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THIN RADIO FREQUENCY TRANSPONDER WITH LEADFRAME
ANTENNA STRUCTURE

FIELD OF THE INVENTION

This invention relates to the field of radio frequency transponders. More specif-
ically, the invention relates to a thin radio frequency tag with a leadframe an-
tenna structure.

BACKGROUND OF THE INVENTION

Radio frequency transponders are used in many applications. One application,
Radio Frequency Identification (RF ID), is just one of many identification tech-
nologies for identifying objects. The heart of the RF 1D system lies in an infor-
mation carrying tag. The tag functions in response to a coded RF signal received
from a base station. Typically, the tag reflccts the incident RF carrier back to the
base station. Information is transferred as the rcflected 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, oficn a collection of discretc components, capacitors
and diodes, for example, a battery in the case of active tags, a substrate for
mounting thé components, intcrconncctions between components, and a mcans
of physical enclosure. One variely of tag, passivc tags, has no battery. They
derive their energy from the RF signal used to intcrrogate 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 soldercd con-
nections between the board and the circuit clements: chip, capacitors, diodes,
antenna. The circuit card may be of epoxy-fiberglass composition or ceramic.
The antennas are generally loops of wirc 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 threc dimensional plastic package.

Some prior art focuses on nichc applications for RF tags, e.g., the identilication
of railway boxcars. These tags tend to be quite large and are made of discrete
components on circuit boards mounted in solid, non-flexible casings. Other ap-
plications exist in the automatic toll industry, e.g. on thruway and bridge tolls.
RF tags are being tested for uscs as contactless farc cards for buses.

Smaller tags, e.g., those uscd in 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 proc-
€esses.

Various tag designs and uses are disclosed in U.S. Patent number 4,656,463 to
Anders et al., filed on April 21, 1983 which is herein incorporated by reference
in its entirety.

The pﬁor art also discloses tags in relatively thin RF tag packages.

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 the
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 describes one 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 cncapsulation
material 130 covers the chip for environmental protection. The thickness of this
tag 105 is determined by thc combincd thicknesses of the chip componcnts.
Typically, substrates in these tags are at Icast 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
I mm, in thickness and the encapsulation 130 is about [0 mils, .25 mm in thick-
ness. 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 [ B shows another structure 150 showing a chip 140 with the chip contacts
152 connected to circuitry 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, [ to 1.5 mm) or flcxible substrate (10 mils, .25 mm). The
chip 140 and adhesive 160 add another 20 to 40 mils, .5 to | mm, to the thickness
and the encapsulation 165 adds still another 10 to 20, .25 to .5 mm mils in
structure 150 thickness. This structurc thereforc can vary in thickness from 80 -
to 130 mils, 2 to 3.5 mm, making it thicker than the structurc in Figure 1.

Other structures, thicker than onc millimeter, are known in the art. These include
quad flat pak (QFP) and/or small outline pak (SOP) as components. Structurcs
made with these components arc at least [ mm thick and usually 2 to 3 mm thick.
One typical prior art embodiment of RF tags and RF tag systems is disclosed in
U.S. Patent Number 4,075,632 to Baldwin et al., filed on May 24, 1976 and is-
sued February 21, 1978, which is herein incorporated by reference in its entirety.



In the general packaging of semiconductor chips, leadframe structures arc known
in the art. One embodiment for semiconductor memory chip packaging is dis-
closed in U.S. Patent Number 4,916,519 to Ward, filed on May 30, 1989 and is-
sued on April 10, 1990. The structure includes the use of an etched or stamped
metal foil that is joined to the chip to be packaged. The chip is connected elec-
trically to the leadframe by means of thin wirebond interconnections. The chip
and the inner areas of the leadframe are encapsulated using a rigid organic
‘molding compound. Elements of the leadframe protrude from the package so as
to permit electrical connection by means of soldering to a circuit board.

Eberhardt et al., WO 94/18700 filed February 14, 1994 teach that it is possible
to use leadframe technology for the manufacture of RFID tags. Here the
~ leadframe serves as a support structure for a chip and coil antenna and capacitor.
Connections are made to the leadframe from the chip by means of thin

wirebonding. The coil antenna is electrically connected to the leadframe as may
~ be a capacitor. As in the example of Ward, the components are scaled using an
organic plastic or epoxy molding compound. ' Elements of the metal leadframe
extend outside of the molded portion of the package.

STATEMENT OF PROBLEMS WITH THE PRIOR ART

Prior art teaches that there is a long fclt need 1o manufacture thin RF ID tags
on flexible substrates. - Howcver, while the goal of a thin flexible tag is desired,
much of the. prior art has failed to reach the goal. One prior art reference dis-
closcs 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 International Standards Or-
ganization, ISO, standard credit card thickncss of 0.76 mm and therefore could
not be uscd in a credit card to be inscried into a credit card reader. Thickness
of the Eberhardt package will be greater than the credit card thickness because
of its use of wirebond interconnections. The thinnest packages available today
which use the combination of Icadframe, wirchands, and epoxy encapsulation arc
I mm thick or thicker. The addition of the coil to the Eberhardt package insurcs
that the package will be at least 1.5 mm, but most likcly 2 to 3 mm thick. The
Eberhardt package embodiment that shows a capacitor will be at lecast 2 mm
thick in order (o include the bulk of the capacitor. The Eberhardt package is too
thick for inclusion in a credit card.

One 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. Further-
more, while thin elcments arc disclosed, no carc is taken to use flexible matcerials
throughout. The components arc mounted on a hard circuit card and
encapsulated in plastic. (Hard means can not be torn easily by hand.) The result
a is rigid package. Much of the prior art has not shown the usc of thin flcxible



laminate covering materials for the packagcs The results are that the packages
are thick, and inflexible.

The prior art has also failed to make thin, flexible radio frequency transponders
because there is at least one component, the antcnna, that must be packaged ex-
ternal to the radio frequency circuit that is using the antenna to transmit/receive
signals. Since there are at least these two components in prior art transponders,
these components had to be mounted on some sort of substrate or circuit card in
order to provide support for thc componcnts and to position the components rel-
ative to each other. These substrates/ cards add thickness to and limit the flexi-
bility of the package.

In addition, the prior art often needs structures in the transponder package used
to connect, support, and position the antenna and chip components. These
structures add complexity, thickness, and inflexibility to the package. Layers, in
addition to the substrate/circuit board, are sometimes added to position the radio
frequency circuit and antenna in three dimensions so that electrical bonds among
the components can be made. For example, 6nc substrate might be required to
support and position the radio frequency circuit while one or more other laycr of
substrate might be required to support and raisc the antenna to the clevation of
connections on the radio frequency circuit. The antenna and connecting con-
ductors often require more than one plane of electrical wiring, i.e., the designs use
cross-overs for completing intcrconnections. Components arc often are stacked
one upon the next.

-The prior art*has not solved thc problem of building a transponder package with
a minimum of component support; a minimum of strong, thin, and ficxible com-
ponents; and a minimum of intecrconncctions among components.

There are other problems with some prior art structurcs and packaging. Some
prior art has metal leadframe clements protruding {rom its packaging. These el-
ements are not used for externally conncctions but resuit from the limitations of
package structure design and the proccss used to manufacture it. These
protruding elements cause several problems. Since they are connected internally
to the chip, the chip may bc damaged by electrostatic discharge damage (ESD).
The protruding metal elements are lightning rods for ESD. In addition, in cor-
rosive environments, tag packages with protruding mectal are inadequate. For
example, a requirement for laundry service is that the package provide resistance
to corrosion. Chlorine bleachcs containing large numbers of corrosion-inducing
chlorine ions are used in thc laundry process. The interface between the metal
elements and the epoxy molding is a channel for the transport of chlorinc ions
into the package. The metal clements themselves may also corrode and dissolve
as a result of their immersion in a chlorine ion rich laundry environment.



OBJECTS OF THE INVENTION
An object of this invention is an improved RF transponder apparatus.

An object of this invention is an improved thin, flexible RF tag apparatus that
has a minimum of components and connections.

An object of this invention is an improved thin, flexible RF tag apparatus that
has a minimum of components and connections that is completely protected by
a protective surrounding. '

An object of this invention is an improved thin, flexible RF tag apparatus that
has a minimum of components and connections that are unsupported by a
substrate layer.

An object of this invention is an improved thin, flexible RF tag that has compo-
nents that are not rigidly attached to a protective surrounding so that shear forces
between the protective surrounding and the components are reduced when the
transponder is mechanically flexed.

SUMMARY OF THE INVENTION

The present invention is a novel radio frequency transponder (tag) that has a
- minimum of components and connects and that is thin and flexible because these
components and connects can bc unsupported by a substrate layer. This is ac-
complished by using a conducting lcadframe structurc not only as a conncction
medium but also as a circuit clemend, i.c., the transponder antenna. In various
preferred embodiments, the leadframe is mechanically positioned and f{ixably at-
tached to a circuit chip so that thc lcadframc (antenna) is sclf supporting. In
some preferred embodiments, a protfcctive coating can bc added where the
leadframe is attached to the circuit chip to protect the surfacc of the chip from
corrosion and abrasion, to cxclude light (in somc embodiments) from impinging
on the circuit chip, and to strengthen the mechanical connections of the lcadframe
antenna structurc that are fixably attached (o the electrical connectors on the
circuit chip. Further, some preferred cmbodiments have a protective surrounding
that envelops the entire lcadframe antcana, circuit chip, and, if provided, the
protective coating. The protective surrounding provides resistance to corrosion
and abrasion to the leadframe antenna and the circuit chip. [n alternative em-
bodiments, the protective surrounding can comprise more than one laycr. The
protective surrounding further can be madc of materials that do not rigidly attach
to the leadframe antenna so that shear forces between the Icadframc antenna and
the protective surrounding are reduced when the antenna is mechanically flexcd.



BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1, comprising Figure |A and Figure 1B, is a diagram showing the cross
section of two typical known structures.

Figure 2, comprising Figures 2A-2F, is a drawing of a preferred embodiment of
the present radio frequency circuit with a leadframe antenna in top. view (Figure
2A), elevation (Figure 2B), elevation with protective coating (Figure 2C), ele-
vation with protective coating and surrounding (Figure 2D), an elevation with
protective surrounding (Figure 2E), and an elevation with a protective coating
sandwiched between the circuit and an overlayer where the protective coating
forms a fillet region at the circuit edges (Figure 2F).

Figure 3, comprising Figures 3A, 3B, 3C, and 3D, is a diagram showing the plan
view (3A) and various cross sections (Figures 3B-3D) of a preferred RFID tag
with a leadframe antenna and a protective surrounding.

Figure 4, comprising Figures 4A, 4B, 4C, 4D, 4E, 4F, 4G, and 4H, is a set of plan
views showing example prcferred alternative antcnna dcsigns that can be used
with the present invention. '

Figure 5, comprising Figures 5A and 5B, is a diagram showing the plan view
(Figure SA) and a cross scctions (Figurc 5B) of a preferred structure having
positioners attached to the off chip length of the lcad frame antcnna.

Figure 6 is a plan view of thc radio frequency circuit with a lcadframe antenna
and an alternative preferred positioner with a window.

Figure 7 is a plan view of the radio frequency circuit with a lcadframc antenna
and alternative preferred positioners.

Figure 8, comprising Figurcs 8 A-8C, showing a plan vicw of “ccntering” circuit
chip connectors (Figure 8A), a plan view of alternative attachments to “centered”

circuit chip connectors (Figurc 8B) and a side view (Figurc 8C) with a protcctive
coating. '

Figure 9 is a side view of an altcrnative preferred embodiment showing the circuit
chip supported by and wirc bonded to the lead frame antenna structurc.

DETAILED DESCRIPTION OF THE INVENTION

Figure 2A is a plan view and Figure 2B is a front view (clevation) of one pre-
ferred embodiment of the present invention. -



The embodiment comprises a circuit chip that is a radio frequency transponder
210. The circuit chip has a surface 215 and edges 265 (e.g. 265L, 265R, 265B,
and 265T) with one or more connectors 220 (e.g. 220A and 220B) that connect
to the circuitry within the circuit chip. The circuit chip 210 also has a center
portion 260 that is on the surface of the circuit chip, includes the connectors 220,
and is a given distance 235 ‘(e.g. 235L, 235R, 235B, and 235T) from any of the
respective circuit chip edges 265. Typically this circuitry includes a radio fre-
quency circuit for receiving and transmitting radio frequency signals, a memory .
for storing information, and logic and other digital circuits for control and com-
munication protocols. Circuit 210 like this are well known. See for example the
Anders patent incorporated above. Another novel, circuit is disclosed in U.S.
Patent Application Number 08/303,965 to Cesar ct al. filed on September 9, 1994
that is herein incorporated by by reference in its cntirety. While the most pre-
" ferred use of this invention is that of 4 circuit chip 210 that is a radio frequency
transponder, specifically an RFID tag, any secmiconductor chip circuit 210 can
be can be attached to a lead frame structure in thc manner embodying this in-
vention. . .

The antenna 200 is constructed from a lcad(ramec. This lcadframe antenna 200
is made from a material that is electrically conductive and has a degrce of
stiffness that permits the antenna to flex within a given amount when supported
at one or more ends. The stiffness is characterized by Young's Modulous which
is defined as the stress requirc to producc a unit of strain. The strain may bc a.
change of length. The desired range of Young’s Modulus of the leadframe ma-
terial is on the order of 12 x 10cxp!1 dyncs per square cm (17.5 x 10exp6 pounds
per square inch) or greater. The leadframe antenna 200 can be designed in vari-
ous shapes that are described below. However, the leadframe antenna 200 will
have at least two ends (200A, 200B) at least one 200A of which is electrically at-
tached 225 to.one of the connectors 220 of the circuit chip 210. In some preferrcd
cmbodiments, the end of the leadframe 200 that is fixably attached 225 has any
of the following cnd shapes: flat, crescent, off sct, angle, and ball.

The leadframe antenna 200 will also have a scction called an overlapping length
230 that overlaps the surface 215 of the circuit chip 210. The overlapping length
230 is the portion or portions of the leadframc antenna 200 that is between an
clectrical connection 225 of onc end 200A of the antenna 200 and a connector 200
and an edge 265 of the circuit chip 210. The overlapping length 230 includes the
point of elcctrical (an mechanical) attachment 225. An ofT chip length 240 of the
antenna 200 is that portion of the antenna that docs not overlap the surface 215
but that is suspended past any of the edges 265.

The leadframe antenna 200 is also mechanically attached to the circuit chip so
that it is fixed to the chip at onc or morc locations on the overlapping length.
One of these locations will be the point of electrical connection 225 between the
leadframe antenna 200 end 200A, 200B and the conncctor 220A, 220B, respcc-



tively. This fixable attachment permifs no mecchanical movement at the point of
attachment 225A,B. Any prior art connéction that provides a fixed mechanical
and an electrical connection between the leadframe antenna 200 end (200A,
200B) can be uscd.

In addition to fixably attaching the leadframe antenna 200 end(s) 200A,B at the
connector(s) 220A,B, the fixed attachment can include other mechanical attach-
ments between the overlapping length(s) 230 and the circuit chip 210 and/or chip
surface 215. In some preferred embodiments, the fixed attachment includes the
adhesive effects of a protective coating (described below) that is placed between
the overlapping length 230 and the chip surface 215 and/or in other locations to
attach the overlapping length 230 to the surface 215 so that there is no movement
between the overlapping length 230 and the surface 215.

A leadframe is a punched and/or etched foil. (See Figure 6 description below.)
The materials used are generally copper, copper-alloys, or nickel-iron alloys such
as alloy-42. Other electrically conductive materials are envisioned.

Figure 2C is a clevation showing the circuit chip 210 with the leadframe antenna
200 that has a protective coating 270. The protective coating covers the circuit
chip surface 215 and overlaps the ends (200A, 200B) of the leadframe 200. In a
preferred embodiment, the protective coating 270 also overlaps one or more edges
265 of the circuit chip 210 so that the cnds (200A,B) of thc antenna arc me-
chanically fixed to the chip surface 215 and the chip sides 266. Flowing the
protective coating around the chip sides 266, assures that the chip surface 215 is
fully covered. This also assures better adhesion of the protective coating 270 to
the entire circuit chip surface 215. The flowing of the protective coating over 266
the chip surface 215 and sides 265 further give more support and mechanical
strength to the ends (200A,B) of the lecadframe.

In a preferred embodiment, the protective coating 270 is made of a polymer ma-
terial such as epoxies, siliconcs and urethancs, also known as isocyanates or
polyurethanes, which are thermosetting. Additional protective coatings include
photopolymers or ultraviolet (uv) curing materials. '

Figure 2D shows thc invention shown in Figurc 2C in an eclcvation view with
protective coating 270 and a protective surrounding 280. In a preferred embod-
iment, the protcctive surrounding compriscs two layers, an inncr layer 285 and

an outer layer 283. Alternatively, the entire protccuvc surrounding 280 is made
with onec layer.

The protective surrounding 280 provides environmental protection for the circuit
chip 215 and leadframe 200. The protective surrounding 280 prevents moisture,
- chemicals, contaminants, corrosive materials, etc. from attacking the circuit chip
215, connections 220, and leadframe 200.



‘The protective surround 280 also provides mechanical protection from the lead
frame against impact, abrasion, cutting, etc. Further the protective surround
provides a packaging media providing printing information and a handling media
for the transponder. For example, the protective surround 280 can be cardboard
or paper, (e.g. a postal package/letter, credit card, or passport, that is used to
house to the transponder 250.

Preferrably, the protective surrounding 280 can be made of any one of the fol-
lowing materials: paper, cardboard thermosetting, thermoplastic, or pressure
sensitve materials: ethylene acetate, polystyrene, polycarbonate, polypropylene,
polyethylene, polyurethane, polyester, polyolefin, nylon, vinyl, silicones, rubber
based adhesives, acrylic adhesive, and water soluble-adhesives and polyethylene
terephthalete (PET), polyethylene naphthalate (PEN), polyetherimide (PEI),
polyetheretherkctone (PEEK), polysulfonc (PS), polyphenylene sulfone (PPS),
and polyethersulphone (PES), polyvmyl chloride (PVC), polyester (Mylar), and
polyimide (Kapton).

Other uses of transponders and their protcctive surrounding are given in U.S.
Patent Application number 08/303,977 entitled to “Radio Frequency Circuit and
Memory in Thin Flexible Package” to Moskowitz et al. which is herein incorpo-
rated by reference in its entirety.

The protective surrounding 280 can be applied in two layers (283, 285). In this
case the inner layer 285 would have good adhesive and flow characteristics that
would cause it to bond well to the leadframe 200 and chip 210 so that the trans-
ponder 250 will not dclaminate. The outer layer 283 preferably will be resilient

and tough to protect the transponder 250 from the cnv:ronmcnt and mechanical
stresses.

Prcferred materials used for the inncr layer 285 includc: ethylene vinyl acetate,
acrylic, silicone, rubber, modificd epoxies, phenolic, polyesticr, polyimide, as well
as fluoropolymer bascd adhcsives. Matcerials used for the outter layer (and/or a
single layer of protective surrounding 280) include: paper, cardboard,
polyethylene  terephthalete = (PET), polycthylenc naphthalate (PEN),
polyctherimide (PEI), polyctherether ketone (PEEK), polysulfone (PS),
polyphenylene sulfone (PPS), and polyethersulphone (PES), polyvinyl chloride
(PVC), polyester (Mylar), and polyimide (Kapton).

Note that, in a preferred cmbodiment, the protective surrounding 280 (or
283/285) completed surrounds the circuit chip 210 and leadframe 200. This is to
protect the leadframe 200 and chip 210 from attack of environmental agents, in-

cluding electrical sparks, through any path through the protective surrounding
280.
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Figure 2E is an elevation view of a transponder 250 that has a single layer of
protective surrounding 280 and no protective coating 270. This embodiment
typically would be injection molded by known techniques. This embodiment can
be made as a rigid. package and any shape and offers very good mechanical sup-
port and environmental protection for the leadframe 200 and circuit chip 215.
Transponders 250 can be enveloped in injection molded plastic housing that are
used as toys, machine parts, covers and containers, etc.

Figure 2F is an elevation view showing a preferred embodiment of the transpon-
der 250. The transponder 250 has a protective coating 270 sandwiched between
the circuit chip 210 and an overlayer 290. The protective coating 270 forms a
fillet region. 295 between the circuit edges (sides 265) and the underside of the
leadframe 200. The overlayer 290 acts as a guide for the protective coating 270
which flows into the region 292 between the overlayer and the chip surface 215
as the protective coating 270 “wicks” from the under side of the leadframe 200.
The overlayer 290 accurately dctermines the thickness of the protective coating
270 by defining the region 292 and also insurcs that protective coating 270 com-
pletely covers the chip surface 215. The fillets 295 offer additional mechanical
support of the leadframe 200 and bounding of the leadframe 200 to the chip 210.

In one preferred embodiment, the overlayer has a length, width, and position over
the chip surface 215 that causcs the overlayer to cxtend past the connectors 220
on the chip 210. In another preferred cmbodiment, the overlayer has a length
and position that causes the overlayer to extend past the sides 265 of the chip 210
This is done so as to form a better fillet 295.

Note that Figures 2A-2F show that in onc preferred ecmbodiment of the trans-
ponder, there is only one planc of conductive material (c.g., mctalization) which
is the leadframe antenna 200. (The connectors 220 on the chip surface 215 fall
slightly out of this plane by a very small amount, i.e., the thickness of the con-
nector 220 and the connection 215.) This is made possible by the stiffness of the
lcadframe antcnna 200 and the fixed mechanical attachment of the antenna at
the connector (and other places if the protective coating 270 and surround 280
are used.) Since there is only onc layer of conductive material, the transponder
is more flexible has a thin profilc.

Figure 3, comprising Figures 3A, 3B, 3C, and 3D, is a diagram showing the plan
view (Figure 3A) and various cross sections (Figurcs 3B-3D) of a preferred RFID
tag with a leadframe antenna and a protective surrounding 280.

Figure 3A shows an elevation of the transponder 250 with cross scctions taken
at the: off chip 240 parts of the leadframc antenna 200 (AA); overlapping length



230 of the frame antenna 200, specifically at the connection 225 (BB); and part(s)
of the transponder where there is no leadframe antenna 200 (CC).

Figure 3B shows a cross section(s) (AA) of the transponder 250 at the off chip
length 240 of the leadframe antenna 200. In this cross section, the only compo-
nents are the leadframe antenna (200, 320) surrounded by the protective sur-
roui:ding 280. In the off chip 240 section of the leadframe antenna 200, the
leadframe antenna 200 is suspending in and surrounded by the protective sur-
rounding 280 with no other supporting structure, e.g. a substrate. Therefore, this
transponder 250 can be very thin because the only structures required in the off
chip 240 sections of the transponder 250 (and leadframe antenna 200 of the
transponder 250) are the leadframe antenna 200 element and the protective sur-
rounding 280. Although the transponder 250 is thin, it is mechanically strong
and environmentally resistant because of the combined strength of the leadframe
200 and the protective surrounding 280.

Figure 3C shows a cross section (BB) of the transponder 250 a the chip 210 with
the ends 210 overlapping a portion or length 230 of the chip surface 215. (This
cross section is specifically at the connection 225.) This cross section also shows
the protective coating 270 and the leadframe 200 end 200A connected to the chip
connector 220.

Figure 3D shows a cross section (CC) of the transponder 250 taken at a point
where there is no leadframe 200. This cross section comprises only protective
surrounding 280 and illustrates that the transponder 250 is completely sur-
rounded by the protective surrounding 280 so that no path cxists for environ-
mental contaminants (o enter and attack the lcadframc 200, leadframe cnd
200A,B, connections 220, and/or chip 210.

Note that the protective surround 280 described in Figurc 3 could also comprisc
and inner 285 and an outer 283 layer as disclosed above.

Figure 4 shows various leadframc antenna structures that are created by stamp-
ing and/or etching various shapcs on the lcadframe metal. Again, the off chip
length can be suspended with with no substrate or other support duc to the
stiffness of the lcadframe 200 (420). Sce dcfinition of Young’s Modulus above.

In Figure 4A there is a dipole antenna 420 attached to the chip 210 connector 220
along with a parasitic clement 421 like a antenna dircctor or reflector.

In Figure 4B a double dipole antenna 420 is stamped and/or ctched and attached
(clectrically and mechanically) to a connector 210 on the chip 400. (Hcrecaflter,
chips 400 are variations of chip 210. For example, in Figure 4B, chip 400 has two
pairs of connectors 220.) Alternatively, the two dipoles 420 can be of different
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lengths and therefore- of different frequencies controlled by two separate
oscillators on the chip 400.

In Figure 4C, the leadframe antenna structure is a “whisker structure” that has
multiple elements to improve the range and directionality of the antenna.

In Figure 4D, two dipolar antennas 420 are stamped and/or etched from the
leadframe to produce an antenna that has clements that are orthogonal or nearly
orthogonal so that the range and directionality of the antenna is enhanced.

Figure 4E shows a monopolar antenna 460.

Figure 4F shows a single loop antenna 450, while Figure 4G shows a multiple
loop antennas 455 (A,B).

These and other antenna structure are disclosed in U.S. Patent Application
Number 08/303,976 to Brady et al. which is herein incorporated by refercnce in
its entirety. '

Further, Figure 4H is a top view as shown in Figure 4A with the addition of two
dummy chip contacts 480. The dummy contacts 480 are connected by a dummy
metal connector 411 with a protruding picce 412. The dummy contacts 430 with
the dummy metal connector 411 provide a mechanical structure on the opposite
side of the chip from the antenna connections 220. The structure that is formed
at the connectors (220 and 480) at any position on the surface 215 of the chip at
the same clevation with respect to a hcad that makes physical contact with the
chip connectors (220 and 480) during thc conncction of the antenna 420 (and
dummy metal connector 411) so that the physical contact (impact) of thc hcad
does not rotate and/or causc torsional stress to thc chip 400. The protrusion 412
provides a connection to an unused portion of the leadframe for mechanical
support while the chip 400 is being attached to the leadframe antenna 420 (with
optional 421.) After the chip 400 is attached to the Icadframe antenna, the
protrusion 412 is cut. See “Mcthod of Making a Thin Radio Frequency Trans-
ponder”, to Brady et al., U.S. Patent Application Number 77? filed on thc samc
day as this application to Brady et al., which is herein incorporated by reference
in its entirety. (Further note that the Icadframe antcnna antcnna 420 and/or the
dummy mechanical conncctor 411 can be connccted to the chip contacts 220
(dummy contacts 480) by any onc or morc known connection methods including
compression bonding, ultrasonic bonding, thermal sonic bonding, and lascr sonic
bonding. For somc bonding tcchniques see U.S. Patent Application Number
08/330,288 entitled Method of Making Radio Frequency Identification Tags, (o
Brady et al. filed on October 27, 1994. -



All these various antenna structures described above, and others, can be clec-
trically connected to the chip (210, 400), with protective coatings 270, and/or
protective surrounds 280 as described in Figure 2 above.

Figure 5A is a plan view of one preferred embodiment of the. present leadframe
structure 530 using positioners 540 to position the leadframe ‘elements of the
leadframe antenna 520 (200, 420, etc.). A positioner 540 is an organic film sirip
or tape that maintains the position of the leadframe antenna 520 with respect to
the chip 210, 400, etc.) and also provides additional support for the antenna 520.
In particular, the positioners 540 provide extra strength for the antenna elements
520 during the assembly process when the antenna elements 520 are attached to
the chip contacts 220 and further arc cut from any unused portion of the
leadframe that may be providing support before the leadframe antenna 520 is
packaged in structure 530. (Here antenna 520°can be any of the antenna em-
bodiments described above and the chip can be any of the chips dcscribed above.)

The positioners 540 are typically between 10 and 125 microns in thickness. More
preferably, they 540 are between 15 and 50 microns in thickness. Examples of
materials used for the 'positioners 540 include: thermosctting materials;
thermoplastic materials; or polyimide. Mylar (polyester) is a matcrial which may
be used.

Typically, the positioners 540 are placed as closc as possible to the chip 210. In
a preferred embodiment, this distance 545 is between O.15 and 0.75 millimeters.
More preferably, the distance about is 0.175 to 0.5 millimeters. However, this
distance is dictated by currcnt manufacturing technology. If this manufacturing
technology would allow closer placement of the positioners 540 to the chip with-
out infringing on the surfacc of the chip, closer placement of the positioners 540
would be used, if cost effective. Typically the positioners 540 have a positioner
width 560 between 0.25 and S millimeters. More preferably, the positioner width
560 is between 0.5 and 2.5 millimeters.

Note however, that the distance 545 needs to insurc proper wicking (see, for cx-
ample, Figures 2C and 2F) of any cncapsulant that would cover the chip along
with the leadframe antenna cnd (200A, B) connccted to the contact 225 and
overrun onto the sides 265 of the chip to form a “fillet. (266, 295)” For proper
wicking to occur, the gap distance 545 should be wide cnough so that the
encapsulant 270 can flow but not too widc so that the cncapsulant fall through

the gap 545. In practice the gap distancc 545 should be at Icast 0.18 mulhmctcrc
(about 7 mils.)

Cross sections B-B and C-C of Figurc 5A arc identical {0 cross sections B-B and
C-C of Figures 3C and 3D, respectively, described above. Figure 5B is a cross
scction A-A of Figure 5A showing the leadframe antenna element 520 and the
positioner 540 enclosed in the protective surrounding 280.



Typically the positioners are located on the same side of the leadframe as is the
chip. This is done so as to not increase the thickness of the total package. If both
the chip and the positioners are attached on the same side of the leadframe, the
maximum thickress of this part of the package is that of the leadframe plus that
of the thickest of the chip or the positioners. If the chip and the positioners were
on opposite sides of the leadframe, the total thickness would be the sum of the
thickness of all three elements.

Figure 6 is a plan view of the radio frequency circuit with a leadframe antenna
(620, 621) (or any of others described above) and an alternative preferred
positioner 640. This positioner 640 has a positioner width 610 that is wide
enough to cover the chip (210, 400, etc.) and two times the gap (typically 615 or
the sum of the gaps 61SL and 615R), while still overlapping 625 some of the
leadframe antenna 620. The gaps 615 on the (right 615R and left 615L) sides of
the chip 210 and the gaps 620 on the top 630T and bottom 630B sides of the chip
form a window 650 in which the chip 210 sits. In a preferred embodiment, as
described above, all the gaps (615L, 615R, 630T, 630B) are wide enough to allow
an encapsulant to flow between the chip 210 sides 265 and the positioner 640 so
that the encapsulant wicks and forms a fillet attaching to the sides 265 of the
chip 210. This embodiment requires that the manufacturing process position the
chip 210 within the window 650 so that the correct gaps (615, 630) are created.
The positioner 640 can be made as thick and made of thc samec material as the
positioners described above.

Figurc 7 is a plan view of the radio frequency circuit with a leadframc antenna
420 (421) and alternative preferred positioners 740 that arc positioned on cither
side of the chip (210, 400, etc.). The gaps 715 on the left 715L and right 715R
sides of the chip 210 form a trough or channel 730 in which the chip 210 sits.
As described above, in a preferred embodiment, the gaps 715 are wide enough to
allow an encapsulant to flow between the sides 265 of the chip 210 and the
positioner(s) 740 so that the encapsulant wicks and forms a fillet attaching to the
side(s) 265 of the chip 210. This embodiment rcquires that thc manufacturing
process position the chip 210 within the trough 730 so that the correct gaps 715
are crcated. The positioners 740 can bc made as thick and made of the same
material as thc positioners described above. Typically the positioners 740 have
a positioner width 760 between 0.25 and 5 millimeters. More preferably, the
positioner width 760 is between 0.5 and 2.5 millimeters. The positioners 740 are
placed preferably so that the gab 715 is 0.5 mm or lcss, and more prefcrable so
that the gap 715 is 0.25 mm or lcss. :

Figure 8, comprising Figurcs 8 A-8C, shows a plan view of “centering” circuit chip
connectors 220 (Figurc 8A), a plan view of alternativc attachments (o “eentered”
circuit chip conncctors 220 (Figure 8B) and a side view (Figurc 8C) with a pro-
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tcctive coating 270. Positioning the connectors in this manner reduces or removes-
the requirement for positioners (540, 640, and 740) to hold the encapsuiant 270
so as to form a dome of encapsulant 270 over the chip.

In Figures 8A and 8B, the leadframe antenna leads 200 (any antenna structure
described above) are positioned over 230 and bonded 225 to thc chip connectors
220 on chip 210. The chip connectors 220 are located a minimum distance 815
from each of the sides 265 of the chip 210. Specifically, the conncctors are located
on the chip surface 215 at: a distance 815L from the left side 265L, a distance
815R from the right side 265R, a distance 815B from the bottom side 265B, a
distance 815T from the left sidc 265T of the chip 210. Placement of the chip
connectors 220 in this manner “centers” the chip connectors in a center region 850
on the surface of the chip 210. This centering provides a larger overlapping
length 230 which provides a stronger mechanical connection of the leadframe
antenna 200 (etc.) to the chip 210. In a preferred embodiment, the distance 815
is between 0.25 mm and 0.5 mm. More preferably the distance 815 is about one
quarter of the width of chip for small chips.-

In Figure 8B, one or more of the leadframe antenna elements 801 has a bend 860.
This is done so as to relcave the stress from mechanical bending or thermal mis-
match of expansion cocfficients of the different materials of the package.

In Figure 8C, a domc of encapsulated 270 is deposited over the chip 210 in such
a way as to cover the chip conncctors 225 with a protective coating 270.

Figure 9 is a side view of an allcrnative preferred embodiment 900 of the present
structure showing the circuit 210 supported by and bonded to the leadframe an-
tcona 920 (200 etc.) structurc. The wircbond wires 901 are bonded fo the
lcadframe antcnna 920 to form conncctions 935 to the antenna 920. The wires
901 arc bonded. 225 to the conncction pads 220 on the chip 210 at their chip ter-
mination ends (200A,B). The chip 210 is located on the leadframe 920 while the -
whole structure is surrounded by a protective matcerial 280.

Given the above disclosurc, alternative cquivalent embodiments would become
apparent to onc skilled in the art. Thesec emboadiments arc within the contem-
plation of the inventors. For cxample, any onc of the antcana structures dis-
closed could be uscd with any one of the positioners disclosed. Alternatively, no
positioners could be used. Also, the radio frequency package may or may not usc
any onc of the protective coating andjar protective surrounds.



CLAIMS

We claim:

I. A radio frequé.ncy“ transponder_ comprising:

a. a circuit chip having a surface ‘;Jvith one or more connectors; and °

b. a leadframe being an electrically conductive foil with two or more ends, one
or more of the ends being electrically attached to one of the connectors on the
circuit chip so that the leadframe forms a leadframe antenna for the radio fre-
quency circuit.

2. A transponder, as in claim I, where one or more of the ends electrical con-
nected to one of the chip connectors is also fixably attached to the chip connector,
the leadframe antenna being supported at the chip connector to which it is fixably
attached. '

3. A transponder, as in claim 2, where the end is electrically and fixably attached
with any of the following bonding techniques: direct metallurgical attachment, c4
bonding, solder bonding, and mctal bump bonding.

4. A transponder, as in claim 2, where the fixably attached end has any of the
following end shapes: flat, crescent, off sct, angle, and ball.

5. A transpohdcr, as in claim I, where the electrically conductive foil is made of
any of the following: copper, copper alloy, nickcl-iron alloy, a metal plated with

copper, a metal plated with silver, a metal plated with nickel, and a mctal plated
with gold.

6. A radio frequency transpondcr comprising:

a. a circuit chip having a surfacc, a radio frequency circuit, and one or more
connectors electrically connccted to the radio {requency circuit;

b. a leadframe being an clectrically conductive foil with two or morc cnds, onc

“or more of the ends being clectrically attached to onc of the connectors on the
circuit chip so that the leadframe forms a leadframe antenna for the radio fre-
quency circuit, the lcadframe having an off chip length and an overlapping
length, the off chip length not overlapping the surface and the overlapping length
overlapping the surface, at least onc of the cnds being part of the overlapping
length and being electrically and fixably attached to one of the connectors; and
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c. a protective coating covering the circuit chip surface and the ends overlapping
the circuit chip surface.

7. A radio frequency transponder, as claim 6, where the off chip length is un-
supported.

8. A radio frequency transponder, as in c'aim 6, where one or more of the con-
nectors are focated within a center portion of the circuit chip so that the protec-
tive coating provides additional support for the leadframe antenna, the center
portion being on the surface at least 20 mils from any one of one or more sides
of the circuit chip.

9. A radio frequency transponder, as in claim 6, where the off chip length of the
- leadframe antenna is attached to one or more positioners.

10. A transponder, as in claim 6, where the end is electrically and fiXably at-
tached with any of the following bonding techniques: direct metallurgical attach-
: ment, ¢4 bonding, solder bonding, wirc bonding, and metal bump bonding.

i 11. A transponder, as in claim 6, further comprising a overlayer, the overlayer
being positioned above the conncctors of the circuit chip, the protective coating
being between the surface and the overlayer.

12. A transponder, as in claim 11, where the protective coating further extends
around one or more sides of the circuit chip forming a fillet.

13. A transpbndcr, as in claim 11, where the overlayer has a length, width, and
position that causes the overlayer to extend past the connectors.

14. A transponder, as in claim 11, where the overlayer has a length, width, and
position that causes the overlayer to extend past the sides.

15. A radio frequency circuit comprising:

a. a circuit chip having a surface, a radio frcquency circuit, and onc or more
connectors connccted to the radio frequency circuit;

b. a lcadframe being an electrically conductive foil with two or more ends, one
or more of the ends being a connected end that is clectrically and lixably attached
to onc of the conncctors on the circuit chip so that the lcadframe forms a
lcadframe antenna for the radio frequency circuit, the leadframec having an off
chip length and an overlapping length, the off chip length- not overlapping the
surface and the overlapping length overlapping the surface, at lcast one of the
connected ends being part of the overlapping length; and -
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c. a protective surrounding that cnvelops the circuit chip and the leadframe.

16. A radio frequency transponder, as in claim {5, where one or more of the
connectors is located within a center portion of the circuit chip so that the pro-
tective surrounding provides additional support for the leadframe antenna, the
center portion being on the surface at least 20 mils from any one of one or more
sides of the circuit chip. ~

[7. A transponder, as in claim 15, where the connected end is electrically and
fixably attached with any of the following bonding techniques: direct
metallurgical attachment, c4 bondmg, solder bonding, wire bonding, and metal
bump bonding.

18. A transponder, as in claim 15, where there is one level of conductor over the
entire off chip length.

19. A tag, as in claim 15, where the off chip length of the leadframe antenna
comprises a single layer and where a cross section of the transponder at any lo-
cation on the off chip length of the Icadframe antenna compriscs only the
leadframe antenna and the protective surrounding. :
20. A radio frequency tag, as in claim 15, where the off chip length of the
leadframe antenna is attached Lo one or more positioners.

21. A radio frequency transponder comprising:

a. a circuit chip having a surfacc and a radio frequency circuit, and onc¢ or more
connectors connected to the radio frequency circuit;

b. a leadframc being an clectrically conductive foil with two or morc ends, onc
or more of the cnds being a connected cnd that is clectrically and fixably attached
to one of the connectors on the circuit chip so that the leadframe forms a
leadframe antenna for the radio frequency circuit, the Icadframc having an off
chip. length and an overlapping length, the off chip length not overlapping the
surface and the overlapping length overlapping the surface, at Icast onc of the
connected ends being part of the overlapping length;

c. a protective coating covering the conncctors and at Icast a portion of the chip
surface; and

d. a protective surrounding that envelops the circuit chip, the protective coating,
and the leadframe.

22. A transponder, as in claim 21, where the protective coating is made of any
one of the following polymer matcnals cpoxies, siliconcs and urethancs. also
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known as isocyanates or polyurcthanes, which are thermosetting, additional pro-
tective coatings include photopolymers or ultraviolet (uv) curing materials.

23. A transponder, as in claim 21, where the protective surrounding is made of
any one of the following materials: paper, cardboard thermosetting,
thermoplastic, or pressure sensitve materials: ethylene acetate, polystyrene,
polycarbonate, polypropylene, polyethylene, polyurethane, polyester, polyolefin,
nylon, vinyl, silicones, rubber based adhesives, acrylic adhesive, and water soluble
adhesives and polyethylene terephthalete (PET), polyethylene naphthalate
(PEN), polyetherimide (PEI), polyetherether ketone (PEEK), polysulfone (PS),
polyphenylene sulfone (PPS), and polyethersulphone (PES), polyvinyl chloride
(PVC), polyester (Mylar), and polyimide (Kapton).

24. A transponder, as in claim 21, where the protective- coating is injection -
molded material.

25. A transponder, as in claim 2I, where the protective surrounding comprises
an inner and an outer layer.

26. A transponder, as in claim 25, where the inner layer in made of any one of
the following materials: ethylenc vinyl acetate, acrylic, siliconc, rubber, modified
epoxies, phenolic, polyester, polyimide, as well as fluoropolymer based adhesives.

27. A transponder, as in claim 25, where the outer layer in made of any one of
the following materials: paper, cardboard, polyethylene terephthalete (PET),
polyethylene. naphthalate (PEN), polyetherimide. (PEI), polyetherether ketone
(PEEK), polysulfone (PS), polyphenylene sulfone (PPS), and polyethersulphone
(PES), polyvinyl chloride (PVC), polyester (Mylar), and polyimide (Kapton).

28. A radio frequency transponder comprising:
a. a circuit chip having a surface and one or morc conncctors on the circuit chip;

b. a.leadframe being an elcctrically conductive foil with two or more ends, onc
or more of the ends being a connccted cnd that is clectrically and fixably attached
to onc of the connectors on the circuit chip so that the lcadframe forms a
lcadframe antenna for the radio frequency circuit, the lcadframe having an off
chip length and an overlapping length, the off chip length not overlapping the
surface and the overlapping length overlapping the surface, at least onc of the
connected ends being part of the overlapping length, the leadframe antenna being

. positioned by one or more positioners attached to the lcad{rame antcnna at one
or more locations along the off chip length;

c. a protective coating covering the connectors and at Icast a portion of the chip

surface; and
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d. a protective surrounding that cnvelops the circuit chip, the protective coating,
and the leadframe.

29. A transponder, as in claim 28, where the positioner is a strip with a window,
the circuit chip being located in the wmdew and the positioner surrounding the
circuit chip. .

30. A transponder, as in claim 28, where the positioners are strips, each strip lo-
cated adjacent to a side of the circuit chip.

31. A transponder, as in claim 30, where the posmoners are within 0.25 mm of
the side of the circuit chip.

32. A transponder, as in claim 28, further comprising a overlayer, the overlayer
being positioned above the connectors of the circuit chip, the protective coating
being between the surface and the overlayer.

33. A transponder, as in claim 32, where the protective coa'ting further extends
around one or more sides of the circuit chip forming a fillet.,

34. A transponder, as in claim 32, where the overlayer has a length and poSition
that causes the overlayer (0 extend past the connectors.

35. A transponder, as in claim 32, where the overlayer has a length and position
that causes the overlayer to extend past the sides.
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