAPT | Sing placing a conductive
hat t [ ol

foil material such ‘the” conductive il substantially covers at | east
one sides of aforthisgen elostecally ceddactivh ddyersaveritBe aflibast enetchupdicidfe gt layan 18,

wherein an, electrical interconnect .i ncludi t conductive foil |ayer
i nt er conn¥RF L&D re!teﬁﬁcal Ceol?gﬁ‘gg’e 8 ﬁ&ﬁﬁrﬂvﬁf%@o%?%%@egﬂ Bt léoﬁ"ég: 20. The
met hod of claim 17, wherein one of the conductive ink layer formng step

i's such that tge conngiiy?_ink | ayer does, not fill at | east one or nore
hol es. 13 18. The method of claim 17, er 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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