' 75¢033e~9
REPLACEMENT SHEET RADI O FREQUENCY | DENTI FI CATI.ON TAG FI ELFBH%_% l_l‘){g\/%]ﬂl ON

This invention relates to the field of radio frequency (R
specifically, the invention##l ates to an inproved“gmall pize QW rncf ,/
tag that -transnmits rrultlple'bl_ts of information. BACKGRQJ\IDO: THE

I NVENTI ON I n general , CRADIGTHREQUBNCAEDENT O ATRIONTAT ed &7 ot L
~ boards or flexible substrates. Printed circuit boards include materiadls

. | i ke epoxy-resin or epoxy-glass boards. One generic class on which these
| circuits are manufactured is FR4A. Alternatively flexible substrates, also

ccalled "flex”, _include str opper - on pol yi mi de. These circuits
_are.gener al I(ﬁ@é&j 3 w%wg}l‘é&}l@nsuner el ectroni cs, and

This invention relates to the ficld of radio frequency (RF) tagging. More specif-
ically, the invention relates to an improved small size, low cost RF tag that
transmits multiple bits of information.

BACKGROUND OF THE INVENTION

In general, circuitry is manufactured on hard printed.-circuit boards or flexible
substrates. Printed circuit boards include materials like epoxy-resin or epoxy-
glass boards. One generic class on which these circuits are manufactured is FR4.
Alternatively flexible substrates, also called “flex”, include structures of copper
on polyimide. These circuits arc generally used in automobiles, consumer clec-
tronics, and general interconnections.

A well known technology for attaching scmiconductor circuits, or “chips” to the
circuit board or flex structures is called wirebonding. Wire bonds are made from
“small diameter wires in the range of 25 microns in diameter and are very short.
Generally the wire bonds arc.on the order of | millimeter (mm) in length. These
wire bonds are normally kept short for scveral rcasons:

[. The small diamcter of the wire makes it very weak.

2. In typical circuits many bonds arc madc and longer lengths would make the
conncctions more pronc to clectrical shorting. -

3. Longer lengths of the wircs increase scIf and mutual inductance which degrade
the clectrical performance of the circuit.

Radio Frequency Identification (RF 1D) is just onc of many identification tech-
nologics for identifying objects. The heart of the RFF D system lics in an infor-
mation carrying tag. The tag [unctions in responsc to a coded RF signal received
from a basc station. The lag rcflects the incident RF carrier back to the basc
station. Information is transfcrred as the reflected signal is modulated by the tag
according to its programmecd information protocol.

The tag consists of a semiconductor chip having RF circuits, logic, and memory.
‘The tag also has an antenna, often a collection of discrele components, capacitors
and diodes, for cxample, ‘a ballery in the casc ol aclive tags, a substrate for
mounting thc components, interconncctions between components, and a means
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The antennas are generally loops of wirc soldered to the circuit card or consist
of mctal elched or plated on a circuit card. The wholc asscmbly may be enclosed
in a plastic box or molded into a thrcc dimensional plastic package.

| general interconnections. A well knovvn t echnol ogy for attaghi-hg l

While the application of RF ID technology is not as widespread as other [D
technologies, barcodc for example, RF 1D is on its way to becoming a pervasive
technology in some areas, notably vehicle identification.

: S
Growth in RF ID has becn inhibited by the abscnce of infrastructure for manu-
facturing the tags, the high cost of tags, the bulkiness of most of thec tags, prob-
lems of tag scnsitivity and range, and the neced for the simultancous reading of
multiple numbers of tags. A typical tag costs in the $5 to $10 range. Companies
have focused on nichc applications. Somec prior art is used to identify railway
boxcars. RF tags arc now used in thc automatic Ltoll industry, e.g. on thruway
and bridge tolls. RF tags are being tested for uses as contactless fare cards for
buses. Employce identification badges and sccurity badges have been produced.
Animal identification tags are also commercially available as are RF ID systems
for tracking componcents in manufacluring Processcs.

One limitation of making RF tags madc from PC boards or flex is that the flex
or boards must be manufactured first. For very high volumes of tags (greater
than onc hundred million tags) new factorics must be built to accommodate the
capacity nccded for board or flex production to mcct lag demand. Further, RF
tags made from these technologics arc too expensive for many applications. For
example, bar codes arc a technology that is used for identification at a much
lower cost than cxisting RF tagging technology.

OBJECTS OF THE INVENTION
An objcct of Lhis invention is an im proved radio frequency identification tag.

An objecl of this invention is an improved, low cost radio frequency identification
tag that is madc from commodity matcrials. :

Another object of this invention is an improved radio lrequency identification tag
that can be manufactured in very large quantitices.
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for identi fying objects. The heart of the RF ID systemlies i
I nformation carrying tag. The tag functions in response to a
signal received froma base station. REPLACEMVENT SHEET 2
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reflects the incident RF carrier back to the base station. Information is

transferred oAk N4 ROF I@ﬁtfﬂ,ﬁ #Nfll(ﬁﬂ’j“l ated by the tag according to

its programred In orrratlon pro oco

he tag consists of a seniconductor

chip having RF circuits, logi.c, and menory. The tag al so has an antenna,
often a col Id€t PESCRY inNostioat is sonpwheiidsq feemmwocy ofRFhndg that comprises a

semiconductor circuit that has logic, memory, and radio frequency circuits. The
semiconductor is mounted on a substrate and is capable of receiving an RF signal
through an antenna that is electrically connected to the semiconductor through
connections on the semiconductor.

The antenna is novel, has a novel structure, and is constructed by a novel use of

wire bonding techniques. The antenna is onc or more wircs, each connected to
the semiconductor connections by one or two wire bonds. (In a preferred em-
bodiment, the antenna is made of a pair or plurality of pairs of wires.) The wire
bonding method and resulting structure, rathcr than having another connection
made at the end of a short wire, spools out a length of wire required by the an-
tenna design, and cuts the second end of the wirc without making any electrical
connection at the second cut end. In some preferred embodiments, the second cut
end of the wire is held in place by attaching the cut end to the substrate with
adhesive or by local heating of the substratc. In this way, the wire bonding
method is used to actually create a component of the RF tag circuit (the antenna)
not to connect two components. The resulting novel antenna structure is a long
wire connected to the circuit by a wire bond. The components of the novel RF
tag are then covercd in an organic cover that has a novel use in this type of de-
vice.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure | is an isometric drawing ol thc present invention showing one ecmbod-

' imcnt of a radio frequency tag with a singic antenna.

Figure 2 is an isometric drawmg ol the present invention showing onc embod-
iment of a radio frequency tag with multiplec antennas.

Figure 3 is an isomectric drawing of the present invention showing onc cmbad-
iment of a radio frequency tag with multiplc antennas oriented in a different di-
rection with respect to cach othcr

Figurc 4 is an isomectric drawing of onc cmbodiment of the present invention

showing a radio frequency tag with a single loop antenna.

Figurc 5 is an isomctric drawing of on¢ cmbodiment of the prcqcnt mvcntmn

showing a radio frequency tag w1th multlplc, loop antunnm
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di odes, for exanple, a battery in the case of active tags, a DSTT o gEEN
nmounti ng the conponents, interconnections between corrponents,ﬂé'ﬁ(f"gﬂ_
of physical enclosure. One variety of tag, passive tags, hasino ba tery.

They derive their energy fromthe RF signal used to interrogate the tag. In
general , RF piEu#agSis af istaiifiaclrdweth RY tHRYNREIRY ih0& dddsNb St 2 &8RS to
a circuit canfincydths with 49 l?%o&fﬁhﬂ&gﬁht g)‘ﬁrchcspl?{oht%§§s$&ngt 9%8%?0”% or
sol dered conhect aon% bet wee e board ahd the circurt erements: chip,
capacitors, diodes, antenna. The circuit card may be of epoxy-fibreglass
conposition gor ceramc. The antennas are generally | oops of wre soldered
to the circdiiButeaf & dlor ¥iesw dravwing @btke pessemlein vontipn shewingya sadip fteduenenr d.
The whol e adsgmithyasingldmopranteseal wicra cpt ast tabsizosurerlocatiatsctn titecarstenin ee
di nensi onal splthat tiee prtckaghas\dh dedtadonnpltiveadinteasiohsRF | D technol ogy is
not as w despread as other |ID technol ogies, barcode for exanple, RF IDi%
on its way tmghRCON H9of viRE YRIWIE of the present invention showing one embodiment

of a radio frequency tag with multiple antennas.

Figure 9 is a top view drawing of thc present invention showing one embodiment
of the present invention showing two tags with loop antennas on one substrate.

Figure 10 is an isometric drawing of the prcsent invention showing a radio fre-
quency tag with a single loop antenna, wherc studs secure the ends of the an-
tenna.

DETAILED DESCRIPTION OF THE INVENTION

Figure | is a drawing of a novel radio frequency tag 100 that comprises a
substrate 141, a semiconductor circuit 111, a first connection 121, a second con-
nection 122, a first wire 131 bound to the first connection 121 by a bond 131A,
and a second wire 132 bound to the second connection 122 by a bond 132A.
These components are covered by an organic cover i51 that serves as environ-
mental protection for the antenna 133 comprising wires (131, 132) and bonds
(131A, [32A), and circuit 11. '

The substratc 141 is made (rom an organic film. A preferred film is polyester also
known as mylar (Mylar is a trademark of Dupont). Another preferred film is

polyimide also known as Kapton (Kapton is a trademark of Dupont). Such ma-

terials arc used as substrates 141 and arc well known in the art.

The semiconductor circuit 111 has a memory, logic circuits, and radio frequency
(RF) circuits and in a preferred embodiment has no battery. Circuits like this
uscd for RF tags arc well known and commerciaily available. The semiconductor
circuil can be attached to the substrate by means of adhesive or reflowing the
substralc 141 by local hecating. The semiconductor also has onc or more of con-
ncctions (121 and 122.) The conncctions (121 and 122) provide an input and
output (I/O) conncction to the RF circuitry of the scmiconductor. The con-
nections 121 and 122 have an impedance that can be varied by logic in the semi-
conductor 111. When an RF signal sent to the RF tag is scnscd by a circuit in
the scmiconductor 111, a logic circuit in the secmiconductor 111 causcs the
impedance bétween the contacts to change according to some pre-programmed
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technol ogy in sone areas, notably vehicle identification. (&owttrTm RE_T D]
has been inhibited by the absence of infrastructure for RS EEERT HAS BEHE
tags, the'high cost of tags, the bul kiness of nost of the tagsf"ﬁ?b‘f\‘aﬁ ens of

tag sensitivity and range, and the need for the sinultaneocus™réading of
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i dentify raiLWRy &%ﬁg&ggeﬁﬁgga}gpé%ql how used in the automatic toll :
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“industry, e.g. ont y an tolls. RF tags are being tested for
uses as contactless fare cards for buses. K Enpl oyee identification badges :
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commer ci al | ye8eRimBf éhaR Bsignalk and gasmissionotreflecitng bgckbapohemadylated
manuf act ur i ngFpsigealss&he present invention is a novel antenna and semiconductor struc-

ture. . _

Onc preferred antenna and semiconductor structure is shown as wires. 13[ and
132 connected to connections 121 and 122 respectively. [n this embodiment the
wires are connccted by wire bonding at bond locations 131A and 132A, respec-
tively. While connecting wires with wirc bonding is well known, wire bonding
techniques are not used to created component structures of a circuit as in the
present invention. In this invention, the wirc bonding creates a novel antcnna
‘and connection structure that matches the transmission (signal reflection) and
reception requirements of the semiconductor circuit 111.

In this embodiment, each wire is connected by wire bonding techniques at one
bond connection (131A and [32A, respectively), unspooled to a specified length,
and then cut, wherc the cut end of cach wire is left unconnected. The cut can
be performed by any well known method including knife blade (swedge,
guillotine), mechanical chopper, mcchanical pincers, laser, etc. Furthermore; the
wires 131 and 132 can be connccted at the bond points (131A and 132A) by
means other than wire bonding including: laser, soldering, and conducting epoxy.

The cut cnd of the wire can be held in place in scveral ways. The cut end of the
wire can be held in place on the substrate by a small spot of adhesive 169 placed
below the cut end. The cut end could also be held in place by locally heating the
substrate at the point where the cut end rests so that the substrate becomes sticky.
and adhcres Lo the cut end. Localized heating of substrates is well known and
includes spot application ol hcat with tools or a laser becam focused at the point
of hecating. Adhcsives are also well know. They include cpoxics. silicones, and
phenolic-butaryl.

A further way of attaching the cul cnd to the substrate involves heating the wire
(131, 132) so that the cut end heats up the substrale at the point of contact and
causcs the cut end Lo atllach to the substrate. The wire can be healed by inductive
healing, resistive heating, laser hcatling, or any other mcthod uscd for this pur-.
posc. Alternatively, a portion of Lhe substrate under the wire can be heated so
that part or all of the wirc becomes ecmbedded in the substrate. This clfect can
also be accomplished by healing the wire and applying pressurc to part (or all)
of the wirc so that part (or all ol the wirc (131, 132) becomes embedded in the
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One limtation of making RF tags made from PC boards or fl e) Thé H},@@EEN
flex or boards nmust be manufactured first. For very high vollunmesggs abe®s
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(grcater than 100 million) of tags can be manufactured inexpensively without
being limited by the existing manufacturing infrastructure.

The length of the wire (131, 132) is determined by the frequency of the RF signal
at which the RF tag is to be opcrated. These frcquencics can be any frequency
that can be transmitted. However, in a more preferred embodiment, the fre-
quencics that lie in a range above 300 Megahertiz. In this range of frequencics
antenna of rcasonable length can be constructed to be resonant. A even more
preferred range of frequencics is between 900 Mcgahertz to 20 Gigahertz. The
most preferrcd frequencies are thosc permitied for RF tag use by the Federal
Communications Commission, some of which include 0.915, 1.92, 2.45, and 5.0
Gigahertz.

To prodlice_ a preferred resonant antcnna, the lengths (162, 163) of the two wires
(131, 132) comprising the antenna are cqual. In a preferred embodiment, each

. for

for

(0]

of the lengths, (162, 163) is one quarter wavclength long. More specifically, the

length of cach wire is equal to (c/4) x f, where ¢ is the spced of light and f is the
radio frequcncy 105 that the RF tag is operating at. In practice, the length will
be slightly less (by a factor of approximatcly 5%) to account for capacitance ef-

- fects. Similarly, the sum of the lengths of 162 plus 163 is one half wavelength,

where the total length to be used in practice is 0.95 x (¢/2) x f. Hereafter, when
a specific length is rcferred to, it will be the total of the wavelengths (162 plus
163) or a half-wavclength length. A preferred range of total antcnna wire
(131,132) lengths (162, 163) is belween 10 millimeters and 1000 millimeters in
lenglh. A more preferred range of antenna wire lengths is between 28 mm and
150 millimeters. Specific preferred lengths (162, 163) of the antenna wires (131,

132) arc 150 mm, 74 mm, 58 mm, 28 mm lcngths that match the respective fre-

quencics above.

The wire uscd to construct the antennas is that which is commonly used for short -

wire bond conncctions. The wire diameter 170 may be beltween 25 micron inch
and 250 microns. The wirc may be composcd of aluminum alloy, copper alloy,
gold alloy, copper, gold-plated: copper or gold. Such wirc is commercially avail-
ablc from many sourccs, c.g., the American Fine Wirc Company of Sclma,
Alabama. Aluminum-alloy wire is preferred becausc of its low cost.  Alternate

malcrials ‘may bc choscn bascd cost, availability, and bondability to the chip

conlact pads. Usc of this typc of wirc with this diamcter in the manufaclure of
RF tag antennas is thought to be novel.
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Anot her object of this invention is an inproved radio frequenc ' —
i dentification tag that can be manufactured in very |arge quan{TH'$§§?ET HAS BEEN
SUMVARY OF THE | NVENTI ON The present invention is a novel radio frd#t

(RF) tag-that conprises a sem conductor circuit that has |ogic, MERdry, and
radi o frequex@cstic P inSFiglhe | SRBu&eRAuSlrRc 16 PR dapst B5 SURSr AfRsRRd
| 5 capabl e QéroeaglngIdandhif afl dRees thhALEM nAMAPIRG pbBRled By using ad-
seni conduct g‘rc :GR'FFWEE %tr?ﬁeta&l gu%ggaetﬁ Hgfi&sg lﬁé Jec%%‘g%[ ﬁ'@? Lf?%ctkaﬁﬁ' _v?@s which
const ruct ed B3 ACHYTRIALG, TOIKRre ATen gy EW‘, 1% m'qs&?." meisluRrgliaccelerage
or nore wir &8TTO808), e srelusion glomoitutce Hilk dndieyoihe seliakilitbrE thy paskass:
two wire bordbdhesiveh sopmendy r usederinodharesemicenducint eimdasiry rimclodof epoxied,r
or pluralit gilsbnegians -plienalicemityratheA winigub asplict @f thishpatkagd is to use a low-
melting point polymer as a preferred adhesive, EVA or ethyl vinyl acetate. EVA
is well known in the bookbinding and food industrics but its use in the semicon-
ductor industry in RF tag structurcs is thought to bec novel. In various preferred
embodiments, the adhesive 161 can be placed locally on the substratc around the
components (antenna, Semiconductor), or placed on the cover 151 before the.
cover is placed on the substrate 141. '

The antenna (131, 132), the semiconductor I, and the substratc 141 arc
‘encapsulated by a organic cover 151 using a novel technique for the RF tag art.
These components are placed in a laminating machine that applies an organic
material (ethyl vinyl acetatc) heated enough to become soft and sticky as it is
applied with pressure to the structurc. In this way, voids in the non-planar sur-
facc are filled with the organic material. In a more preferred embodiment, the
organic material comprises two laycrs, onc of organic material {51 and another
of organic adhesive 161. In this case the heat and pressure are also applied. The
heat causcs thc adhesive to flow to fill the voids on the non-planar surface of the
structure. An alternative prefcrred cmbodiment uscs a pressure sensitive adhe-
sive without the heating. '

Figure 2 is a drawing of a-novel radio frcquency tag 200 that compriscs a
substratc 141, a semiconductor circuit 211, a first conncction 221, a sccond con-
ncction 222, third connection 223, a fourth conncction 224, a first wirc 231 bound
to the first connection 221 by a bond 231A, and a seccond wirc 232 bound to the
second conncctlion 222 by a bond 232A, and a third wirc 233 bound to the third
conncction 223 by a bond 233A, and a fourth wirc 234 bound to the fourth con-
“nection 224 by a'bond 234A. Thesc components arc covered by an arganic cover
151 that scrves as cnvironmental protection for the wires (231 - 234) and bonds
(231A - 234A) and circuit 211. These bonds (231A --234A) arc wirc bonds as
described above or there cquivalents.,

This diagram incorporates morc than two wires (231 - 234) to form multiple scis
of antcnnas (231-232 and 233-234), c.g., anlenna 241 comprises wires 231 and
232 and antenna 242 compriscs wires 233 and 234, The multiple antennas in-.
crcasc Lhe strength of Lhe signal received by the chip 211 and provide a mcasure
of redundancy. The antennas may be of different lengths in order Lo be resonant
at different frequencics.
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resul ting structure, rat her than havi ng anot her connecti on S ERESTEHSNBEEN.
of a short wire, spools out a length of wire required by the anterreaLACED '
design, and cuts the second end of the wire w thout making an '

connecgtion at the second cut end. In sonme preferred enbodi nents, the second
cut end of F%‘grc‘!"ijﬁs!zﬁ dhglethg Br Rl aeRcDYadibt Aehuskyt ey QN0 el EOmplikes a
substrate Wil a0es) Vﬁsghlié%dgg@@'caﬂeﬁﬂtmng 2Ofirst B ALEIRI 98P 2 SBodrld Sorkay.
Lo oL AR S SR g e, PR
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bond. The c@ihEABRELIOHF 32heanthaethirg-wirc 333 bound 323A to the third conncction
323, and a fourth wire 334 bound 324A to thc fourth connection 324. These
components arc covercd by an organic cover 151 that serves as environmental
protection for the wires (331 - 334) and bonds (321A - 324A) and circuit 311. In
the preferred embodiment, the bonds arc wirc bonds (321A - 324A) or their
equivalents as described above.

In Figure 3, the pairs of wires (331, 333 and 332, 334) arc arranged in a different,
non parallel direction from each other, preferably perpendicular so as to maxi-
mize the reception and transmission of radio frequency energy in directions per-
pendicular to cach other. This climinates nulls in the reception/transmission
pattern.

Figure 4 is a drawing of a novel radio frcquency tag 400 that comprises a
substrate 141, a scmiconductor circuit 411, a first connection 421, a second con-
nection 422, a wire 431 bound to the first conncction 421 by a bond 421 A at one
end of the wire, and the same wire 431 bound to the sccond conncction 422 by a
bond 422A at the other end of the wire 431. These components are covered by
an organic cover 151 that serves as cnvironmental protection for the wire 431,
bonds (421A, 422A), and circuit 411. In the preferred embodiment, the bonds
(421A, 422A) arc wire bonds or Lheir equivalent as described above. In another
preferred embodiment, a polymeric cncapsulant 405 provides a encapsulation for
the chip, is used to insulate adjacent conductors from cach other, improves vi-
bration and shock resistance, provides mechanical rigidity to the device and con-
nections, and provides protection from almospheric attack and dust. Preferably
this polymeric cncapsulant is opaque to protect light sensitive circuit and forms
a thin laycr of protection 100 microns ( 4 mils).

In this diagram, the wirc 431 is arranged to form a single loop antenna 433. This
antenna will have a higher impedance than that of the antenna 133 (comprising
wires 131 and 132 as shown in Figurc 1). [t may thus transfer morc cnergy o a
high-impedance input circuit on chip 411. The loop is created by moving the wire
431 with the wire bonding toal. In a preferred eémbodiment, the wire is held in
place on the substrate by an adhesive on the substrate to help in the formation
of the loop. '

Figurc 5 is a drawing ol a novel radio, frequency tag 500 that compriscs a
substrate 141, a scmiconductor circuil 511, a [irst conncction 521, a sccond con-.
ncction 522, a wire 531 bound Lo the [irst connection 521 by a bond 331A at onc
cnd of the wirc, and the same wire 531 bound Lo the sccond conncction 522 b\ a
bond 532A at the other end of the wirc. A sccond. foop antenna is formed with
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tag are then covered in an organi ¢ cover that has a novel usg}igﬁsﬂtﬁmswpﬁﬂ
of device. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is an | sonesapPLACED

drawi ng of the present invention showi ng one enbodi nent of a‘rade
frequency tag with a single antenna. Figure 2 is an isonetric draw ng of

t he present aitAuenidaRcE60\323g a0RareTEathcktoh 5¥4, a wadi §3d begHaNeytHeagi th -
nul tiple anggiHREon 236 a3bdn§d §B3A5ﬁn&ﬁd bfd foﬂ%ﬂglr@fSL&"Gh%nBrﬁﬁeﬁmc wnre

i nvention shoyi,g n8f18 thid’ Etich '595“[)?/ J bBHH SSIA fai‘QhX"'o "Hiq‘?

ant ennas or er[ét

Figure 4 i s 1’'SO E?e C‘HP T&? {é ‘88\5& %g asrﬁf%bﬁ fﬁgl% %fe?l I on
showi ng a rarawaowaaa a&gﬁefw ; cwm % 08RAS (5 "s“\f
i sonetric dFiEGHiRg! b nfisorreing bends ae 5$Césh§ﬁtabq+@eqm H%qwm gts.

The addition of a second loop anténna incrcascs the scnsitivity of the tag by in-
creasing the total strength of the signal rcceived. : '

Figure 6 is a drawing of a novel radio frequency tag 600 that compriscs a
substrate 141, a semiconductor circuit 611, a first conncction 621, a second con-
nection 622, a wire 631 bound 631A to the first connection 621 at one cnd of the
wire 631 and the same wire 631 bound 632A to the second connection 622 at the
other end of the wire. These components are covered by an organic cover 151
that serves as cnvironmental protection for the wire 631, the bonds (631A and
632A), and circuit 611. The substrate 141 is provided with punched notches 681
and 682 which provide means for retaining the wire at its ends to hold the wire
in place during manufacture. A punched notch 681 is cut in the substrate so that
it produces a bendable flap 685 which can hold the wire as it is looped. This cut
can be produccd by a punch tool. An air jet 687 would displace the flap, i.e.,
bend it from the substrate until the wire could be looped between the bent flap
685 and the recmaining substrate.

Figure 7 is a top view drawing of a novel radio frequenqy tag 700 that comprises
a substrate 141, a semiconductor circuit 711, a first connection 721, a second
connection 722, a wire 731 bound to the first connection 721 and:the same wire
731 bound to the second conncction 722. These components arc covered by an -
organic cover 151 that scrves as cnvironmental protection for the wire 731, the
bonds, and circuit 711. The substrate 141 is provided with punched flaps 781,
782, 783, and 784 which allow wirc 731 to be held in placc during manufacture.

Notc that the preferred embodiment of the radio frequency tags in this disclosurce
arc passive, i.c., therc is no ba(tcry on the substrale [4[. However, an allernative

~ ecmbodiment is an active lag, as shown in Figurc 7, where a battery 791 is con-
nceted to the semiconductor 711 at conncctions 773 ,724 in ordcer to provide on
board power Lo the semiconductor 71 1.

Figurc 8 is a top view drawing of a novel radio frequency tag 800 that compriscs
substratc 141, a scmiconductor chip 11, with contacts 810, and &15. Wires 821,
823, and 824 arc bondcd to contact 810. Wires 825, 26, and 827 arc bonded to
~ contact 815. These componcents arc covercd by an organic cover 151 that serves
as cnvironmental protection for the wires 821, 823, 824, 825, 826, and 827, the
bonds and-circuit 811. : ' '

Y0994-170 9
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a radio frequency tag with nultiple | oop antennas. Figure 6 i

drawi ng of the present invention show ng a radi o frequency tag

single | oop antenna, where cutout tabs secure the ends of the

TAR dHEETTEIASIBEEN
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Figure 7 is a top view drawing of the present invention showing a radio
frequency tagiguwie A iaasinglieydsayingeenn@ychihie aauesay Lagf904Baugempriscs

| ocat i ons orsublsgaant €hnaosentitratd ucter anpednt (had 94h),oritkgbaticdn 9l h andP 16 .
di mensi ons. ®ilgund $18)SWardsTOWaaw IRV rechaaidcidite conesrnd |5 avdritlicof |3k ng
one embodi Meyytg)ofyife HAGiCcddREVENGYmt &sh el 91 Ul BuAKRINMABs 930 add 940

to contact 916 in substrate 141. Wirc 980 is connccted from contact 917 around
punched flaps 960 and 950 to contact 918 in substrate 141. Thesc components
are covercd by an organic cover 951 that scrves as environmental protection for
wires 970 and 980, the bonds, and circuits 910 and 911.

Figurc 10 is a drawing of a novcl radio frequency tag 1000 that compriscs.
substrate 141, semiconductor chip 1011 with contacts 1021 and 1022. Wirc 103!
is bonded to contact 1021 by bond 1021 A and wrappcd around cmbossed pillar
1091 and 1092 and then bonded to contact 1022 by bond 1022A. These compo-
nents are covered by an organic cover 1051 that scrves as environmental pro-
tection for wirc 1031, the bonds and circuit 101 1. Thc substrate is provided with
raised studs or dimples which provide means for retaining the wirc at its ends to
hold the wire in place during manufacture while thc wirc 1031 is'looped. The
* studs can-be made using a heated die or punch to make part of thc substrate de-
form to the dic contour so that the stud or dimple (1091, 1092) protrudes above
the surface of the substrate. This technique and cquivalents are common in the
art, e.g. thc embossing techniques used to crcate raised letters on a plastic credit
card. The studs may also be crcatcd by adding a preformed picce to the
substrate. Onc preferred added picce would be a molded plastic.

[n a more preferred embodiment, pillars 1091 and 1092 are made with a tool that
deforms the substrate 141 at an aculc angle with the substrate so that the angle
opens away from the chip 1011, In this way thc wire 1031 will not slip off of the
pillars 1091 and 1092 before the cover 1051 is applied. ~ [n an alternative pre-
ferred cmbodiment, the pillars 1091 and 1092 arc madc so that the tops arc larger
in diamcler than the bottoms (the portion closest to the top surface of the

substratc.) This can be done by applying pressurc on the tops of the pillars Lo -

flarc the top.

It is cvident that onc skilled in the art given this disclosurc could develop cquiv-
“alent embodiments which arc also within the contlemplation of the inventors.

[l

|

(A
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enbodi ment of the present invention showing two tags wth | ooprHi$BRFTAAHPFEN

Figure 9 is a top view drawi ng of the present invention show pg—one
T
one substrate. Figure 10 is an isonetric draw ng of the preseE? i REBHAGSh

showing a radio frequency tag with a single | oop antenna, wheré 3TuUds '
secure the €Md/dSthe antenna. DETAI LED DESCRI PTI ON OF ENTI ON
Figure 1 is a draw ng of a novel radio frequency tag 100 that conprises a

substrate 1 :sem conductor circuit 111, a first conne
second conng%% ic%rll‘%122, a first wire 131 bound to the fi rsﬂ!mmmm,lum,ﬂ L
by a bond 1?1A, E?gﬁd a second wire 132 bound to the second connelti #n 122 by
a-bond 132Al- PhEado ftsaysnentas aPRATANSFUHPHYI"8h or gani ¢ cover 151 that-: -
serves as environnmental protection for the antenna 133 conprising wres

(131, 132) and searidesndukddrhaviag Apgicamdl aiemoanyt thid §emithed sctos theatge mbthted
made from agnQ gsbsteatéi | m A preferred_ filmis polyester also

b. a. first and a second connection on the semiconductor, an impedance bcing
between the first and sccond conncction, the impedance being varicd by the logic
to modulate a radio frequency signal, the radio frequency signal having a fre-
quency;

c. a first wire having a bound end connected to the first connection by a wire
bond connection and an open end that is unconnected;

d. a second wire having a bound cnd connected to the sccond connection by a
wire bond connection and an open end that is unconnected; and

e. an organic cover that surrounds the semiconductor, the first and second con-
nections, and the first and second wires, '

whereby the length of the first and sccond wircs forms an antenna that transmits
or reflects the radio frequency signal and the length of the first and second wires
- being determined by the frequency.

2. A radio frequency tag, as in claim [, where the first and sccond wire lengths
are cqual and cach onc is a quarter wavclength of the frequency in {ength.

3. A radio frequency tag, as in claim |, where the semiconductor has more than
onc pair of first and sccond conncctions and morc than onc pair of first and scc-
ond wircs arc bound to the first and sccond conncctions respectively, the pairs
of first and sccond wircs cach forming an antenna.

4. A radio frcquency Lag, as in claim 3, where a first pair of wires is resonant at
a first frequency and a sccond pair of wires is resonant at a sccond frequency.

5. A radio frequency tag, as in claim 3, where at lcast onc pair of first and sccond
wircs is non parallel to at least onc sccond pair of first and sccond wircs.

6. A radio frequency tag, as in claim 1, where more than one first wire is con-
-nected to the first connection and more than onc sccond wire is connecled to the:
sccond conncction. - -

Y0994-170 I - This Sheet Has Been Replaced -
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known as fm trademark of Dupont). Another pr efered—F+mis
pol yi m dew§ g“} “‘m ton (Kapton is a trademark of Dupoymt)s SKREFHIAS BEEN

material s as subsStrates 141 and are well known in the artREPEAED

|

i
Y

seni conductor circuit 111 has a nemory, logic circuits, and riadiro—fTequency
(RF) circuits and in.a preferred enbodi nent has no battery. Circuits |ike
this used for RfratRgSrcquenyeldg, kazoinnclaimd 16 avtisee chalfiryt avdlistedidewirthgre be-

sem conduct Qiyceh RGUiot 2 SAMiEDnalik Aeek0 the substrate by neans of " adhesive
or reflowing the substrate 141 by | ocal heating. The sem conduct or al so has

one or nore of, connections (121 and 122 The ctio
provi de an |8npdmrac5;|q rﬁ%‘t“mﬁ'(t@gl o] '%BlﬂHEct’l%’?FrF ggf E"E ‘Q?‘?C??ﬂfzit‘?’ ve gfe Fk?)él
seni conduct ¢ .anyRneehtedoliewing 2alughaurpalion gold p! qtﬁ%éﬁﬁﬂ@egp goldallen
varied by | cgppet,rancheopparialloyduct or 111. When an RF signal sent to the RF
tag is sensed by a circuit in the sem conductor 111, a logic circuit in the
sem conduct @y, A ¥ddio frequency tag, as in claim 1, where the first and second wire are bc-
tween 10 mm and 1000 mm in length.
10. A radio frequency tag, as in claim [, where the antenna is resonant at the
frequency

11. A radio frequency tag, as in claim [, that has an adhesive between the
substrate and the cover, the adhcsive fixedly connecting the wire, substrate and
cover together.

- 12. A radio frequency tag, as in claim 11, where the adhesive is any one of the
co-polymers including ethyl-vinyl-acetate epoxy, silicon, and phenolic-butyral.

13. A radio freqdency tag apparatus comprising:

a. a semiconductor having logic and memory, the semiconductor being mounted
on a substrate;

b. a first and a second conncction on the scmiconductor, an impedance being
between the first and sccond connection, the impedance being varied by the logic
to modulate a radio frequency signal, the radio frequency S|gnal having a fre-
quency;

c. a wire having a first bound cnd connected to the first connection by a wire
bond conncction and a sccond bound cnd that is connccted to the second con-
ncction by a wirc bond conncclion; and

d. an organic cover that surrounds the semiconductor, the first and second con-
nections, and the wire,

whereby the length of the wire forms an antcnna that transmits or reflects the
radio frequency signal and the lcngth‘ of the wire is delermined by the f'rcqucnc,:y.

14. A tag. as in claim 13, where the t()nl length of the wire is such that the an-
tcnna is resonant at the frequency.
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causes the inpedan ntacts to change accordi nd—,qsmrmsaem
programed | ogi c. Emlﬂﬂ lquﬂmnt"m’ange nodul ates the RF si gr’ia} r REPIRCERd
fromthe RF tag. Thi's ffodtl alich dllows the RF tag to send i nf orsmtier—back—
to a base station 6 which origipally sent the RF signal. An antenna
connect ed tol$-hd radig &eﬂnmduagmﬂmmlay@ [3nwhsrethcissmigendudter kasemoee tan on
of the RF signapaurf firshasdisemindncqnmnetliens amdy thercky oné wireecanmdoledtaath Riair

signal . The of fisstrind se¢end iconéctoss afohel scanégmnaténttspestivadnduct or
structure. One preferred antenna and sem conductor structure is shown as

wires 131 anglg 182radio frequency tag, as in claim 15, where a first wire is resonant at a first
frequency and a second wire is resonant at a sccond frequency.

I7. A radio frequency tag, as in. cla1m 13, where the wire is between 25 to 250
microns in diameter.

18. A radio frequency tag, as in claim 17, where the wirc is made of any of the
materials including gold, copper, gold plated copper, aluminum alloy, copper al-
loy, and gold alloy. :

19. A radio frequency tag, as in clalm 13, where the wire lS between 10 mm and
1000 mm in lcngth.

20. A radio frequency tag, as in claim [3, where the wire is held to the substrate
by one or more tabs.

21. A radio frequency tag, as in claim [3, where the wire is looped around one
or more studs.

22. A radio frequency tag apparatus comprising:

a. two or morc semiconductors each. having logic and memory, the semiconduc-
tors being mounted on a single substrate;

b. a first and a second connection on cach scmiconductor, an impedance being
between the first and sccond connection, the impedance being varied by the logic
to modulate a radio frequency signal, the radio frcquency signal having a frc-
qucency;

c. a first wirc having a bound cnd connccled to the first connection by a wirc
bond conncction and an opcn end that is unconnccled;

d. a seccond wirc having a bound end connccled Lo the second connection by a
wire bond conncction and an opcn cnd that is unconnected; and

c. an organic cover that surrounds the scmlconducmm the first and sccond con-
ncctions, and the first and sccond wircs,

whereby the length of the first and sccond wircs forms an antenna that transmits -
-or reflects the radio frequency signal and the length of the first and sccond wires
being determined by the frequency.

Y0994-170 13
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connected to connections 121 and 122 respectively. In this @Qg HAdBEEN
wires are connected by w re“l "ummlm“"m"!ﬂll ocations 131A an By ACED
respectively. While connecti] lre bondi ng i s wel | known —wi+e

bondi ng t echni qués are not used®t o' creat®ed* conponent structures of a
circuit as in the present invention. In this invention, the wire bonding
creates a nbveh radiefiaauenty @gnasdn iclrims22,uebarcemphathamoot dsst Wire is con-
transmi ssi orected ¢méic fiestlcoancaion amd macahthamo @qond eviediscafndch®l to the
sem conductsecord conndctibhl. I'n this enbodi nent, each wire is connected by
wi re bondi ng techni ques at one bond connectlon (131A and 132A,

respect i velyq.. A yaaRogt SQﬁHE ize'ea g hﬁﬂ}g&ton ‘Mgﬁ&%ré be. cut
nown ot nalEAEw: ?f‘%é’ Fiﬁ q%g g&? %‘j‘ BFF‘ﬂS e FRsCFanneEyPn and”!

known n'eth [ ncl,u
: R8r nore, the wires 131 and 132

chopper, meChan gaq

can be connected
25. A radio frcqucncy tag, as in claim I, where the semiconductor has a first and

second battery connection that arc conncctcd to a battcry for semiconductor
power.

26. A radio frcquéncy tag, as in claim |, where the scmiconductor is covered by
an encapsulant.

27. A radio frequency tag, as in claim 26, wherce the encapsulant is opaque.
28. A radio frequency tag, as in claim 13, where the semiconductor has a first and

second battery conncction that are connected to a battery for semiconductor
power.
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at the bond points (131A and 132A) by neans other than wre bOFJd'HfE;]SHEETHASBEEN

I ncl udi ng: | aser, soldering, and conducting epoxy. The cut end :of tIﬁEPMCEB
bal d

can be held in pI ace in several ways. The cut end of the wire can-be—hekd

in place on the subst ragﬁ ﬁyjqa‘?ﬁg@!lﬁﬁﬁéﬁf lg;ﬁ%ﬁ@t)ﬁ'l@l@ ,p!! Eged_ bel ow t he

cut end. The cut end co ating the

substrate at té'szrg% where the cut end rests so that the substrate

becones sti cﬁy and adheres to the cut end. Localized heating of substrates

is well knovwil and includes spot application of heat with tools or a |aser

beam f ocused! BE 1RYRALI 1§53 &2 ‘HQ&HPH‘@CY ieRLiSicatan 4a8 CAMRYiSiBE |2 SeFHAENdYgT

i ncl ude epox¢ldp, haying eadiedrequedcyHopiol aod uemory circuits, and an antenna that are
mounted on a substrate. The antcnpna may be used by the chip to modulate an
incident RF signal to transfer information to a basc station. ‘The antenna com-
prises one or more lengths of thin wire that are connected directly to the chip by
means of wirc bonding. The chip and antenna combination are sealed with an
organic film covering.
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REPLACEMENT SHEET 7 A further way of attaching the cut end tpﬁhpg syhsdd Bdem
invol ves heating the wire (131, 132) so that the cut end heals Upgds ?mmgp
substrate at the point of contdct addIgauseés the cut end to attach to.the
substrate. The wire can be heated by inductive heating, resistive heating,

| aser heating, or any other method used for this purpose. Alternatively, a
portion of the substrate under the wire can be heated so that part or al

of the wire becones enbedded in the substrate. This effect can al so be
acconpl i shed by heating the wire and applying pressure to part (or all) of
the wire so that t (or all of th (131, 132) becones enbedded in
the substrate. Usin hi s novel stragmt(g tag ant enna conponents can be
manuf actured by only dsing commodity naterlals, i.e., wire uqe@ for wire
bonds and unpat §8bred Br)gani c

“F1G.2 /{//200
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plastic (like polyester) for the substrate. No circuit boards or _patterned __
flexible substrate material is required. Since only comodity matgksalBeT HAS BEEN
(wire and.organic plastic) are needed to produce these novel tag REPLACED
structures, large quantities (greater than 100 mllion) of tags n—be —
nanufactured i nexpensively without being limted by the existing

manuf acturing infrastructure. The length of the wire (131, 132) is

determ ned by the frequency of the RF signal at which the RF tag is to be
operated. These frequenci es can be any frequency that can be transmtted.
However, in a nore preferred enbodi nent, hFSE enci es e;i; |e in a

range above 300 Megahertz. In this range "of nC|es ante
reasonabl e | ength can be constructed to be resonant A evep-nore preferred

range of frequencies is be Q0—Megahertz to 20 G gaher
hose permtted for RF tag use by the Feder af .

preferred frequencies are
Conmmuni cat i ons Conmi ssi of,

332
\ 322 /3224

32 &7 393

SUN T AR 7323
324/ 308h

334
- - {41
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I nclude 0.915, 1.92, 2.45, and 5.0 G gahertz. To produce a pfefers gT HAS BEEN
resonant antenna, the lengths (162, 163) of the two wires (13 THIS CED
conprising the antenna are equal. In a preferred enbodi nent; teach of tE

| engths, (162, 163) is one quarter wavelength |ong. Mre speC|f|caIIy t he

| ength of each wire is equal to (c/4) x f, where c is the d of Iight

and f is the radio frequency 105 that the RF tag i s operati % at. In
practice, the length will be sllghtly | ess (by a factor o 8
approximately 5 % to ac for—Tapacitance—eff ects: Srm"t'ar'i'y'—rh'e?um
of the Iengfrlm 162 plAis_163 is one half wavel ength, where the tota):

| ength to-Be dJdn pr e|353i

<(/f 531A 521 522 532A '4//) Y
: / 57 2
533A S -

ASH

Y, 151

523 57

! - _ ~ /4

600
—— - 7
FIG.6
61l
621 / 622
63{A7<£§£ L, ,
681 s
..%éEEE;; \\\._ ———— )
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et Has Been: Reflaced :

"IN




0.95 x (c/2) x f. Hereafter, when a specific length is referirpgh ¢ r«ﬁETrHtAS\HEF'T'
be the total of the wavel engt hs (162 plus 163) or a hal f-wauel engﬁh‘-‘ﬁfvﬁgth
A preferred range of total antenna wire (131, 132) lengths (
between 10 mllineters and 1000 mllimeters in length. A nore preferred
range of antenna wire lengths is between 28 mmand 150 millimeters.
Specific preferred |l engths (162, 163) of the antenna res (131, 132) are
150 mMmm 74 mm 58 28 mm-l e mat ch t he re&)ective frequenci es
above. The wire use tl constr tennas is t t WhICh i's commonly
used for short w ‘ ' 1 er—17Z8—mpy be between

25 micron inch afd 250 nijz . Wi T ¢ may be corrposed%& um num al | oy,
copper all oy, gol ) opper or goldd Such wire is
comercial |y avai rom | Anerican Flne Wre

Conmpany of Sel ma| f§ abama. A um numYazHo

} ] J
_ 8 B
rzr—f{? (?\722
71— ;2) <C‘;
183 ——£5 184 T8 3182

800

.ujlll 1

| !
825 o 810 824

““ ll“bhn

e
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wire is preferred because of its |ow cost. Alternate material fHISSHELTCHAS BEEN
chosen based cost, availability, and bondability to the chi pt contREPLAGERIS.

Use of this type of wire with this"ti"anEter in the nanufact ureseé—RF—tag
antennas i s thought to be novel. '‘Adhesive 161 in Figure 1 secures substrate
141 to ceover |layer 151. The adhesive serves to hold the chip and wires in
pl ace and to seal the package. By using adhesive over the entire substrate,
not just the edges of the package, voids which may accunul ate noisture are
not allowed to form Since noisture will accelerate gﬂz osion, the
exclusion of noisture wll inprove the reliability of;the package.

Adhesi ves commonl )B&Jsed i ni4lhe sem conductor indust r/ I ncl ude epoxi es,
silicones, and phenolic-butiyral. A unique aspect of ‘this package is to use

a |ownelting ppint ymer as a preferred adhesive, EVA oF | vinyl
| ookbi-ndi ~Qdust s but its
or. industry in RE tag structures i Syghought to

acetate. EVA is |
910/121] o

use in the semco
-

916 9i5
o Y8 8l

T /980 3}'60

LS
| w8 3

FIG.9

1000

{021 1022

=
|

FIG. 10
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be noveél=* In various preferred embodi ments, the adhesive JEEAREMENLSHEER

Iocally on t

he substrate around the conponents (antenna, s

ejn condyct :
pl aced on the cover 151 before the cover is placed on the shibSthr 3HE iddﬁ
u

9 The antenna (131, 132). .the sem conductor 111, and the S
encapsul ated by a organic cover 151 using la novel techm gu

bl <%

PR

p:strate 141 ar g
ar ﬁ-tg |

art. These conponents arg,, =Ye = Cher T neLirat—app

organic material (ethyl YT aCere rear e -—enody o—Hecone soft and
sticky as it is applied with pressure to the structure. In this way, voids
in the non-planar surface are filled with the organic material. In a

FIELD OF THE INVENTION
This invention relates to the field of radio frequency (RF) tagging. More specifically,
the invention relates to an improved small size, low cost RF tag that transmits multiple

bits of information.

BACKGROUND OF THE INVENTION

In general, circuitry is manufactured on hard printed circuit boards or flexible
substrates. Printed circuit boards include materials like epoxy-resin or epoxy-glass
boards. One generic class on which these circuits are manufactured is FR4.
Alternatively flexible substrates, also called "flex", include structures of copper on
polyimide. These circuits are generally used in automobiles, consumer electronics, and

general interconnections.

A well known technology for attaching semiconductor circuits, or "chips" to the circuit
board or flex structures is called wirebonding. Wire bonds are made from small
diameter wires in the range of 25 microns in diameter and are very short. Generally the
wire bonds are on the order of 1 millimeter (mm) in length. These wire bonds are

normally kept short for several reasons:
1. The small diameter of the wire makes it very weak.

2. In typical circuits many bonds are made and longer lengths would make the

connections more prone to electrical shorting.

3. Longer lengths of the wires increase self and mutual inductance which degrade the

electrical performance of the circuit.

- Radio Frequency Identification (RF ID) is just one of many identification technologies

for identifying objécts. The heart of the RF ID system lies in an information carrying

tag. The tag functions in response to a coded RF signal received from a base station.

ot



nore pr.eferred enbodi nent, the organic material conprises t
of .ardanic material 151 and another of organic adhesive 161.
t he heat and pressure are also applied. The heat causes the
flowto fill the voids on the non-planar surface of the str(
alternative preferred enbodi ment uses a pPRessure sensitive g

EFLAEEREN? SREET

T o LvAdoCT

neg Jg) " 1836

ur

[J_e_g_i_v_e_w_l.hout-

the heating. Figure 2 is a drawing of a novel radio frequencly tag 200 that

conprises a substrate 141, a sem conductor circuit 211, a firTst connection

221, a Seconghe quNaeiédd the dnciddht 'RIF CORAEC backN t@ e basd ewtibh Drfonsationois
224, a first wre 231 bound to the first connection 221 by a_bond 231A, and

a second wi r gansfarreshamitiereflected signab imedilated by dhe g aceqrdmgye iy preagrammedy o

third wire 2
fourth wire

conponents are covered by an organic cover 151 that serves as environnental

33 bound to e third connection 223 by a bond 233A, and a
*Z%‘?tmb#WHCPr?t(?E he fourth connection 224 by a bond 234A. These

The tag consists of a semiconductor chip having RF circuits, logic, and memory. The
tag also has an antenna, often a collection of discrete components, capacitors and
diodes, for example, a battery in the case of active tags, a substrate for mounting the
components, interconnections between components, and a means of physical enclosure.
One variety of tag, passive tags, has no battery. They derive their energy from the RF
signal used to interrogate the tag. In general, RF ID tags are manufactured by mounting
the individual elements to a circuit card. This is done by using either short wire bond
connections or soldered connections between the board and the circuit elements: chip,
capacitors, diodes, antenna. The circuit card may be of epoxy-fibreglass composition
or ceramic. The antennas are generally loops of wire soldered to the circuit card or
consist of metal etched or plated on a circuit card. The whole assembly may be

enclosed in a plastic box or molded into a three dimensional plastic package.

While the application of RF ID technology is not as widespread as other ID
technologies, barcode for example, RF ID is on its way to becoming a pervasive

technology in some areas, notably vehicle identification.

Growth in RF ID has been inhibited by the absence of infrastructure for manufacturing
the tags, the high cost of tags, the bulkiness of most of the tags, problems of tag
sensitivity and range, and the need for the simultaneous reading of multiple numbers
of tags. A typical tag costs in the $5 to $10 range. Companies have focused on niche
applications. Some prior art is used to identify railway boxcars. RF tags are now used
in the automatic toll industry, e.g. on thraway and bridge tolls. RF tags are being tested
for uses as contactless fare cards for buses. Employee identification badges and security
badges have been produced. Animal identification tags are also commercially available

as are RF ID systefns for tracking components in manufacturing processes.



-211.. These bonds (231A - 234A) are wire bonds as described ere
equi val ents. This diagramincorporates nore than two wires |(R31 ,';]Jggqggao
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technology that is used for identification at a much Jower cost than existing RF tagging

technology.

OBJECTS OF THE INVENTION

An object of this invention is an improved radio frequency identification tag.

An object of this invention is an improved, low cost radio frequency identification tag
that is made from commodity materials.

Another object of this invention is an improved radio frequency identification tag that

can be manufactured in very large quantities.

SUMMARY OF THE INVENTION

The present invention is a novel radio frequency (RF) tag that comprises a
semiconductor circuit that has logic, memory, and radio frequency circuits. The
semiconductor is mounted on a substrate and is capable of receiving an RF signal
through an antenna that is electrically connected to the semiconductor through

connections on the semiconductor.

The antenna is novel, has a novel structure, and is constructed by a novel use of wire
bonding techniques. The antenna is one or more wires, each connected to the
semiconductor connections by one or two wire bonds. (In a preferred embodiment, the
antenna is made of a pair or plurality of pairs of wires). The wire bonding method and
resulting structure, rather than having another connection made at the end of a short
wire, spools out a length of wire required by the antenna design, and cuts the second
end of the wire without making any electrical connection at the second cut end. In some
preferred embodiments, the second cut end of the wire is held in place by attaching the
cut end to the substrate with adhesive or by local heating of the substrate. In this way,
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tag are then covered in an organic cover that has a novel use in this type of device.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an isometric drawing of the present invention showing one embodiment of

a radio frequency tag with a single antenna.

Figure 2 is an isometric drawing of the present invention showing one embodiment of

a radio frequency tag with multiple antennas.

Figure 3 is an isometric drawing of the present invention showing one embodiment of
a radio frequency tag with multiple antennas oriented in a different direction with

respect to each other.

Figure 4 is an isometric drawing of one embodiment of the present invention showing

a radio frequency tag with a single loop antenna.

Figure 5 is an isometric drawing of one embodiment of the present invention showing

a radio frequency tag with multiple loop antennas.

Figure 6 is an isometric drawing of the present invention showing a radio frequency tag

with a single loop antenna, where cutout tabs secure the ends of the antenna.

Figure 7 is a top view drawing of the present invention showing a radio frequency tag
with a single loop antenna, where cut out tabs secure locations on the antenna so that

the antenna has an orientation in two dimensions.

Figure 8 is a top view drawing of the present invention showing one embodiment of a

radio frequency tag with multiple antennas.
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DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a drawing of a novel radio frequency tag 100 that comprises a substrate
141, a semiconductor circuit 111, a first connection 121, a second connection 122, a
first wire 131 bound to the first connection 121 by a bond 131A, and a second wire 132
bound to the second connection 122 by a bond 132A. These components are covered
by an organic cover 151 that serves as environmental protection for the antenna 133
comprising wires (131, 132) and bonds (131A, 132A), and circuit 111.

The substrate 141 is made from an organic film. A preferred film is polyester also
known as mylar (Mylar is a trademark of Dupont). Another preferred film is polyimide
also known as Kapton (Kapton is a trademark of Dupont). Such materials are used as

substrates 141 and are well known in the art.

The semiconductor circuit 111 has a memory, logic circuits, and radio frequency (RF)
circuits and in a preferred embodiment has no battery. Circuits like this used for RF
tags are well known and commercially available. The semiconductor circuit can be
attached to the substrate by means of adhesive or reflowing the substrate 141 by local
heating. The semiconductor also has one or more of connections (121 and 122.) The
connections (121 and 122) provide an input and output (I/O) connection to the RF
circuiiry of the semiconductor. The connections 121 and 122 have an impedance that
can be varied by logic in the semiconductor 111. When an RF signal sent to the RF tag
is sensed by a circuit in the semiconductor 111, a logic circuit in the semiconductor 111
causes the impedance between the contacts to change according to some pre-
programmed logic. This-impedance change modulates the RF signal reflected from the
RF tag. This modulation allows the RF tag to send information back to a base station
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Figure 5 is a drawing of a novel radio frequency tag 500 that conprises a
substrate

An antenna connected to the semiconductor 111 plays an essential part in the reception
of the RF signal and transmission (reflecting back) of the modulated RF signal. The

present invention is a novel antenna and semiconductor structure.

One preferred antenna and semiconductor structure is shown as wires 131 and 132
connected to connections 121 and 122 respectively. In this embodiment the wires are
connected by wire bonding at bond locations 131A and 132A, respectively. While
connecting wires with wire bonding is well known, wire bonding techniques are not
used to created component structures of a circuit as in the present invention. In this
invention, the wire bonding creates a novel antenna and connection structure that
matches the transmission (signal reflection) and reception requirements of the

semiconductor circuit 111.

In this embodiment, each wire is connected by wire bonding techniques at one bond
connection (131A and 132A, respectively), unspooled to a specified length, and then
cut, where the cut end of each wire is left unconnected. The cut can be performed by
any well known method including knife blade (swedge, guillotine), mechanical chopper,
mechanical pincers, laser, etc. Furthermore, the wires 131 and 132 can be connected
at the bond points (131A and 132A) by means other than wire bonding including: laser,

soldering, and conducting epoxy.

The cut end of the wire can be held in place in several ways. The cut end of the wire
can be held in place on the substrate by a small spot of adhesive 169 placed below the
cut end. The cut end could also be held in place by locally heating the substrate at the
point where the cut end rests so that the substrate becomes sticky and adheres to the cut
end. Localized heating of substrates is well known and includes spot application of heat
with tools or a laser beam focused at the point of heatiﬁg. Adhesives are also well

know. They include epoxies, silicones, and phenolic-butaryl.

a
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portion of the substrate under the wire can be heated so that part or all of the wire
becomes embedded in the substrate. This effect can also be accomplished by heating the
wire and applying pressure to part (or all) of the wire so that part (or all of the wire
(131, 132) becomes embedded in the substrate.

Using this novel structure, RF tag antenna components can be manufactured by only
using commodity materials, i.e., wire used for wire bonds and unpatterned organic
plastic (like polyester) for the substrate. No circuit boards or patterned flexible substrate
material is required. Since only commodity materials (wire and organic plastic) are
needed to produce these novel tag structures, large quantities (greater than 100 million)
of tags can be manufactured inexpensively without being limited by the existing
manufacturing infrastructure.

The length of the wire (131, 132) is determined by the frequency of the RF signal at
which the RF tag is to be operated. These frequencies can be any frequency that can
be transmitted. However, in a more preferred embodiment, the frequencies that lie in
a range above 300 Megahertz. In this range of frequencies antenna of reasonable length
can be constructed to be resonant. A even more preferred range of frequencies is
between 900 Megahertz to 20 Gigahertz. The most preferred frequencies are those
permitted for RF tag use by the Federal Communications Commission, some of which
include 0.915, 1.92, 2.45, and 5.0 Gigahertz.

To produce a preferred resonant antenna, the lengths (162, 163) of the two wires (131,
132) comprising the antenna are equal. In a preferred embodiment, each of the lengths,
(162, 163) is one quarter wavelength long. More specifically, the length of each wire
is equal to (c/4) x f, where c is the speed of light and f is the radio frequency 105 that
the RF tag is operating at. In practice, the length will be slightly less (by a factor of
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antenna wire (131, 132) lengths (162, 163) is between 10 millimeters and 1000
millimeters in length. A more preferred range of antenna wire lengths is between 28
mm and 150 millimeters. Specific preferred lengths (162, 163) of the antenna wires
(131, 132) are 150 mm, 74 mm, 58 mm, 28 mm lengths that match the respective

frequencies above.

The wire used to construct the antennas is that which is commonly used for short wire
bond connections. The wire diameter 170 may be between 25 micron inch and 250
microns. The wire may be composed of aluminum alloy, copper alloy, gold alloy,
copper, gold-plated copper or gold. Such wire is commercially available from many
sources, e.g. the American Fine Wire Company of Selma, Alabama. Aluminum-alloy
wire is preferred because of its low cost. Alternate materials may be chosen based cost,
availability, and bondability to the chip contact pads. Use of this type of wire with this

diameter in the manufacture of RF tag antennas is thought to be novel.

Adhesive 161 in Figure 1 secures substrate 141 to cover layer 151. The adhesive serves
to hold the chip and wires in place and to seal the package. By using adhesive over the
entire substrate, not just the edges of the package, voids which may accumulate
moisture are not allowed to form. Since moisture will accelerate corrosion, the
exclusion of moisture will improve the reliability of the package. Adhesives commonly
used in the semiconductor industry include epoxies, silicones, and phenolic-butyral. A
unique aspect of this package is to use a low-melting point polymer as a preferred
adhesive, EVA or ethyl vinyl acetate. EVA is well known in the bookbinding and food
industries but its use in the semiconductor industry in RF tag structures is thought to
be novel. In various preferred embodiments, the adhesive 161 can be placed locally on
the substrate around the components (antenna, semiconductor), or placed on the cover

151 before the cover is placed on the substrate 141.



Figure.7 is a top view drawing of a novel radio frequenc
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by a organic cover 151 using a novel technique for the RF tag art. These components

are placed in a laminating machine that applies an organic material (ethyl vinyl acetate)
heated enough to become soft and sﬁg_:ky as it is applied with pressure to the structure.
In this way, voids in the non-planar surface are filled with the organic material. In a
more preferred embodiment, the organic material comprises two layers, one of organic
material 151 and another of organic adhesive 161. In this case the heat and pressure are
also applied. The heat causes the adhesive to flow to fill the voids on the non-planar
surface of the structure. An alternative preferred embodiment uses a pressure sensitive

adhesive without the heating.

Figure 2 is a drawing of a novel radio frequency tag 200 that comprises a substrate
141, a semiconductor circuit 211, a first connection 221, a second connection 222, third
connection 223, a fourth connection 224, a first wire 231 bound to the first connection
221 by a bond 231A, and a second wire 232 bound to the second connection 222 by a
bond 232A, and a third wire 233 bound to the third connection 223 by a bond 2334,
and a fourth wire 234 bound to the fourth connection 224 by a bond 234A. These
componeﬁts are covered by an organic cover 151 that serves as environmental
protection for the wires (231 - 234) and bonds (231A - 234A) and circuit 211. These
bonds (231A - 234A) are wire bonds as described above or there equivalents.

This diagram incorporates more than two wires (231 - 234) to form multiple sets of
antenna (231 - 232 and 233 - 234); e.g., antenna 241 comprises wires 231 and 232 and
antenna 242 comprises wires 233 and 234. The multiple antennas increase the strength
of the signal received by the chip 211 and provide a measure of redundaﬁcy. The

antennas may be of different lengths in order to be resonant at different frequencies.

Figure 3 is a drawing of a novel radio frequency tag 300 that comprises a substrate
141, a semiconductor circuit 311, a first connection 321, a second connection 322, third
connection 323, a fourth connection 324, a first wire 331 bound 321A to the first

connection 221, and a second wire 332 bound 322A to the second connection 322, and
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324A) and circuit 311. In the preferred embodiment, the bonds are wire bonds (321A -

324A) or their equivalents as described above.

In Figure 3, the pairs of wires (331, 333 and 332, 334) are arranged in a different, non
parallel direction from each other, preferably perpendicular so as to maximise the
reception and transmission of radio frequency energy in directions perpendicular to each

other. This eliminates nulls in the reception/ transmission pattern.

Figure 4 is a drawing of a novel radio frequency tag 400 that comprises a substrate
141, a semiconductor circuit 411, a first connection 421, a second connection 422, a
wire 431 bound to the first connection 421 by a bond 421A at one end of the wire, and
the same wire 431 bound to the second connection 422 'by a bond 422A at the other end
of the wire 431. These components are covered by an organic cover 151 that serves
as environmental protection for the wire 431, bonds (421A, 422A), and circuit 411.
In the preferred embodiment, the bonds (421A, 422A) are wire bonds or their
equivalent as described above. In another preferred embodiment, a polymeric
encapsulant 405 provides a encapsulation for the chip, is used to insulate adjacent
- conductors from each other, improves vibration and shock resistance, provides
mechanical rigidity to the device and connections, and provide protection from
atmospheric attack and dust. Preferably this polymeric encapsulant is opaque to protect

light sensitive circuit and forms a thin layer of protection 100 microns (4 mils).

In this diagram, the wire 431 is arranged to form a single loop antenna 433. This
antenna will have a higher impedance than that of the antenna 133 (comprising wires
131 and 132 as shown in Figure 1). It may thus transfer more energy to a high-
impedance input circuit on chip 411. The loop is created by moving the wire 431 with
the wire bonding tool. Ina preferred embodiment, the wire is held in place on the

substrate by an adhesive on the substrate to help in the formation of the loop.
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the same wire 531 bound to the second connection 522 by a bond 532A at the other end

substrate 141, two sem conductor chips 910 (and 911), wiELH Q qﬁﬁé}@'rj}ld

of the wire. A second loop antenna is formed with a third connection 523, a fourth
connection 524, a wire 536 bound to the third connection 523 by a bond 533A at one
end of the wire 536, and the same wire 536 bound to the fourth connection 524 by a
bond 534A at the other end of the wire 536. These components are covered by an
organic cover 151 that serves as environmental protection for the wires (531, 536) the
bonds (531A - 534A), and circuit 511. The bonds are wire bonds as described above

or their equivalents.

The addition of a second loop antenna increases the sensitivity of the tag by increasing

the total strength of the signal received.

Figure 6 is a drawing of a novel radio frequency tag 600 that comprises a substrate
141, a semiconductor circuit 611, a first connection 621, a second connection 622, a
wire 631 bound 631A to the first connection 621 at one end of the wire 631 and the
same wire 631 bound 632A to the second connection 622 at the other end of the wire.
These components are covered by an organic cover 151 that serves as environmental
protection for the wire 631, the bonds (631A and 632A), and circuit 611. The substrate
141 is provided with punched notches 681 and 6382 which provide means for retaining
the wire at its ends to hold the wire in place during manufacture. A punched notch 681
is cut in the substrate so that it produces a bendable flap 685 which can hold the wire
as it is looped. This cut can be produced by a punch tool. An air jet 637 would
displace the flap, i.e., bend it from the substrate until the wire could be looped between
the bent flap 685 and the remaining substrate.

Figure 7 is a top view drawing of a novel radio freqﬁency tag 700 that comprises a
substrate 141, a semiconductor circuit 71 1, a first connection 721, a second connection

722, a wire 731 bound to the first connection 721 and the same wire 731 bound to the
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Note that the preferred embodiment of the radio frequency tags in this disclosure are
passive, i.e., there is no battery on the substrate 141. However, an alternative
embodiment is an active tag, as shown in Figure 7, where a battery 791 is connected
to the semiconductor 711 at connections 723, 724 in order to provide on board power

to the semiconductor 711,

Figure 8 is a top view drawing of a novel radio frequency tag 800 that comprises
substrate 141, a semiconductor chip 811, with contacts 810, and 815. Wires 821,823,
and 824 are bonded to contact 810. Wires 825, 826, and 827 are bonded to contact
815. These components are covered by an organic cover 151 that serves as
environmental protection for the wires 821, 823, 824, 825, 826, and 827, the bonds and

circuit 811.

Figure 9 is a top view drawing of a novel radio frequency tag 900 that comprises
substrate 141, two semiconductor chips 910 (and 911), with contacts 915 and 916 (917
and 918). Wires 970 (and 980), are bonded to contacts 915 and 916 (917 and 918).
Wire 970 is connected from contact 915 around punched flaps 930 and 940 to contact
916 in substrate 141. Wire 980 is connected from contact 917 around punched flaps
960 and 950 to contact 918 in substrate 141. These components are covered by an
organic cover 951 that serves as environmental protection for wires 970 and 980, the
bonds, and circuits 910 and 911.

Figure 10 is a drawing of a novel radio frequency tag 1000 that comprises substrate
141, a semiconductor chip 1011 with contacts 1021 and 1022. Wire 1031 is bonded
to contact 1021 by-bond 1021A and wrapped around embossed pillar 1091 and 1092
and then bonded to contact 1022 by bond 1022A. These components are covered by
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while the wire 1031 is looped. The studs can be made using a heated die or punch to
make part of the substrate deform to the die contour so that the stud or dimple (1091,
1092) protrudes above the surface of the substrate. This technique and equivalents are
common in the art, e.g. the embossing techniques used to create raised letters on a
plastic credit card. The studs may also be created by adding a preformed piece to the
substrate. One preferred added piece would be a molded plastic.

In a more preferred embodiment, pillars 1091 and 1092 are made with a tool that
deforms the substrate 141 at an acute angle with the substrate so that the angle opens
away from the chip 1011. In this way the wire 1031 will not slip off of the pillars 1091
and 1092 before the cover 1051 is applied. In an alternative preferred embodiment, the
pillars 1091 and 1092 are made so that the tops are larger in diameter than the bottoms
(the portion closest to the top surface of the substrate). This can be done by applying

pressure on the tops of the pillars to flare the top.

It is evident that one skilled in the art given this disclosure could develop equivalent

embodiments, which are also within the contemplation of the inventors.
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We claim:

1. A radio frequency tag apparatus comprising:

a. a semiconductor having logic and memory, the semiconductor being
mounted on a substrate;

b. a first and a second connection on the semiconductor, an impedance
being between the first and second éonnection, the impedance being
varied by the logic to modulate a radio frequency signal, the radio
frequency signal, the radio frequency signal having a frequency;

c. a first wire having a bound end connected to the first connection by a
wire bond connection and an open end that is unconnected;

d. asecond wire having a bound end connected to the second connection
by a wire bond connection and an open end that is unconnected; and

e. an organic cover that surrounds the semiconductor, the first and second
connections, and the first and second wires,
whereby the length of the first and second wires forms an antenna that
transmits or reflects the radio frequency signal and the length of the
first and second wires being determined by the frequency.

2. A radio frequency tag, as in claim 1, where the first and second wire
lengths are equal and each one is a quarter wavelength of the frequency in
length. |

3. A radio frequency tag, as in claim 1, where the semiconductor has more
than one pair of first and second connections and more than one pair of first
and second wires are bound to the first and second connections respectively,
the pairs of first and second wires each forming an antenna.

4, A radio frequency tag, as in claim 3, where a first pair of wires is resonant
at a first frequency and a second pair of wires is resonant at a second
frequency.

5. A radio frequency tag, as in claim 3, where at least one pair of first and

second wires is non parallel to at least one second pair of first and second
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6. A radio frequency tag, as in claim 1, where more than one first wire is
connected to the first connection and more than one second wire is
connected to the second c_onnection.

7. A radio frequency tag, as in claim 1, where the first and second wire are
between 25 to 250 microns in diameter.

8. A radio frequency tag, as in claim 7, where the first and second wire are
made of any one of the following: aluminium alloy, gold plated copper,
gold, gold alloy, copper, and copper alloy.

9. A radio frequency tag, as in claim 1, where the first and second wire are

between 10 mm and 1000 mm in length.

10. A radio frequency tag, as in claim 1, where the antenna is resonant at the
frequency. ' '
11. A radio frequency tag, as in claim 1, that has an adhesive between the

substrate and the cover, the adhesive fixedly connecting the wire, substrate

and cover together. '

12, A radio frequency tag, as in claim 11, where the adhesive is any one of the
co-polymers including ethyl-vinyl-acetate epoxy, silicon, and phenolic-
butyral.

13. A radio frequency tag apparatus comprising:

a. a semiconductor having logic and memory, the semiconductor being
mounted on a substrate;

b. a first and a second connection on the semiconductor, an impedance
being between the first and second connection, the impedance being
varied by the logic to modulate a radio frequency sigpal, the radio
frequency signal having a frequency;

¢. a wire having a first bound end connected to the first connection by a
wire bond connection and a second bound end that it is connected to
the second connection by a wire bond connection: and

d. an 6rganic cover that surrounds the semiconductor, the first and second

connections, and the wire,
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14. A tag, as in claim 13, where the total length of the wire is such that the
antenna is resonant at the frequency.

15. A radio frequency tag, as in claim 13, where the semiconductor has more '
than one pair of first and second connections and there is one wire
connected each pair of first and second connectors of the semiconductor
respectively.

16. A radio frequency tag, as in claim 15, where a first wire is resonant at a
first frequency and a second wire is resonant at a second frequency.

17. A radio frequency tag, as in claim 13, where the wire is between 25 to 250
microns in diameter.

18. A radio frequency tag, as in claim 17, where the wire is made of any of the
materials including gold, copper, gold plated copper, aluminium alloy,

copper alloy, and gold alloy.

19. A radio frequency tag, as in claim 13, where the wire is between 10 mm
and 1000 mm in length.
20. A radio frequency tag, as in claim 13, where the wire is held to the

substrate by one or more tabs.

21. A radio frequency tag, as in claim 13, where the wire is looped around one
 or more studs.
22. A radio frequency tag apparatus comprising:

a. two or more semiconductors each having logic and memory, the
semiconductors being mounted on a single substrate;

b. a first and a second connection on each semiconductor, an impedance
being between the first and second connection, the impedance being
varied by the logic to modulate a radio frequency signal, the radio
frequency signal having a frequency;

c. a first wire having a bound end connected to the first connection by a

wire bond connection and an open end that is unconnected;
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23.

24.

25.

26.

27.
28.

d. a second wire having a bound end connected to the second connection
by a wire bond connection and an open end that is unconnected; and
e. an organic cover that surrounds the semiconductors, the first and
second connections, 'qnd the first and second wires,
whereby the length of the first and second wires forms an antenna that
transmits or reflects the radio frequency signal and the length of the
first and second wires being determined by the frequency.
A radio frequency tag, as in claim 22, where more than one first wire is
connected to the first connection and more than one second wire is
connected to the second connection.
A radio frequency tag, as in claim 22, where the first and second wire are
replaced with a loop wire that has a first end connected to the first
connection and a second end connected to the second connection.
A radio frequency tag, as in claim 1, where the semiconductor has a first
and second battery comnection that are connected to a battery for
semiconductor power.
A radio frequency tag, as in claim 1, where the semiconductor is covered
by an encapsulant.
A radio frequency tag, as in claim 26, where the encapsulant is opaque.
A radio frequency tag, as in claim 13, where the semiconductor has a first
and second battery connection that are connected to ‘a battery for

semiconductor power.
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ABSTRACT

RADIO FREQUENCY IDENTIFICATION TAG

LS anv . one-—of
vy TT T T

The invention is a radio frequency identification tag comprising a semiconductor chip
having radio frequency, logic, and memory circuits, and an antenna that 'are mounted
on a substrate. The antenna may be used by the chip to modulate an incident RF signal
to transfer information to a base station. The antenna comprises one or more lengths
of thin wire that are connected directly to the chip by means of wire bonding. The chip

and antenna combination are sealed with an organic film covering.

Figure 1
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1. A radio frequency tag apparatus comprising:

a) a semiconductor having logic and memory, the
semiconductor being mounted on a substrate;

b) a first and a second connection on the semiconductor,
an impedance being between the first and second connection,
the impedance being varied by the logic to modulate a radio
frequency signal;

¢) a first wire having a bound end connected to the first
connection by a wire bond connection and an open end that
1s unconnected; :

d) a second wire having a bound end connected to the second
connection by a wire bond connection and an open end that
is unconnected; and

e) an organlc cover that surrounds the semiconductor, the
first and second connections, and the first and second
wires,

whereby the length of the first and second wires forms an
antenna that transmits or reflects the radio frequency
signal and the length of the first and second wires being
determined by a frequency of the radio frequency signal.
2. A radio frequency tag apparatus, as in claim 1, where
the first and second lengths are equal and each one is a
quarter wavelength of the frequency in length.

3. A radio frequency tag apparatus, as in claim 1, where

the semiconductor has more than one pair of first and second
connections and more than one pair of first and second wires
are bound to the first and second connections respectively,
the pairs of first and second wires each forming an antenna.

4. A radio frequency tag apparatus, as in claim 3, where a
first pair of wires is resonant at a frequency and a second
palr of wires is resonant at a second frequency.

5. A radio frequency tag apparatus, as in claim 3, where at
.least one pair of first and second wires is non parallel to
at least one second pair of first and second wires.
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the second connection.

7. A radio frequency tag apparatus, as in claim 1,

oL VWher
e first
connection and more than one second wire is connected to

Q.
aim 1,

where

the first and second wires are between 25 to 250 microns

in diameter.

8. A radio frequency tag apparatus, as in claim 7,

where

the first and second wires are made of any one of the
following: aluminum alloy, gold plated copper, gold, gold

alloy, copper, and copper alloy.

9. A radio frequency tag apparatus, as in claim 1, where
the first and second wires are between 10 mm and 1000 mm

in length.

10. A radio frequency'tag, as in claim 1, where the antenna

is resonant at the frequency.

11. A radlo frequency tag apparatus, as in claim 1, that has
an adhesive between the substrate and the cover, the
adhesive fixedly connecting the wire, substrate and cover

together.

12. A radio frequency tag apparatus, as in claim 11, where
the adhesive is any one of the co-polymers including
ethyl-vinyl-acetate epoxy, silicon, and phenolic-butyral.

13. A radio frequency tag apparatus comprising:

a) a semiconductor haVing logic and memory, the
semiconductor being mounted on a substrate;

b) a first and é second connection on the semiconductor,
an impedance being between the first and second connection,
the impedance being varied by the logic to modulate a radio

frequency signal;

¢) a wire having a first bound end connected to the first
connection by a wire bond connection and a second bound end
that is connected to the second connection by a wire bond

connection; and

d) an organic cover that surrounds the semiconductor, the

first and second connections, and the wire,
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whereby the length of the wire forms an antenna that
transmits or reflects the radio frequency signal and the
length of the wire being determined by a frequency of the
radio frequency signal.

14. A radio frequency tag apparatus, as in claim 13, where
the total length of the wire is such that the antenna is
resonant at the frequency.

15. A radio frequency tag apparatus, as in claim 13, where
the semiconductor has more than one pair of first and second
connections and there is one wire connected to each pair of
first and second connectors of the semiconductor
respectively.

16. A radio frequency tag apparatus, as in claim 15, where
a first wire is resonant at a first frequency and a second
wire is resonant at a second frequency.

17. A radio freduency tag apparatus, as 1n claim 13, where
the wire is between 25 to 250 microns in diameter.

18. A radio frequency tag apparatus, as in claim 17, where
the wire is made of any of the materilals including gold,
copper, gold plated copper, aluminum alloy, copper alloy,
and gold alloy.

19. A radlo frequency tag apparatus, as in claim 13, where
the wire is between 10 mm and 1000 mm in length.

20. A radio frequency tag apparatus, as in claim 13, where
the wire is held to the substrate by one or more tabs.

21. A radio frequency tag apparatus, as in claim 13, where
the wire 1s looped around one or more studs.

22. A radio frequency tag apparatus comprising:

a) two or more semiconductors each having logie and memory,
the semiconductors being mounted on a single substrate;

b) a first and a second connection on each semiconductor,
an impedance being between the first and second connection,
the impedance being varied by the logic to modulate a radio
frequency signal;

c¢) a first wire having a bound end connected to the first
connection by a wire bond connection and an open end that
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is unconnected;

d) a second wire having a bound end connected to the second

connection by a wire bond connection and an open end that
is unconnected; and

e) an organic cover that surrounds the semiconductors, the
first and second connections, and the first and second
wires,

whereby the length of the first and second wires forms an
antenna that transmits or reflects the radio frequency
signal and the length of the first and second wires being
determined by a frequency of the radlo frequency signal.

23. A radio frequency tag apparatus, as in claim 22, where
more than one first wires are connected to the first
connection and more than one second wires are connected to
the second connection.

24. A radio freqhency tag apparatus, as in claim 22, where
the first and second wires are replaced with a loop wire
that has a first end connected to the first connection and
a second end connected to the second connection.

25, A radio freqpency tag apparatus, as in claim 1, where
the semiconductor has a first and second battery
connections that are connected to a battery for
semiconductor power.

26. A radio frequency tag apparatus, as in claim 1, where
the semiconductor is covered by an encapsulant.

27. A radio frequency tag apparatus, as in claim 26, where
the encapsulant is opaque.

28. A radio frequency tag apparatus, as in claim 13, where
the semiconductor has a first and second battery
connections that are connected to a battery for
semiconductor power. B



