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This invention relates to a radio frequency circuit and memory in a thin flexible
package. More specifically, the invention relates to a thin flexible radio frequency
circuit used as a radio frequency tag. '

FIELD OF THE INVENTION

BACKGROUND OF THE INVENTION

Radio Frequency Identification (RF ID) is just one of many identification tech-
nologies for identifying objects. The heart of the RF ID system lics in an infor-
mation carrying tag. The tag functions in response to a coded RF signal received
from a base station. Typically, the tag reflects the incident RF carricr back to the
base station. Information is transferred as the reflected signal is modulated by -
the tag according to its programmed 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 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 cnergy from the RF signal used. to interrogate the tag. In general,
RF ID tags arc manufactured by mounting the individual clements to a circuit
card. This is done by using either short wire bond conncctions or soldercd con-
nections ‘between the board and the circuit clements: chip, capacitors, diodes,
antcnna. The circuit card may be of cpoxy-fibcrglass composition or ceramic.
The antennas arc gencrally loops of wire soldered to the circuit card or consist
of mctal ctched or plated on a circuit card. The whole assembly may be cnclosed
in a plastic box or molded into a three dimensional plastic packagc.

While the application of RF 1D technology is not as widespread as other 1D
technologics, bar code for example, RF 1D is on its way to becoming a pervasive
technology in some arcas, notably vchicle identification.

Growth in RF ID has been inhibited by the high cost of tags, the bulkiness of
most of the tags, and problems of tag scnsitivity and range. A typical tag costs
in the $5 to $10 range.

Companies have focused on nichc applications. Some prior art is uscd to identify
railway boxcars. These tags tend to be quite large and are made of discrete
components on circuit boards mounted in solid, non-flexible casings. RF tags are
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Tags exist that have the length and width of a standard credit card. However,
these cards typically are over 2.5 mm thick and have a non-flexible casing. Tags
also exist that have a credit card size length and width but with bumps where
circuit is placed that causes them to be too thick to fit in card reader machinery.

While some electronic article surveillance (EAS), e.g. antitheft devices, are thin
(0.3 mm) they typically contain limited amounts, (i.e., only one bit) of informa-
tion. Some of these devices can be turned off once but cannot be reactivated.

Figure 1A shows one prior art structure of a radio frequency tag 105. The tag
105 has a chip 110 mounted on a substrate 115. The chip 110 has contacts 120
that are connected to circuitry on the substratc [15 by wire bonds 125. An
encapsulation material 130 covers the chip for environmental protection. The
thickness of this tag 105 is determined by the combined thicknesses of the chip
components. Typically, substrates in these tags arc at least 10 mils, .25 mm, in
thickness, the chip 110 along with the high loop 122 of the bond vary from 20 to
40 mils, .5 to | mm, in thickness and the encapsulation 130 is about 10 mils, .25
mm in thickness. As a result, tags 105 of this structure vary from a minimum
of 40 to 60 mils, | to 1.5 mm, in thickness. This structure is too thick for many
potential tag applications.

Figure 1B shows another prior art structurc 150 showing a chip 110 with the chip
contacts 120 connccted to circuitry contacts 155 with conducting adhesive 160.
The substrate 165 of this structurc 150 is typically made as a FR4/printed circuit
(thickness 40 to 60 mils, 1 to 1.5 mm) or flexible substrate (10 mils, .25 mm). The
chip 110 and-adhesive 160 add another 20 to 40 mils, .5 to I mm, io the thickness
and thc cncapsulation 130 adds still another 10 to 20, .25 to .5 mm mils in
structure 150 thickness. This structure thercfore can vary in thickness from 80
to 130 mils, 2 to 3.5 mm, making it thicker than the structurc in Figure 1A.

Other thick structures arc known in the art. These include quad flat pak (QFP)
and/or small outlinc pak (SOP) as componcnts. Structures madc with thesc
components arc at Icast | mm thick and usually 2 to 3 mm thick.

PROBLEMS WITH THE PRIOR ART

Prior art teaches that there is a long fclt nced to manufacture thin RF 1D tags
on flexible substrates. However, while the goal of a thin flexible tag is desired,
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The prior art has failed to produce a thin tag because: care is not been taken to
make each of the elements thin; elements are stacked one upon the next; and the
antenna and connecting conductors require more than one plane of electrical
wiring, ie. the designs use cross-overs for completing interconnections. As ele-

ments are stacked and layers are added the package grows thicker and flexibility

is lost.

Another prior art reference discloses a package with a total thickness of 0.8 mm.
This is still greater than the ISO standard credit card thickness of 0.76 mm.
Furthermore, while thin elements are disclosed, no care is taken to use flexible
materials throughout. The components are mounted on a hard circuit card and
encapsulated in plastic. (Hard means can not be torn casily by hand.) The result
a is rigid package. The prior art has not shown the use of thin flexible laminate
covering matcrials for the packages. The results arc that the packages are thick,

and inflexible.

OBJECTS OF THE INVENTION

An object of this invention is an improved thin radio frequency tagging appara-
tus.

An object of the invention is a flexible radio frequency tag apparatus with a thin
flexible protective lamination. .

An object of the invention is a flexible radio frequency tag apparatus that may
fit within the thickness limit of an [SO standard credit card, a passport cover, a
postage stamp, an anti-theft device, or an admission tickct.

SUMMARY OF THE INVENTION

The present invention is a novel radio frequency (RF) tag that compriscs a
semiconductor circuit that has logic, memory, and radio frequency circuits. The
semiconductor is mounted on a substrate and is capable of receiving a RF signal
_through an antcnna that is electrically connccted to the semiconductor through
connections on the semiconductor.
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adjacent to one another, i 1e they are not stacked. Elements of the package, the
substrate, antenna, and lammatcd covers, are flexible. The elements are all thin
such that the total package thickness including covers does not exceed that of an
ISO standard credit card. The resulting tag package, comprised of thin, flexible
components arranged and connected in a novel way; is also thin and flexible.
Accordingly, this enables a novel range of applications that include: RF ID tag-
ging of credit cards, passports, admission tickets, and postage stamps. -

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1, comprising Figurcs 1A and 1B, is a drawing showing the cross section
view of two typical embodiments in the prior art.

Figure 2 is drawing showing a cross section of one preferred embodiment of the
present thin RF ID tag.

Figure 3 is drawing showing a cross section of one preferred embodiment of the
present thin RF ID tag with an apcrture in the substrate.

Figure 4 is a top view of the thin tag showing a dipole antenna.

Figure 5is a iop view of a thin tag having more than onc folded dipole antennas.
Figurc 6 is a top view of a thin tag having a battery included in the circuit.
Figurc 7 comprises Figurcs 7A - 7E which arc cross scctions of prior art chip
bonds to substrates by mcans of thermocompression bonding (Figure 7A), ultra-
sonic bonding (Figurc 7B), C4 solder bonding (Figurc 7C), conductmg adhesive
bonding (Figurc 7D), and spot wclding (Figurc 7E).

Figurc 8 shows a thin tag used as a postage stamp.

Figurc 9 shows a thin tag placed in the cover of a passport using a resonant loop
anlcnna.

Figurc 10 shows a thin tag uscd on an admission ticket.
Figure |1 shows a thin tag uscd as an antitheft device.

. Figure 12 shows a thin tag placed inside a crcdit.card.
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DETAILED DESCRIPTION OF THE INVENTION

Figure 2 shows a side view of a novel RF ID tag 200. The chip 210 is located on
a flexible substrate 220. The chip 210 with bumps 225 on contacts 222 is bonded
to an antenna 230 contained on the substrate 220. The package is sealed by thin
flexible laminations 270 consisting of a hot-melt adhesive 250 such as EVA on the
inside and an outer coating 260 of a tough polymeric material on the outside.

The antenna is manufactured as an integral part of the substrate. It will consist
of thin, typically 25 to 35 micron thick copper lines which have either been etched
onto a copper/organic laminate or plated on the organic surface. The thinness
of the copper maintains the flexibility of thc substratc. Typical materials used
are polyester or polyimide for the organic and electroplated or rolled annealed
copper. The copper may be gold or tin plated to facilitate bonding. The chip is
connected to the antenna lines by mcans of bumps on the chip, either plated gold
bumps for thermocompression bonding or C4 solder bumps for solder bonding
are preferred. The bumps 225 then become the connecting lines. Since they are
only on the order of 25 microns or so they will not degrade electrical performance
by introducing unwanted inductance into the circuit. The novel design has a
single metal layer with no vias in the flexible continuous film. By using only one
level of metal to produce the antenna and interconnections, the package is kept
thin. Further novelty of the invention includes arranging the components (chip
and antenna and possibly a battery) in adjacent proximity to one another. This
means that thc components are close (i.c., not stacked). In a more preferred em-
" bodiment the closeness is insured becausc the chip 210 is bonded directly to the
antenna 230 without thc use of crossovers in the circuit. This is accomplished by
using cither a dipole or folded dipolc antenna that is resonant rather than using
a multiloop antenna which rcquires cross-overs for conncction. Thus all of the
wiring is placed in a single planc. Keeping the antenna adjacent to the chip,
- avoiding cross-overs and stacking, also contributes o keeping the package thin.

To maintain the thinness of thc package, the chip. is made to be 225 to 375
microns thick by thinning. In general, scmiconductors are manufactured on thick
wafers, up to 1 mm thick. Thinning may bc donc by polishing or backgrinding
of the wafer after manufacture. All clements and bonds are very thin. The cle-
ments arc preferably: the chip (and battery if uscd) arc 10 to 12 mils (250 to 300
microns) thick or thinncr; the bonding structurcs arc 2 mils (50 um) or lcss; fam-
inating materials 2 to 4 mils (50 to 125um) per side; to producc total thickness
preferably of about 20 mils (500 um) but lcss than 30 mils (750 um). Bonding
mechanisms do not add to thickness of thc tag as would techniques like
wirebonding.
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. Figure 3 shows a side view of a unique RF ID tag 300. The chip 310 with con-
tacts 322 and bumps 325 is bonded to antenna 330 thru window 315 in substrate
320. In a more preferred embodiment, encapsulant 340 is used to protect the chip
310, the bonds 325 on contacts 322, connected to antenna 330 located in window
315 between substrate 320 from environmental exposure. In a still more ecmbod-
iment, the package is scaled by thin flexible laminations 370 consisting of hot melt
adhesive 350 such as EVA on the inside and an outer coating 360 of a tough
polymeric matcrial on the outside. In an alternative preferred embodiment, layer
370 comprises a single layer of organic material.

In order to further reduce the thickness of the package, the substrate is manu-
factured with a window allowing the insertion of the chip into the window. Thus,
the thickness of of the substrate is not added to the thickness of the chip. The
window is produced in organic matcrials, polyimide or polyester by either etching
or punching. In addition, the window may be used to allow the coating of the
chip with a thin layer of encapsulation material. Hysol cpoxy 4510 is one such
material. The encapsulant does not add substantially to the total package thick-
ness, adding perhaps 50 microns, but does provide additional environmental
protection for the chip. Opaque matcrials in the encapsulant protect light sensi-
tive circuits on the chip. In this cmbodiment, the antenna and the center of the

chip can be coplanar.

Figure 4 shows a top view of the thin RF ID tag 400. The chip 410 is located
within a window 450 placed in a flcxible substratc 420. The chip 410 is bondcd
10 contacts 425 on the flexiblc substrate 420 which arc connccted (o a chpolc an-
tenna 430 containcd on the substratc.

Figure S shows a top view of the thin RF ID tag 500. Thc chip 510 placed in the
window 550 is bonded® Lo contacts 525 on the flexible substratc 520 which arc
connected to more than onc folded dipole antenna 530 and 531 contained on the
substratc.

Figurc 6 shows a top view of thc thin tag 600. Thc scmiconductor chip 610 is
connected to a folded dipole antcnna 630 by mcans of contacts 625. The antcnna
1is contained in the substrate 620 as described above. A thin battery 660 is con-
nected to the chip 610 at by leads 661 and 662 bondcd at contacts 625.
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The battery has short connecting lines 661 and 662 providing electrical continuity
between the battery and the chip. The battery is placed adjacent to the chip, not
stacked upon the chip. The battery thickness of about .25 mm keeps the battery
flexible. The antenna is designed such that it is also adjacent to the battery.
There is no overlap. The wiring-is kept in one plane and all of the elements (chip,
battery, antenna) are coplanar; there is no stacking. As a result, the package is
thin and flexible. '

The bonding method for attaching batteries to prior art radio frequency tags in-
clude some of the techniques described below, i.e., soldering, conducting adhesive;
and wire bonding. In addition, spot welding may be used. In spot welding,
shown bclow in Figure 7E, the battery connection pads are pressed to contacts
on the substrate while a low-voltage high-currcnt puilse bonds the two metals to-
gether. : '

In one preferred embodiment, the metallurgies. on the battery, chip, and substrate
are such that the battery attaching mechanism is consistent with the method and
mechanism of the chip attachment. For cxample, use of tin plating on the
substrate to enable chip bonding may preclude use of conductive adhesive to at-
tach the battery but might allow usc of gold plating to cnable attaching of both.

A more preferred embodiment used to make a thin flexible rugged package uses
robust chip attach techniques such as thermocompression (TC) bonding used in
TARB technology. Using TC bonding for the chip and spot welding for the battery
is a novel combination of bonding techniques that enables attachment of the
battery to a flcxible substrate 620. In one preferred embodiment, the substrate
is a TAB polyimide or polycster. :

Figurc 7 shows different types of bonding available in the prior art to attach
chips o circuitry that arc on the substratc when producing an RF tag. These
include thcrmocompression bonding, ultrasonic single point bonding, soldering,
and conductive adhesive.

In Figurc 7A, using thermocompression bonding, suitable mctal surfaces arc
brought into contact with pressurc 750 and heat 740 applicd by thermode 720 to
form a mectal-to-metal bond 760 usually gold bumps 730 on chip 710 to gold-
plated lcads 706 on substratec 705 which rests on lower thermode 780. Many
lcads arc bonded at once (gang bonding). This is usced cxtensively for reel-to-recl
TAB (tapc automated bonding). :

Figurc 7B shows ultrasonic singlcpoint bonding a variation on
thermocompression bonding for TAB whcre somc ultrasonic energy is substituted
for some pressure. One bond is done at a time. This bonding type also requires
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structure 159,aROWdSndwsNsdddrdflg or C4 solderbonding where small lead/tin solder
bumps 746 are used as the connecting medium between chip 716 and pads 726
on substrate 736. The reflow is carried out while the substrate is carried on
platform 756 through oven 786. This usually requires the application of solder
flux for reflow of the solder at elevated temperature.

Figure 7D shows conducting adhesive bonding where a metal-filled adhesive 744
is applied to form the connecting medium between chip pads 740 on chip 714 and
the substrate pads 724 on the substrate 734, Heat 774 and pressure 784 are ap-
plied by pressing between thermodes 764 and 754.

Figure 7E shows spot welding where welding tips 755 and 7635 separated by gap
775 are pressed to conductor 745 held in contact with conductor 735 placed on
insulating substrate 725. Current 785 heats the wclding tips 755 and 765 to make

the bond.

Figure 8 shows an RF postage stamp 800 containing a thin RF tag 810 which
consists of antenna 815, battery 820, and chip 830 affixed to envelope or package
840. This tag 810 can be any of the embodiments described above. In this ap-
plication, the cover (typically 270 of Figure 2 and 370 of Figure 3) for the tag is
the paper of the stamp. Adhesives, such as acrylics, are used to sandwich the tag
between thin paper. These adhesives would correspond to the layer 250 in Figure
2 and 350 in Figure 3. The top surface (of one side 270, 370) can be printed with
the appropriatc graphics while the bottom surface has a pressure sensitive adhe-
sive (of the other side 270, 370 in the casc of a tag laminated on two sidcs), also
acrylic, to bond the stamp to a package or lctter cnvelope. The RF tag would
contain information about mailing used to track a letter or parccl on which the
stamp is placed. Alternatively, the RF tag 850 could be enclosed in the parccl
membranc or or in the wall of the cnvelop 840. In another, embodiment the RF
tag could be placed within the parccl or cnvelop. '

Figurc 9 shows the thin RF tag 920 embedded in the cover 910 of passport 930
to form an RF passport 900. Hecrc the tag is sandwiched between the paper
covers of the passport. The tag can have an environmental laminate(s) (270, 370)
as described above or alternatively, the passport cover can be used as the lag
laminate(s) (270, 370). The tag contains in its-mcmory information on the iden-
“tity of the passport owner, visas, datcs of entry, restrictions, or any other desira-
ble information. The information may be in encrypted form for added security.

" The encryption “key” Would be a software codc that is held and used solely by the
agency issuing the passport. The decncryption key may be madc public so that
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Figure 10 shows admission ticket 1010 containing RF tag 1020. The tag is again
enclosed bctween paper covers or other laminates. The ticket may be a simple
admission ticket or entitlement such as an airline ticket or a food stamp. How-
ever, the tagged ticket may also serve as a tracking device.

Figure 11 shows a CD 1140 encloscd in box 1120 with an RF ID antitheft tag
1130 affixed to the box 1120. The tag serves as both a barcode replacement, in-
ventory device, point of sale device, and as an antitheft device. Information on
product variety, price, date of manufacture and sale may be carried by the tag.
Additional bits of information in the memory of the circuit may be changed at the
time of sale to indicated that the item may be taken from the store.

Figure 12 shows ISO standard credit card 1210 containing an RF tag 1220. The
credit card may serve as an ATM card, frequent flycr card, library card, phone
card, employce 1D, medical ID card, gasolinc credit card or any credit or debit
card. The covers (laminates 270, 370) of the tag could bc the covers of the credit
card, preferably PVC laminations. The core of the credit card, .5 mm thick, has
a window placed in- it at the time of manufacture. The .5 mm thick tag package
is placed in the window and then scaled into the card. The resulting credit card,
including the tag, will not only have the length and width that meet.the ISO
standard, but the thickncss as well.

In another embodiment of the present invention, shown in Figure 13, the RF tag
1320 is placc within a vehicular drivers liccnse 1310 in the same manner as de-
scribed above. The allow information on the RF tag to be uscd for personal
identification, driving record, organ donor information, restrictions, proof of
identity and age, ctc. The information can be cncrypted for sccurity purposcs.
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of a We claim:
I. A thin flexible electronic radio frequency tag circuit comprising;
la. an insulating, flexible substrate;
b. an anten'-na that is an integral part of the substrate and that has terminals;

c. a circuit chip having a modulator circuit, a logic circuit, a memory circuit, and
chip connectors and being on the substrate in adjacent proximity to the antenna;

d. one or more connecting lines between the antenna terminals and the chip con-
nectors, the connecting lincs being coplanar with the antenna and antenna ter-
minals. (coplanar means no vias, crossovers, etc. single plane of wiring. Adjacent
means no stacking of clements.)

2. A circuit, as in claim 1, where the substratc is organic.

3. A circuit, as in claim 2, where the substrate is polyimide.

4. A circuit, as in claim 2, where the substrate is polyester.

5. A circuit, as in claim I, where the connecting lines are any of the bonding types
including thermal compression, single point bonding, C4 bonding, and conductive

adhesive.

6. A circuit, as in clalm 1, where the substrate has an aperture into with the chip
is placed.

7. A circuit, as in claim 1, where the chip is covered by an encapsulant.
8. A circuit, as in claim 7, where the cncapsulant is opaquc.

9. A circuit, as in claim 7, where an organic caver surrounds the chip, the
encapsulant, the substrate, and the antenna.

10. A circuit, as in claim |, that is laminated by onc or more layers.

[1. A circuit, as in claim 10, that is laminated by a two layer laminate comprising
a hard outer layer and a adhcsive inncr layer.

1_2. A circuit, as in claim 10, where the circuit is laminated on onc side.

Y09-94-180 o L0-
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14. A circuit, as in claim 9, where the outer laycr is one of the materials including
polyester, mylar, polyimide, and polyethylcne.

15. A circuit, as in claim 11, where the adhesive is onc of the materials including
ethyl vinyl acetate (EVA), phenolic butyral, silicone adhesive etc.

16. A circuit, as in claim 1, where the antcnna is a resonant antenna and is any
one of the following structures including folded dipole, half-wave dipole, and

loop.

17. A circuit, as in claim 1, where a battery is also affixcd to the substrate in ad-
jacent proximity to the antenna and chip and is connected by one or more battery
connecting lincs to two or more chip battery contacts where the battery connect-
ing lines and the battery contacts are coplanar with thc antenna and connecting

lines.

18. A circuit, as in claim 17, where the battery contacts are connected to the
battcry connccting lines by any of the bonding types including spot welding,
soldering, thermocompression bonding, and conducting adhesive.

19. A circuit, as in claim 17, where the battery contacts are connected by spot
welding and the chip contacts are connected to the antenna by
thermocompression bonding.

20. A circuit, as in claim 1, wherc the chip has at least onc chip dimension less
than 300 . microns (12 mils), thc antcnna has at Icast onc antenna dimension lcss
than 35 microns (1.4 mils), and the substratc has at lcast on substrate dimension
Icss than 125 microns (5 mils) whereby the circuit has at least onc circuit dimen-
sion less than 508 microns (20 mils).

21. A circuit, as in claim 20, where the chip memory has ml'mmatmn about
mailing and the circuit is applicd to a mailed letter or parcel.

22. A circuit, as in claim 21, where the RF tag is enclosed within a stamp.

23. A circuit, as in claim 21, where the RF tag is enclosed within the parcel or
envelop membranc.

24. A circuit, as in claim 20, where the tag is enclosed in a passport.

~ 25. A circuit, as in claim 20, where the tag is encloscd in an admission ticket.

. e
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electrical wiring, ie. ros-mmgﬁgm,&smglzgt ng

dnterconnections. As el|m‘@ﬁ E! ﬁlgd ad | ay@epLACEDadded|it he package

‘grows thicker and fl exi Anot herE=prFsr—art—reference

di scl oses a package with a total thlckness of 0.8 nm This is sti II greater

than the ISOg ﬁndard credl 58 t hi ckness of ., 0. 76 Fur t her no whi | e
circuit, as in c alm that i1s enclosed in an article and the tag as infor-

thin el enent
mation to prevent theft.

27. A circuit, as in claim 10, where the circuit has at least one tag dimension is
less than 760 microns (30mils).

28. A circuit, as in claim 27, that is encapsulatcd as an ISO standard credit card
size package.

29. A circuit, as in claim 20, where the tag is enclosed in a drivers license.

This Sheet Has Been Rei
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‘are disclosed, no care is taken to use flexible mterigl

corrbonents are mounted on a hard circuit card and \ RSt C.
(Hard nmeans can not be torn easily by hand.) The rlesult ' +‘ai d_pickage.
The prior art has not shown the use of thin erX| . :._—e---—-“"'"‘"'

materials for RADICKREQGUENTYCIREUI A > MES ) 5.0 lhEck,

and inflexible. OBJECTS OF THE IN\/EI\FI'I [;ect of this |nvent| on is an
i nproved thin radi o frequency taggi ng appar at us. An object of the invention
is a flexible radio frequency tag

ABSTRACT

The present invention is a novel thin and flexible radio frequency (RF) tag that
comprises a scmiconductor circuit that has logic, memory, and radio frequency
circuits, connected to an antenna with all interconnections placed on a single
plane of wiring without crossovers. The elemcnts of the package (substrate, an-
tenna, and laminated covers) are flexible. The clements of the package are all
thin. The tag is thin and flexible, cnabling a unique range of applications in-
cluding: RF ID tagging of credit cards, passports, admission tickets, and postage

stamps.

) STiTIiﬁlfﬁﬁlllﬁlaced -
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" REPLACEMENT SHEET - 7- Dﬁtli : 12 SEP 1996 apparatus with a thin
flexi'ble protective | am nation. A Q) ect of the invention is a flexible
~radio frequency tag apparat usLsJIRatYQ&QJﬂ'flﬁg within the thickness Iimt of an
"I SO standard credit card, a passport cover, a postage stanp, an anti-theft
device, or an adm ssion ticket. SUMVARY OF THE | NVENTI ON

FIG.1A
PRIOR ART 05
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FIG. 1B
PRIOR ART 150
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The present invention is a novel radi @/f@equency (RF) tag that conprises a
sem conductor circuit that has | ogiyg99uwengQ@, and radio frequency circuits
The sem conductor is nounted on a substrate and is capable of receiving a
RF signal through an antenna that is electrically connected to the

sem conduct or through connections on the sem conductor. The present
invention is a novel structure of a radio frequency tag design that is thin

and flexible. The tag has the antenna and all interconnections placed on a
single plane of wiring without crossovers. The el enents of the package are
pl aced adj acent to one another, i.e., they are not stacked. Elenents of the

package, the
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‘substrate, antenna, and | ani nated coyeres, are flexible. The

REPLACEMENT SHEET - 8- el enents arg ggh_f@in such that the total package
thickness including covers does n 9 cg d that of an | SO standard credit

card. The resulting tag package, conprised of thin, flexible conponents
arranged and connected in a novel way, is also thin and flexible.
Accordingly, this enables a novel range of applications :

FIG.3
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that jnclude: RF 1D taggi ng of cre il cards, passports, adm ssion tickets,

and postage stanps. BRI EF DESCRI PTI OF THE DRAW NGS Figure 1, conpri sing

Figures 1A and 1B, is a draw ng HBG-A80t he cross section view of two

typi cal enbodinments in the prior art. Figure 2 is drawi ng showing a cross
section of one preferred enbodi ment of the present thin RF ID tag. Figure 3
I's drawi ng show ng a cross section of one preferred enbodi nent of the

present thin RF ID tag with an -aperture in the substrate. Figure 4 is a top
view of the thin tag showi ng a dipole antenna.

FIG. 4
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~ REPLACEMENT SHEET Date: 12 SEP 1996 F|g R o is a top view of a thin tag
havi ng nore than one fol ded dlpoler%ﬁt%ngﬁé Figure 6 is atop view of a
thin tag having a battery included % ircuit. Figure 7 conprises
Figures 7A - 7E which are cross sections of prior art Chlp bonds to
substrates by neans of thernobconpressi on bondi ng

FIG.6
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‘( Figure 7A), ultrasonic bonding (Fi ol 7B), C4 sol der bonding (Figure 70,
conducti ng adhesive bonding (Fi guygggf) (gand spot wel ding (Figure 7E).
Figure 8 shows a thin tag used as a postage stanp. Figure 9 shows a thin
tag placed in the cover of a passport using a resonant |oop antenna. Figure .
10 shows a thin tag used on an adm ssion ticket. Figure 11 shows a thin tag
used as an antitheft device. Figure 12 shows a thin tag placed inside a
credit card.
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* REPLACEMENT SHEET - 10- Dat & {2 SEP 1996 Figure 13 shows a thin tag

pl aced inside a license. DETAI LEFy®ESORPTI ON OF THE | NVENTI ON Fi gure 2
shows a side view of a novel RF ID tag 200. The chip 210 is |ocated on a

“flexible substrate 220. The chip 210 with bunps 225 on contacts 222 is

bonded to an antenna 230 contained on the substrate 220. The package is
sealed by thin flexible |lam nations 270 consisting of a hot-nelt adhesive
250 such as EVA on the inside and an outer coating 260 of a tough polyneric
material on the outside.

FIG.7D / %
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~“The antenna is manufactured as an i&fﬁbral part of the substrate. It wll
consi'st of thin, typically 25 toY8894+d8®n t hi ck copper |ines which have

ei ther been etched onto a copper/organic |lam nate or plated on the organic
‘surface. The thinness of the copper nmaintains the flexibility of the
substrate. Typical materials used are polyester or polyimde for the
organic and el ectroplated or rolled anneal ed copper. The copper may be gold
or tin plated to facilitate bondin e chip is connected to the antenna

- lines by. means of buaps on the chi e&% plated gol d bunps for

t her noconpr essi on bonding or 4 solder unps for sol der dﬂﬂging are
préeferred. The bunps 225 then becone the connecting linessZ Since
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~“Date: 12 SEP 1996 they are only on t i%rder of 25 mcrons or so they wll
not degrade el ectrical performance b inbroducing unwant ed i nductance into
the circuit. The novel design has! &9 ”ﬂé e nmetal layer with no vias in the
‘flexible continuous film By using only one |evel of nmetal to produce the

~antenna and interconnections, the package is kept thin. Further novelty of
the invention includes arrangi ng the conponents (chip and antenna and
possibly a battery) in adjacent proximty to
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~ one anot her.

1n a'nore preferred enbodi nent t
210 is bonded directly to the an

the circuit.
ant enna t hat

si.ngl e pl ane.

cross-overs and stacki ng,

mai ntai n the thinness

Thi s nmeans that the cq

IS resonant
requires cross-overs for connection.
Keepi ng the antenna adjacent to the chip,
_ t he package thin.
the chip is made to be 225 to 375

ggmnents are cl ose

Thus all

al so contributes to keeping
of the package,

(i.e.,

avoi di ng

not stacked).
ess is insured because the chip

?@ﬁﬁ ;@8 wi t hout the use of crossovers in

This is acconplished by using either a dipole or fol ded dipole

rather than using a nmultiloop antenna which

of the wiring is placed in a

m crons thick by thinning. In general, sem conductors are
FIG.
FI1G. 12 1900
Ve
(ﬁ r \\\1210
20— Credit Card
..
: N2
1234 5678 910 Py
JOHN A. DOE @D
\_ EXPIRES 12/31/95 )
F:|(3. 135 1300
e
( _ )
NEW YORK STATE /] |
2 1995 DRIVER LICENSE
COMMISS'IZ(I;NER DOE JOHN A
{234 SOMEPLACE
ANYWHERE, N.Y. {1400
S/ ABCDEF-=-----
=39l w39
\V (v‘b L-_J




néngfactured on_Lthk«Ma#erér—up“to 1 nn1thick; Thi nning may be done by
pol i shing or backgrlndlﬁﬂ ﬂh@% waf er after manufacture. Al elenments and

bonds are very t are preferabl L]
REPLACEMENT SHE 6 the chip (a RIEm_AcEM ENT
12 mils (250 to 3b0 n1crons) thick or tHhitAfer; 4? nj
mls (50 um or less; lamnating materials 2 tu Es

side; to CLAIMS —
- rm.s SHEET HAS BEEN |

are 10 to
a tlires are 2
125’n) per

We claim: REPLACED

1. A thin flexible elactronic radio frequoncy tag circuit
compriainq,

a. an insulating, flaxible-substra:c:

b. =mn antenna that is an integral part of the substruﬁe and
that has terminals;

€. & circuit chip having a modulator circuit, a logic
circuit, a memory circuit, and chip connectors and being on
the substrate in adjacent proximity to the antenna;

d. one or more connecting lines between the antenna
tarminale and tha.chip connectors, the conhecting lines
being coplanar with the antenns and antenna terminals.

2, A circult, as in claim 1, wherein the substrate 15
organic,

3, A circuit, as in claim 2, wherein the substrate is
polyimids. .

4, A eircuit, as in claim 2, wherein the substrate is
polyaster.

5. A circult, as in claim 1, wherein the connecting lines
are bonded to the chip connectors using any of the. bonding
types including thermal compression, single point bonding,
C4 bonding, and conductive adhesivs,

8. A airouit, as in claim 1, wherein the substrate hasg an
aperturs inte with the c¢hip iz placed,

7. A circuit, as in claim 1, wherein the chip is covered by
an sncapsulant.

q. A aoircuit, as in claim 7, wherein the encapsulant is
opagque.

9. A cirouit, as ‘in claim 7, wherein an organic cover .
surrouynds the chip, the sncapsulant, the subatrate, and the -
antenna,

is Sheet Has Been Replaced




prBduce'totaI t hi ckness preferably_pf about 20 nlls 4b
30 mils (750 um~ Bondi ng nmechani sns do not add hi== e

~woul d techniques E ml“(mm” - Al 't hough not r-eqc&'pLRdEME‘N?rﬁl
®

1efred

enbodi ment, a uni ring material 27 HL ate upon
one or both sides t het pdtkd&ge’ I n anaother preDmbteg ? O -t he

material consists of two |ayers (250 26@} A so Ce—potH sych 1s
et hyl -vinyl -acetate is |ocated on the inside 250 surface of the cover.
Tough pol yestid i & rdzgust, oms tie daim de whereinf e ormandcc SANRRaLEon
provi des envionmmwednthe paterislsnindiuddngapatinesten, tnpls cpolyiimideof the
package. Typiard pollyekhgliene, of the covers

11. A c¢ircuit, as in claim 1, that i¢ laminated bf one or
more layers.

12, A circuit, as in ¢laim 11, that is laminated by a two
layer laminate comprising n hard outer layer and a adhesive
inner layer.

13. A circuit, as in claim 12, wherein the adhesive is one
of the materials including ethyl vinyl acetats (EVA),
phenolic hutyral, and silicone adhasive.

14. A circuit, as in claim 11, wherein the circuit 1isa
laminated on one side.

15, A ecircuit, as in claim 11, whersin the circuit is
laminated on two sides,

16, A circuit, as in claim 11, whezein the circuit has at
least one tag dimension that 1s less than 760 microns

(30mils).

17. A cirecuit, as in claim 16, that ig sncapsulated as an
International Organization for Standardization (ISO)
standard credit card size package.

18, A circuit, as in claim 1, wherein the antenna ia a
rasonant antenna and ig any one of ths following structures
including folded dipole, dipole, mnd loop.

18, A ¢irouit, as in claim 1, wherein a battery is alse
affixed to the substrate in adjacent proximity to the
antenna and chip and is connected by one or more battery .
connecting lines to two or more chip battery contacts whare
the battery connaecting lines and the battery contacts ars
coplanar with the antenna and connecting liness,

“‘ﬁﬁ'iimi’iilﬁm i



range from50-to125-mi-erens:

=STg| p=tayer—of
‘as polyeth sed f Eﬂﬁ@HEﬁg IASIBREN: |13 #
uni que RF ,!ﬂmﬁ D 310 VRERL actsji32p an
bonded to fow 315 11H SUDSITate [B 1.
enbodi nment, encapsul ant 340 |s used to p#érect t he ‘et
on contacts 322, REPLACEMVENT SHEET Date: 12 SEP 1996

20, A ¢ircult, as in claim 19, whersin the battery contacts
are connected to the battary connecting lines by any of the
bonding types including spot welding, soldering,
thermocompression bonding, and conducting adhesive.

21, A circuilt, as in claim 19, wherein the battery contacts
are connected by spot welding and the chip contacts are
. connected to the antenna by thermocompression bonding.

22. A circuit, 4s in claim 1, wherein the chip hams at least
one chip dimension less than 300 microns (12 mils), the
antsnna has &t least one antenna dimension less than 35
microns (1.4 milse), and the substrate has at leasgt one
substrate dimension less than 125 microns (5 mils) whereby
the circuit has at least one circult dimension less than
508 microns (20 mils).

23, A circuit, asg in claim 22, wherein the chip memory has
information about mailing and the circuit is applied to &
malled letter or parcel.

24, A circuit, as in claim 23, wherein the RF tag is
enclosed within a stamp.

25, A circuit, as in claim 23, wherein the RF tag is
_encloged within the parcel or envelop membrane.

26, A olrcuit, ag in claim 22, wherein the tag is enclosad
in & passport.

27. A ¢ircult, as in ¢laim 22, wharein the tag 1s snhclosed
in an admiseion ticket.

28. A circuit, as in claim 22, that ig enclosed in an
article and the tag has information to pravent theft,

29, A circuit, as in claim 22, wherein the tag is enclosed
in a drivers licenss.

Sheet Has Been Reﬂlaced
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Date: -13- iconnectled to antenna 330 | ocated in wi ndow 315 between substrate
320 from environnental exposure. In a.still nore enbodi nent, the package is

such as EVA on the inside and an outer coating 3 i C
material on the outside. In an-alternative prefer er 370
conprises a single layer of organic material. In ‘Telluce
t he thi ckness of the package, the substrgig is ma yetgret-wrtn a w ndow

allowing the insertion of . et

RADIO FREQUENCY CIRCUIT AND MEMORY IN THIN FLEXIBLE PACKAGE
FIELD OF THE INVENTION

This invention relates to a.radio frequency circuit and memory in
a thin flexible package. More specifically, the invention relates
to a thin flexible radio frequency circuit used as a radio frequency

tag.
BACKGROUND OF THE INVENTION

Radio Frequency Identification (RF ID) is just one of many
identification technologies for identifying objects. 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. Typical..ly,' the tq& ;t'éfiegts .tlhe, incident RF carrier back
to the base station. Informa'i'..'ion. isltr-ansferred as the reflected

signa.;}'-_#;':_g. :"modulatfe,q_.- by, the tag according to its programmed

I~

s ! S
information protocol. |

The tag consists of a semiconductor chip having RF circuits, logic,

- .and memory. The tajlg also has an aﬁtenna, often a collection of



the chi p into the window. Thus, the thickness of of the substrate is not
added to the thickness of the Chl p. The wi ndow i s produced |n organl C

pat eri al s,
addi ti on,

thin Iayer of encapsul ation material. Hysol epoxy #5104 §<Skh

mat eri al .

t hi ckness,

pol yi mi de or polyester by either etching=er—pus
the wi ndow may be used to all ow the coat YTQEMAGMTIB&EEH

The encapsul ant does not add substanti al llyDdte:.t.he. I.ota.l pac age
addi ng perhaps 50 m crons, but, does pr ovee=adei ot

environnmental protection for the chip. Cﬁ%que materials in the encapsul ant
protect light sensitive circuits on the chip. In this enbodi nent, the
antenna and the center of the chip can be copl anar.

discrete components, capacitors and ,diodgs, 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-fiberglass 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 pléstic box or molded into a three

dimensional plastic package.

While the application of RF ID technology is not as widespread as
other ID technologies, bar code for example, RF ID is on its way to
becoming a pervasive technology in some areas, notably vehicle

jdentification.

Growth in RF ID has been inhibited by the high cost of tags, the

“bulkiness of most of the tags, and problems of tag sensitivity and



REPLACEMENT SHEET Date :12 SEP 1996 -14- Figure 4 s
thin RF ID tag 400. The chip 410 is located within
fl exi bl e substrate 420. The chip 410 is bonded to ¢
flexible substrate 420 which are connected to a dip
contai ned on the substrate.

range. A typical tag costs in the $5 to $10 range.

Companies have focused on niche applications. Some prior art is
used to identify failw#y boxcars. These tags tend to be quite large
and are made of discrete components on circuit boards mounted in
solid, non-flexible casings. RF tags are now used in the automatic
toll industry, e.g. on thruway and bridge tolls. RF tags are being
tested for u.ses 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 systems for tracking components in manufacturing processes.

Tags exist that have the length and width of a standard credit card.
However, these cards typically are over 2.5 mm thick and have a
non-flexible casing. Tags also exist that have a credit card size
length and width but with bumps where circuit is placed that causes

them to be too thick to fit in card reader machinery.

While some electronic article surveillance (EAS), e.g. antitheft
devices, are thin (0.3 mm) they typically contain limited amounts,
(i.e., only one bit) of information. Some of these devices can be

turned off once but cannot be reactivated.



Figure 5 shows a top view of the thin RF ID tag 500. The chip 510 placed in
the wi ndow 550 i s bonded to contacts 525 on the erX|bIe,substrate 520
whi ch are connected to nore than one fol ded dipole ante
contai ned on the substrate. Figure 6 shows a top view off ,%65.
The sem conductor chip 610 is connected to a folded dip I‘ﬂ$ntenna 630 by
means of contacts 625. The antenna is contained in the FALE B0 as
descri bed above. A thin battery 660 is connected to the chip 610 at by
| eads 661 and 662 bonded at contacts 625%The battery has short connecting
| ines 661 and 662 providing electrical continuity between the battery and
t he chip. The

Figure 1A shows one prior art structure of a radio frequency tag

105. The tag 105 has a chip 110 mounted on a substrate 115. The chip
110 has contacts 120 that are connected to circuitry on the
substrate 115 by wire bonds 125. An encapéulation material 130
covers the chip for environmental protéction. The thickness qf
this tag 105 is determined by the combined thicknesses of the chip
components. Typically, substrates in these tags are at least 10
mils, .25 mm, in thickness,- the chip 110 along with the high loop
122 of the bond vary from 20 to 40 mils, .5 to 1 mm, in thickness and
the encapsulation 130 is about 10 mils, .25 mm in thickness. As a
result, tags 105 of this structure vary from a minimum of 40 to 60
mils, 1 to 1.5 mm, in thickness. This structure is too thick for

many potential tag applications.

Figure 1B shows another prior art structure 150 showing a chip 110
with the chip contacts 120 connected to circuij:ry contacts 155 with
conducting adhesive 160. The substrate 165 of this structure 150
is typically made as a FR4/printed circuit (thickness 40 to 60 mils,
1l to 1.5 mm) or flexible substrate (10 mils, .25 mm). The chip 110
and adhesive 160 add another 20 to 40 mils, .5 to 1 mm, to the
thickness and the encapsulation 130 adds still another 10 to 20, .25

to .5mm mils in structure 150 thickness. This structure therefore



battery is placed adjacent to the chip, not stacked upon the chip. The
battery thickness of about .25 nm keeps the battery flexible. The antenna
s designed such that it is also adjacent to the
Date: 12 SEP 1996 battery. There is no overlap. The
pl ane and all of the elements (chip, battery, ante
Is no stacking. As a result, the package is thin a

-5-

——

can vary in thickness from 80 to 130 mils, 2 to 3.5 mm, making it

thicker than the structure in Figure 1A.

Other thick structures are known in the art. These include quad
flat pak (QFP) and/or small outline pak (SOP) as components.
Structures made with these components are at least 1 mm thick and

usually 2 to 3 mm thick.

PROBLEMS WITH THE PRIOR ART

Prior art teaches that there is a long felt need to manufacture thin
RF ID tags on flexible substratés. However, while the goal of a
thin flexible tag is desired, the prior art hés failed to reach the
goal. One prior art reference discloses a tag that is 1.5 to 2.0 mm
thick. This tag thickness limits the applications of this tag. For
example, it is far thicker than the ISO standard credit card
thickness of 0.76 mm and therefore could not be used in a credit

card to be inserted into a credit card reader.

The prior art has failed to produce a thin tag because: care is not
been taken to make each of the elements thin; elements are stacked

one upon the next; and the antenna and connecting conductors



The bondi ng method for attaching batteries to prior art radio frequency

tags include some of the techniques described below, i.e., soldering,
conducti ng adhesive; and w re bonding. | n addi tr=ef—spet—wetdirg=qmy be
used. In spot wel ding, shown below in Figure 7E, ghaeiaa».cemwuf t tjon

pads are pressed to contacts on the substrate whiljle a IoWZvSEP

hi gh-current pul se bonds the two netal s together. || Daene...pr.ef.er.r.ed..
enbodi ment, the netallurgies on the battery, chip, ; such
that the battery attaching mechanismis ®hsistent with the nethod and
mechani sm of the chip attachment. For exanple, use of tin plating on the
substrate to enable chip

require more than one plane of electrical wiring, ie. the designs

use cross-overs for completing interconnections. As elements are
stacked and layers are added the package grows thicker and

flexibility is lost.

Another prior art reference discloses a package with a total
thickness of 0.8 mm. This is still greater than the ISO standard
credit card thickness of 0.76 mm. Furthermore, while thin elements
are disclosed, no care is takeri to use flexible materials
throughout. The components are mounted on a hard circuit card and
encapsulated in plastic. (Hard means ca1.1 not be torn easily by
hand.) The result a is rigid package. The prior art has not shown
the use of thin flexible laminate covering materials for the
packages. The results are that the packages are thick, and

inflexible.
OBJECTS OF THE INVENTION

An object of this invention is an improved thin radio frequency

tagging apparatus.

An object of the invention is a flexible radio freguency tag



Bpnding may preclude use of conductive adhesive to attach the battery but
m ght allow use of gold plating to enable attaching of both. A nore
preferred enbodi nent used to make a thin flexible rugged package uses

r obust chip attach t echni ques such as REPLACENENT SHEET
Dat e: 12 SEP 1996 - 16- e =)
REPLACEMENT SHEET '

. Date : 1 stP m :

apparatus with a thin flexible protective lamination.

An object of the invention is a flexible radio frequency tag
apparatus that may fit within the thickness limit of an ISO standard
credit card, a passport cover, a postage stamp, an anti-theft

device, or an admission ticket.
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 re‘ceiving a RF signal through an antenna that is
electrically connected to the semiconductor through connections on

the semiconductor.

The present invention is a novel structure of a radio frequency tag
design that is thin and flexible. The tag has the antenna and all
interconnections placed on a single plane of wiring without
crossovers. The elements of the package are placed adjacent to one
another, i.e., they are noj: stacked. Elements of the package, the

substrate, antenna, and laminated covers, are flexible. The



fherrm_corrpressi on (TC) bonding used in TAB technol ogy. Using TC bonding for
the chip and spot welding for the battery is a novel conbination of bonding
techni ques that enables attachnent of the battery_{o a erX| bI e substrate

620. In one preferred enbodi nent, the substrate SR%,- 3~
i ng avar®
?Mpr gduci ng
i avdll L.ngl e point
=]

pol yester. Figure 7 shows different types of bonfg

art to attach chips to circuitry that are on th%ép tT

an RF tag. These include thernoconpressi gn bondileg—Uult J

X . . -8 N

bondi ng, sol dering, and conductive adhes_&,e. In Figure 7AUSHHE

t her noconpr essi on bondi ng, suitable netal
elements are all thin such that the total package thickness
including covers does not exceed that of an ISO standard credit
card. The resulting tag package, comprised of thin, flexible
components arranged and connected in a novel way, is also thin and
flexible. Accordingly, this enables a novel range of applications

that include: RF ID tagging of credit cards, passports, admission

tickets, and postage stamps.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1, comprising Figures 1A and 1B, is a drawing showing the

cross section view of two typicai embodiments in the prior art.

Figure 2 is drawing showing a cross section of one preferred

embodiment of the present thin RF ID tag.

Figure 3 is drawing showing a cross section of one preferred
embodiment of the present thin RF ID tag with an aperture in the

substrate.

Figure 4 is a top view of the thin tag showing a dipole antenna.



surfaces are brought into contact with pressure 750 and heat 740 applied by
thernode 720 to forma netal -to-netal bond 760 usually gold bunps 730 on
chip 710 to gold-plated | eads 706 on substrate 705 which rests on | owner

t hernode 780. Many | eads are bonded at once (gang ed
extensively for reel-to-reel TAB (tape automated b naEHQAOEMEﬂTP@EFé Hhows
ul trasoni ¢ singl epoint bonding a variation on ther 'g for
TAB where sone ultrasonic energy is 9

ey

Figure 5 is a top view of a thin tag having more than one folded

dipole antennas.

Figure 6 is a top view of a thin tag having a battery included in the

circuit.

Figure 7 comprises Figures 7A - 7E which are cross sections of prior
art chip bonds to substrates by means of thermocompression bonding
(Figure 7A), ultrasonic bonding (Figure 7B), C4 solder bonding
(Figure 7C), | conducting adhesive bonding (Figure 7D), and spot

welding (Figure 7E).
Figure 8 shows a thin tag used as a postage stamp.

Figure 9 shows a thin tag placed in the cover of a passport using a

resonant loop antenna.
Figure 10 shows a thin tag used on an admission ticket.

Figure 11 shows a thin tag used as an antitheft device.

Figure 12 shows a thin tag placed inside a credit card.



REPLACEMENT SHEET Date: 12 SEP 1996 -17- substituted for sone pressure. One
bond is done at a tinme. This bonding type al so requires gold-to-gold

petal lurgy. Bonding tip 751 applies pressure 731 and ultrasonic energy 741
while pressing lead 721 to bunp 725 on chip 711 restin il

705. Figure 7C shows sol dering or C4 sol derbondi ng |
sol der bunps 746 are used as ?he connecti ng nediugl eSEELF §E$+ E&

pads 726 on substrate 736. The reflowis Sarried ouf , su stra eis
carried on platform 756 t hrough oven 78B.0Thi s usuallLy e

Figure 13 shows a thin tag placed inside a license.
DETAILED DESCRIPTION OF THE INVENTION

Figure 2 shows a side view of a novel RF ID tag 200. The chip 210 is
located on a flexible substrate 220. The chip 210 with bumps 225 on
contacts 222 is bonded to an antenna 230 contained on the substrate
220. The package is sealed by thin flexible laminations 270
consisting of a hot-melt adhesive 250 such as EVA on the inside and

" an outer coating 260 of a tough polymeric material on the outside.

The antenna is manufactured as an integral part of the substrate.
It will consist of thin, typically 25 to 35 micron thick copper
lines which have either been etched onto a copper/organic laminate
or plated on the organic surface. The thinness of the copper
maintains the flexibility of the substrate. Typical materials used
are polyester or polyimide for the organic and electroplated or
rolled annealed copper. The copper may be gold or tin plated to
facilitate bonding.. | The chip is connected to the antenna lines by
means of bumps on the chip, either plated gold bumps for
thermocompression bonding or C4 solder bumps for solder bonding are

preferred. The bumps 225 then become the connecting lines. Since



requires the application of solder flux for reflow of the sol der at
el evated tenperature. Figure 7D shows conducti ng adhesi ve bondi ng where a
petal -filled adhesive 744 is applied to formthe connecting medl um bet ween

chip pads 740 on chip 714 and the substrate pads 724 on ........ —»-""m4.

Heat 774 and pressure 784 are applied by pressing bet HAEEE 4|l and
754. Figure 7E shows spot viel di ng where welding tips araked
by gap 775 are pressed to conductor 745 ld in contagt,yi LI 135
pl aced on insul ating substrate 725. Curfedf 785 heats we-gHFT 55

and 765 to make the bond.

they are only on the order of 25 microns or so they will not degrade
electrical performance by introducing unwanted inductance into the
circuit. The novel design has a single metal layer with ﬁo vias in
the flexible continuous film. By using only one level of metal to
produce the antenna and interconnections, the package is kept thin.
Further novelty of the invention includes arranging the components
(chip and antenna and possibly a battery) in adjacent proximity to
one another. This means that the components are close (i.e., not
stacked). In a more preferred embodiment the closeness is insured
because the chip 210 is bonded directly to the antenna 230 without
the use of crossovers in the circuit. This is accomplished by using
either a dipole or folded dipoie antenna that is resonant rather
than using a multil_oop antenna which requires cross-overs for
connection. Thus all of the wiring is placed in a single plane.
Keeping the antenna adjacent to the chip, avoiding cross-overs and

stacking, also contributes to keeping the packag_e thin.

To maintain the thinness of the package, the chip is made to be 225
to 375 microns thick by thinning. In general, semiconductors are
manufactured on thick wafers, up to 1 mm thick. Thinning may be
done by polishing or backgrinding of the wafer after manufacture.

All elements and bonds are very thin. The elements are preferably:



REPLACEMENT SHEET - 18- Date: 12 SEP 1996 Figure 8 shows an RF postage
stanp 800 containing a thin RF tag 810 which consists of antenna 815,
battery 820, and chip 830 affixed to envel ope or package 840. This tag 810
can be any of the enbodi nents descri bed above. In this application, the
cover (typically 270 of Figure 2 and 370 of Figure 3) for the tag is the
paper of the stanp. Adhesives, such as acrylics, ar : t he
tag between 12

——t—
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the chip (and battery if used) are 10 to 12 mils (250 to 300
microns) thick or thinner; the bonding structures are 2 mils (50 um)
or less; laminating materials 2 to 4 mils (50 to 125um) per side; to
produce total thickness preferably of about 20 mils (500 um) but
less than 30 mils (750 um). Bonding mechanisms do not add to

thickness of the tag as would techniques like wirebonding.

Although not required in one preferred embodiment, a unique
flexible covering material 270 may be laminated upon one or both
sides of the package. In another preferred embodiment, the
material consists of two layers (250, 260). A soft co-polymer such
as eﬁhyl-vinyl—acetate is located on the inside 250 surface of the
cover. Tough polyester is located on the outside 260 surface. This
combination provides environmental protection while maintaining
the flexibility of the package. Typical thicknesses of the covers
range from 50 to 125 microns.-. Alternately, a single layer of

laminate such as polyethylene may be used for covering.

Figure 3 shows a side view of a unique RF ID tag 300. The chip 310
with contacts 322 and bumps 325 is bonded to antenna 330 thru window
315 in substrate 320. In a more preferred embodiment, encapsulant

340 is used to protect the chip 310, the bonds 325 on contacts 322,



fhin paper. These adhesives would correspond to the layer 250 in Figure 2
and 350 in Figure 3. The top surface (of one side=£0—340)—can-be-—qarinted

with the appropriate graphics while the bottoms

sensitive
| am nat ed

| etter envel ope. The RF tag woul d contain infor

Fﬁpemaméggmmu e
ec T
‘p&@&ﬂﬁf?gua"pag agle or

ptgr—aboat—paHrgiused to

adhesive (of the other side 270, 370
on two sides), also acrylic¢, to bond t

track a letter or parcel on which the stggy i s placed. Alterntively, t he

RF tag 850 coul d be enclosed in the partC

menbrane or or in the wall of

t he envel op 840. In another, enbodinent the RF tag could be placed within

t he parcel

or envel op.
connected to antenna 330 located in window 315 between substrate

320 from environmental exposure. In a still more embodiment, the
package is sealed by thin flexible laminations 370 consisting of
hot melt adhesive 350 such as EVA on the inside and an outer coating
360 of a tough polymeric material on the outside. In an alternative
preferred embodimept, layer 370 comprises a single layer of organic

material.

In order to further reduce the thickness of the package, the
substrate is manufacturéd with a window allowing the insertion of
the chip into the wj.ndow. Thus, the thickness of of the substrate
is not added to the thickness of the chip. The window is produced
in ofganic materials, polyimide or polyester by either etching or
punching. In addition, the window may be used to allow the coating
of the chip with a thin layer of encapsulation material. Hysol
epoxy 4510 is one such material. ‘The encapsulant does not add
substantially to the total package thickness, adding perhaps 50
microns, but does provide additional environmental protection for
the chip. Opaque materials in the encapsulant protect light
sensitive circuits on the chip. In this embodiment, the antenna and

the center of the chip can be coplanar.



Figure 9 shows the thin RF tag 920 enbedded in the cover 910 of passport
930 to forman RF passport 900. Here the tag is sandw ched between the

paper covers of the passport. The tag can have an
(270, 370) as described above or REPLACEMENT S
. alternatively, the passport cover can be used as

-14-

tmame—y

Figure 4 shows a top view of the thin RF ID tag 400. The chip 410 is
located within a window 450 placed in a flexible substrate 420. The
' chip 410 is bonded to contacts 425 on the flexible substrate 420
which are connected to a dipole antenna 430 contained on the

substrate.

Figure 5 shows a top view of the thin RF ID tag 500. The chip 510
placed in the window 550 is bonded to contacts 525 on the flexible
substrate 520 which are connected to more than one folded dipole

antenna 530 and 531 contained on the substrate.

Figure 6 shows a top view of the thin tag 600. The semiconductor
chip 610 is connected to a folded dipole antenna 630 by means of
contacts 625. The antenna is contained in the substrate 620 as
described above. A thin battery 660 is connected to the chip 610 at

by leads 661 and 662 bonded at contacts 625.

The battery has short connecting lines 661 and 662 providing
electrical continuity between the battery and. the chip. The
battery is placed adjacent to the chip, not stacked upon the chip.
The battery thickness of about .25 mm keeps the battery flexible.

The antenna is designed such that it is also adjacent to the



[am nate(s) (270, 370). The tag contains in its nmenmory information on the
identity of the passport owner, visas, dates of entry, restrictions, or any
ot her desirable information. The |nforrrat|on may _ “ for
added security. The encryption "key" would be a sdf REHLACEMENTOMEET § hel d

and used solely by the agency-issuing the passpor tj |on key
may be made public so that anyone (with a public @a@ryg% ey)--c@n read
TavT Ilg ine

information in the nmenory of the tag but,pnly the
encryption key can wite information to'iﬁé tag. Figure 10 shows adni ssion
ticket 1010 containing RF tag 1020. The tag is again encl osed between paper
covers or other |am nates. The

battery. There is no overlap. The wiring is kept in one plane and

all of the elements (dhip, battery, antenna) are coplanar; there is

no stacking. As a result, the package is thin and flexible.

The bonding method for attaching batteries to prior art radio
frequency tags include some of the techniques described below,
i.e., soldering, cqhducting adhesive; and wire bonding. In
addition, spot welding may be used. In spot welding, shown below
in Figure 7E, the battery connection pads are pressed to contacts
on the substrate while a low-voltage high-current pulse bonds the

two metals together.

In one preferred embodiment, the metallurgies on the batfery, chip,
and substrate are such that the battery attaching mechanism is
consistent with the method and mechanism of the chip attachment.
For example, use of tin plating on the substrate to enable chip
bonding may preclude use of conductive adhesive to attach the
battery but might allow use of gold plating to enable attaching of

both.

A more preferred embodiment used to make a thin flexible rugged

package uses robust chip attach techniques such as



ticket may be a sinple admission ticket or entitlement such as an airline
ticket or a food stanp. However, the tagged ticket may al so serve as a
tracki ng. device. Figure 11 shows a CD 1140 encl gsed=FrTHox—
ID antitheft tag 1130 affixéd to the box 1120. FﬁE‘Pld’é?%‘éﬁ"T\‘/'E a5 by
barcode repl acement, inventory device, point of|isal eﬂ vsﬁ‘g . ag an
gntltheft devi ce. Information on product variet{, Dgei 2 @LI\/EI\H’
HEET -‘ ' ]
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thermocompression (TC) bonding used in TAB technology. Using TC
bonding- for the chip and spot welding for the battery is a novel
combination of bonding techniques that enables attachment of the
battery to a flexible substrate 620. In one preferred embodiment,

the substrate is a TAB polyimide or polyester.

Figure 7 shows different types of bonding available in the prior art
to attach chips to circuitfy that are on the substrate when
producing an RF tag. These include thermocompression bonding,
ultrasonic single point bonding, soldering, and conductive

adhesive.

In Figure 7A, using thermocompression bonding, suitable metal
surfaces are brought into contact with pressure 750 and heat 740
applied by thermode 720 to form a metal-to-metal bond 760 usually
gold bumps 730 on chip 710 to gold-plated leads 706 on substrate 705
which rests on lower thermode 780. Many leads are bonded at once
(gang bonding). This is used extensively for reel-to-reel TAB (tape

automated bonding).

Figure 7B shows ultrasonic singlepoint bonding a variation on

thermocompression bonding for TAB where some ultrasonic energy is



----------------------

tag 1220. "The credit card may serve as an ATM card : -

| i brary card, phone card, enployee ID nedical 1D card gasol I ne credit
card or any credit or debit card. The coyers (lam nates 270, 370) of the
tag could be the covers of the credit catd, -g' preferably PVC | am nations. The
core of the credit card, .5 mmthick, has a

substituted for some pressure. One bond is done at a time. This
bonding type also requires gold-to-gold metallurgy. Bonding tip 751
applies pressure 731 and ultrasonic energy 741 while pressing lead

721 to bump 725 on chip 711 resting on lower support 705.

Figure 7C shows soldering or C4 solderbonding where small lead/tin
solder bumps 746 are used as the connecting medium between chip 716
and pads 726 on substrate 736. The reflow is carried out while the
. substrate is carried on platform 756 through oven 786. This usually
requires the application of solder flﬁx for reflow of the solder at

elevated temperature.

Figure 7D shows conducting adhesive bonding where a metal-filled
adhesive 744 is applied to form the connecting medium between chip
pads 740 on chip 714 and the substrate pads 724 on the substrate
734. Heat 774 and pressure 784 are applied by pressing between

thermodes 764 and 754.

Figu_re 7E shows spot welding where welding tips 755 and_ 765
separated by gap 775 are pressed to conductor 745 held in contact
with conductor 735 placed on insulating substrate 725. Current 785

heats the welding tips 755 and 765 to make the bond.



wi ndow placed in it at the tinme of manufacture. The .5 mmthick tag package
Is placed in the w ndow and then sealed into the card. The resulting credit
card, including the tag, will not only have the length and wi dth that neet
the 1SO standard, but the thickness as well. In another . enbodinent of t he
present invention, shown in Figure 13, the RF t in a
vehi cul ar drivers license 1310 in the same nmann The
allow information on the RF tag to be used for
driving record, organ donor infornation71$éstri . Yot oftd ntlty,
and age, etc. The information can be encrypted for securi

Figure 8 shows an RF postage stamp 800 containing a thin RF tag 810
which consists of antenna 815, battery 820, and chip 830 affixed to
envelope or package 840. This tag 810 can be any of the embodiments
described above. In this application, the cover (typically 270 of
Figure 2 and 370 of Figure 3) for the tag is the paper of the stamp.
Adhesives, such as acrylics, are used to sandwich the tag between
thin paper. These adhesives would correspond to the layer 250 in
Figure 2 and 350 in Figure 3. The top surface (of one side 270, 370)
can be printed with the appropriate graphics while the bottom
surface has a pressure sensitive adhesive (of the other side 270,
370 in the case of a tag laminated on two sides), also acrylic, to
bond the séémp to a package or letter envelope. The RF tag would
contain information about mailing used to track a letter or parcel
on which the stamp is placed. Alternatively, the RF tag 850 could
be enclosed in the parcel membrane or or in the wall of the envelop
840. In another, embodiment the RF tag could be placed within the

parcel or envelop.

Figure 9 shows the thin RF tag 920 embedded in the cover 910 of
passport 930 to form an RF passport 900. Here the tag is sandwiched
between the paper covers of the passport. The tag can have an

environmental laminate(s) (270, 370) as described above or
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circuit conprising; a. an insulating, flexible gpsTFaE:
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alternatively, the passport cover can be used as the tag
laminate(s) (270, 370). The tag contains in its memory information
on the identity of the passpoft owner, visas, dates of entry,
restrictions, or any other desirable information. The information

may be in encrypted form for added security.

The encryption "key" would be a software code that is held and used
solely by the agency issuin_g.the passport. The deencryption key may
be made public so that anyone (with a public deencryption key) can
read information in the memory of the tag but only the agency having

the encryption key can write information to the tag.

Figure 10 shows admission ticket 1010 containing RF tag 1020. The
tag is again enclosed between paper covers or other laminates. The
ticket may be a simple admission ticket or entitlement such as an
airline ticket or a food stamp. However, the tagged ticket may also

serve as a tracking device.

Figure 11 shows a CD 1140 enclosed in box 1120 with an RF ID
antitheft tag 1130 affixed to the box 1120. The tag serves as both
a barcode replacement, inventory device, 'point of sale device, and

as' an antitheft device. Information on product variety, price,



b. an antenna that is an integral part of the substrate and that has
termnals; c. acircuit chip having a nodulator gircuit, a logic circuit, a
menory circuit, and chip connectors and being on t % TE |n Jacent
proximty to the antenna; d. one or nore connectling | %&

antenna termnals and the chip connectors, the c RSt ln oF ml;el

copl anar with the antenna and antenna t%@m nal s a

vi as, crossovers, etc. single plane of WTing. Adj acent neans Ro—

date of manufacture and sale may be carried by the tag. Additional
bits of information in the memory of the circuit may be changed at
the time of sale to indicated that the item may be taken from the

store.

Figure 12 shows ISO standard credit card 1210 containing an RF tag
1220. The credit card may serve as an ATM card, frequent flyer card,
library card, phone card, employee ID, medical ID card, gasoline
credit card or any c;redit or debit card. The covers (laminates 270,
370) of the tag could be the covers of the credit card, preferab'ly
PVC laminations. The core of the credit card, .5 mm thick, has a
.window placed in it at the time of manufacture. The .5 mm thick tag
package is placed in the window and then sealed into the card. The
resulting credit card, including the tag, will not only have the
length and width that meet the IS0 standard, but the thickness as

well.

In another embodiment of the present invention, shown in Figure 13,
the RF tag 1320 is place within a vehicular drivers license 1310 in
the same manner as described above. The allow information on the
RF tag to be’ ﬁsed for personal identification, driving record,

organ donor information, restrictions, proof of identity and age,
etc. The informatioh can be encrypted for security purposes.
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SHEET stacking of elenments.) 2. Acircuit, as in claiml, where the

substrate is organic 3. A ci rchmmﬂunmm’IIZ where the substrate is
polyimde. 4. Acircuit, as in he su ] :

5. Acircuit, as in claim1, whére‘thk cbnrfecting Ii
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We claim:

1. A thin flexible electronic radio frequency tag circuit

comprising;

a. an insulating, flexible substrate;

b. an antenna that is an integral part of the substrate and that has

terminals;

c. a circuit chip having a modulator circuit, a logic circuit, a
memory circuit, and chip connectors and being on the substrate in

adjacent proximity to the antenna;

d. one or more connecting lines between the antenna terminals and
the chip connectors, the connecting lines being coplanar with the
antenna and antenna terminals. (coplanar means no vias,

crossovers, etc. single plane of wiring. Adjacent means no



t he bending--types—inechudi ng_LhernaL—een@%essﬂ'—en si ngl e point bonding, C4
bondi ng, and conductive adhesive. 6. circuit, as in claiml, where the

and t he ant enna.

stacking of elements.) ' _ Date 128@“

2. A circuit,
3. A circuit,
4, A circuit,

5. A circuit,

irsfﬁnfﬁjmgﬁﬂ"gm‘i‘??;zJﬂllﬂlUﬂlMlﬂﬂlIIIML;:uf’;ﬁf“ Aot w00
claim?7 |

where an organi ¢ cover surrounds the chip, the encapsuljant, RERLAGEHEDst I at ¢

apsul ant is opaque. 9. A circuit] TaB8SSREET MADBEEN
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as in claim 1, where the substrate is organic.

as in claim 2, where the substrate is polyimide.

as in claim 2, where the substrate is polyester.

as in claim 1, where the connecting lines are any of

the bonding types including thermal compression, single point

bonding, C4 bonding, and conductive adhesive.

6. A circuit, as in claim 1, where the substrate has an aperture

into with the chip is placed.

7. A circuit,

encapsulant.

8. A circuit,

as in claim 1, where the chip is covered by an

as in claim 7, where the encapsulant is opaque.

9. A circuit, as in claim 7, where an organic cover surrounds the

chip, the encapsulant, the substrate, and the antenna.
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C , that is |am nated m nat | outer
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10. A circuit, as in claim 1, that is laminated by one or more

layers.

11. A circuit, as in claim 10, that is laminated by a two layer

laminate comprising a hard outer layer and a adhesive inner layer.

12. A circuit, as in claim 10, where the circuit is laminated on one

side.

13. Acircuit, as in claim 10, where the circuit is laminated on two

sides.

14. A circuit, as in claim 9, where the outer layer is one of the

materials includingpolyester, mylar, polyimide, and polyethylene.

15. A circuit, as in claim 11, where the adhesive is one of the
materials including ethyl vinyl acetate (EVA), phenolic butyral,

silicone adhesive etc.

16. A circuit, as in claim 1, where the antenna is a resonant

antenna and is any one of the following structures including folded

dipole, half-wave dipole, and loop.
as Been Re laced
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13. Acircuit, as in claiml0, where-the-cirtcuit i THSSHEES dHASBESM |Isi des.
14. A circuit, as in claim9, where thﬁfwmr | ayel| i s JtEPIACEhe matlleri al s

i ncl Iudi nglgol \¥\ke1$t er, hrryl SL ‘“‘““‘u“m oI yetmu ene. 15 A circurt, as
inclaim ere the adhe e mat@r yI
vinyl acetate (EVA), phenolic butyral silicone ay h%%L\?\gW%%EEF—r

circuit, as in claiml, where the antenna is a -?5 nant s any
one of the fol | ow ng structures incl udi ng fol ded gk pol e,

and | oop. This Sheet Has Been Repl aced _£22,

17. A circuit, as in claim 1, where a battery is also affixed to the
substrate in adjacent proximity to the antenna and chip and is
connected by one or more battery connecting lines to two or more
chip battery contacts where the battery connecting lines and the
battery contacts are coplanar with the antenna and connecting

lines.

18. A circuit, as in claim 17, where the battery contacts are
connected to the battery connecting lines by any of the bonding
types including spot welding, soldering, thermocompression

bonding, and conducting adhesive.

19. A circuit, as in claim 17, where the battery contacts are
connected by spot welding and the chip contacts are connected to the

antenna by thermocompression bonding.

20. A circuit, as in claim 1, where the chip has at least one chip
dimension less than 300 microns (12 mils), the antenna has at least
one antenna dimension less than 35 microns (1.4 mils), and the
substrate has at least on substrate dimension less than 125 microns

(5 mils) whereby the circuit has at least one circuit dimension less

—

than 508 microns (20 mils). ~ . This Sheet Has

W Iill
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21. A circuit, as in claim 20, where the chip memory has information
about mailing and the circuit is applied to a mailed letter or

parcel.

22. A circuit, as in claim 21, where the RF tag is enclosed within

a stamp.

23. A circuit, as in claim 21, where the RF tag is enclosed within

[N

the parcel or envelop membrane.

24. A circuit, as in claim 20, where the tag is enclosed in a

passport.

25. A circuit, as in claim 20, where the tag is enclosed in an

admission ticket.

26. A circuit, as in claim 20, that is enclosed in an article and

the tag has information to prevent theft.

27. A circuit, as in claim 10, where the circuit has at least one

tag dimension is less than 760 microns (30mils).

Ve



Tines. 18. A circuit, as inctraim/—where the bat

connected to the battery con nes by any ofj triygs
i ncl udi ng spot wel di ng, sol dgmm” !B’ essi bon%ngglg]L ha (ﬁ,
Ic

conducting adhesive. 19. A cimcu | m 17,

contacts are connected by spot wel d| ng and the chifp-Tom act s —are—eonnect ed
to the antenna by thernoconpressi on bondi ng. 20. WEMEMES ETIlaim 1,
where the chip has at | east one chip d| nension | e t hanl 208ER ing| (12
mls), the antenna has at |east one anC#€83a di men ?Q?ﬁeless than.35..1) crons
(1.4 mls), and the '

| 28. A circuit, as in claim 27, that is encapsulated as an ISO

standard credit card size package.

29. A circuit, as in claim 20, where the tag is enclosed in a

drivers license.
This Sheet Has Been Re(ilaced
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RADIO FREQUENCY CIRCUIT AND MEMORY IN THIN FLEXIBLE PACKAGE
ABSTRACT

The present invention is a novel thin and flexible radi_o frequency
(RF) tag that comprises a semiconductor circuit that i'xas logic,
memory, and radio frequeﬁcy circuits, connected to an antenna with
all interconnec'tions placed on a single plane of wiring without
crossovers. The elements of the package (substrate, antenna, and
laminated covers) are flexible. The elements of the package are all
thin. The tag is thin and flexible, enabling a unique range of

applications including: RF ID tagging of credit cards, passports,

admission tickets, and postage stamps. T
This Sheet Has
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the parcel or envelop nenbrane. 24. Acircuit, as in

tag is enclosed in a passport. 25. Acircuit, as in cl

is enclosed in an adm ssion ticket. 26. A CIrCUIt as in cIa|n120 that is
enclosed in an article and the tag has |nfornaA>r:w 27. A
circuit, as in claim10, where the cirgmit has aBEPhﬁ@EMBHE §T d}| mensi on

is less than 760 microns (30 mls). —

a stanp. 23. Acircuit, as in clai.m2l, where the RF tag is enclos
uﬁ i Hﬂt tag

CLAIMS
We claim:

i. A thin flexible electronic radio frequency tag circuit
comprising; '

a. an insulating, flexible substrate;

b. an antenna that is an integral part of the substrate and
that has terminals;

¢. a circuit chip having a modulator circuit, a logic
circuit, a memory circuit, and chip connectors and being on
the substrate in adjacent proximity to the antenna;

d. one or more connecting lines between the antenna
terminals and the chip connectors, the connecting lines
being coplanar with the antenna and antenna terminals.

2. A circuit, as in claim 1, wherein the substrate is
organic.

3. A circuit, as in claim 2, wherein the substrate is
polyimide. -

4. A circuit, as in claim 2, wherein the substrate is
polyester.

5. A circuit, as in claim 1, wherein the connecting lines
are bonded to the chip connectors using any of the bonding
types including thermal compression, single point bonding,
C4 bonding, and conductive adhesive.

6. A circuit, as in claim 1, wherein the substrate has an
aperture into with the chip is placed.

7. A circuit, as in claim 1, wherein the chip 1is covered by
an encapsulant.

8. A circuit, as in claim 7, wherein ‘the encapsulant is
opaque.

9. A circuit, as in claim 7, wherein an organic cover
surrounds the chip, the encapsulant, the substrate, and the

antenna.
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10. A circuilt, as in claim 9, wherein the organic cover is
one of the materials including polyester, mylar, polyimide,
and polyethylene.

11. A circuit, as in claim 1, that is laminated by one or
more layers.

12. A circuit, as in claim 11, that is laminated by a two
layer laminate comprising a hard outer layer and a adhesive.
inner layer.

13. A circuit, as in claim 12, wherein the adhesive is one
of the materials including ethyl vinyl acetate (EVA),
phenolic butyral, and silicone adhesive.

14. A circuit, as in claim 11, wherein the circuit is
laminated on one side.

15. A circuit, as in claim 11, wherein the circuit is
laminated on two sides.

16. A circuit, as in claim 11, wherein the circuit has at
least one tag dimension that is less than 760 microns
(30mils).

17. A circuilt, as in claim 16, that ié encapsulated as an
International Organization for Standardization (ISO)
standard credit card size package.

18. A circuit, as in claim 1, wherein the antenna is a
resonant antenna and is any one of the following structures
including folded dipole, dipole, and loop. :

19. A circuit, as in claim 1, wherein a battery 1is also
affixed to the substrate in adjacent proximity to the
antenna and chip and is connected by one or more battery
connecting lines to two or more chip battery contacts where
the battery connecting lines and the battery contacts are
coplanar with the antenna and connecting lines.
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20. A circuit, as in claim 19, wherein the battery contacts
are connected to the battery connecting lines by any of the
bonding types including spot welding, soldering,
thermocompression bonding, and conducting adhesive.

21. A circuit, as in claim 19, wherein the battery contacts
are connected by spot welding and the chip contacts are
connected to the antenna by thermocompression bonding.

22. A circuit, as in claim 1, wherein the chip has at least
one chip dimension less than 300 microns (12 mils), the
antenna has at least one antenna dimension less than 35
microns (1.4 mils), and the substrate has at least one
substrate dimension less than 125 microns (5 mils) whereby
the circuit has at least one circuit dimension less than
508 microns (20 mils).

23. A circuit, as in claim 22, wherein the chip memory has
information about mailing and the c¢ircuit is applied to a
maliled letter or parcel.

24. A circuit, as in claim 23, wherein the RF tag is
enclosed within a stamp.

25. A circuit, as in claim 23, wherein the RF tag is
. enclosed within the parcel or envelop membrane.

26. A'circuit, as in claim 22, wherein thé'tag 1s enclosed
in a passport.

27. A circuit, as in claim 22, wherein the tag is enclosed
in an admission ticket.

28. A circuit, as in claim 22, that is enclosed in an
article and the tag has information to prevent theft.

29. A circuit, as in claim 22, wherein the tag is enclosed
in_a drivers license. '

I



RADIO FREQUENCY CIRCUIT AND MEMORY IN THIN FLEXIBLE PACKAGE
ABSTRACT

The present invention is a novel thin and flexible radi_o frequency
(REF) tag that comprises a semiconductor circuit that .has logic,
memory, and ‘radio frequency circuits, connected to an antenna with
all interconnections placed on a single plane of wiring without
crossovers. The elements of t_hé package (substrate, antenna, and
laminated covers) are flexible. The elements of the package are all
thin. The tag is thin and flexible; enabling a unique range of
applications including: RF ID tagging of credit cards, passports,

admission tickets, and postage stamps.

Figure 2



