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fication (RFID) antenna 40 is disclosed. The antennas 40 are fabricated on

a substrate 11 that includes already fabricated RFID chips 21. The antennas
40 can be loop antennas. An antenna 40 is connected to a RFID chip 21 in
an assembly order and a RFID tag 10 including the antenna 40 and the RFID
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chip 21 is removed from a carrier substrate 25 connected with the substrate
11 in a disassembly order. The assembly order and the disassembly order
prevent the overlapping antennas 40 from being damaged or entangled upon
disassembly. The antenna 40 can be substantially larger than the RFID chip
21 it is connected with and the resulting RFID tag 10 can have a small size
and small cost with the enhanced performance of a larger antenna 40 without
having to resort to a large off-chip external antenna or a large on-chip antenna
that would increase chip area and cost.
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METHbD OF FABRICATING A RAT'S NEST RFID ANTENNA

FIELD OF THE INVENTION

The present invention relates generally to a method of fabricating a rat's nest
radio frequency identification (RFID) antenna. More specifically, the present invention
relates to a method of fabricating a RFID antenna on a RFID chip die while the die is

still attached to a substrate.

BACKGROUND OF THE ART

Radio frequency identification (RFID) is a technology that has been in use since
the 1940's where military aircraft carried large transponders as part of an IFF (Identify
Friend-or-Foe) system. The transponder received electrical power from the aircraft and
was thus an active RFID transponder. When a radar signal interrogated the
transponder the transponder would generate a specific radio frequency signal that
identified the aircratft as a “friendly” aircraft. This IFF system prevented otherwise

friendly aircraft from being shot down by other friendly aircraft or friendly military forces.

State of the art microelectronics technology now make it possible to fabricate
very small analog (e.g. RF circuitry) and digital (e.g. Memory) circuits on silicon (Si). As
a result, RFID technology is currently being used to obtain information stored on a RFID
tag that is a much smaller version of the aforementioned large RFID transponder used
for aviation IFF. At its most basic, a RFID system includes a RFID reader and one or

more RFID tags that are attached to an object to be identified.

The RFID reader transmits a radio frequency signal that creates an
electromagnetic field. The RFID tags include electronics that store information about
the object the tag is attached to. For example, the object can be a piece of
merchandise, a food article, currency, a product, a component passing through a

manufacturing process, an automobile, or a piece of luggage. The RFID tag also
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includes an antenna and electronics connected with the antenna for receiving a specific
radio signal and for transmitting the stored information at a specific radio frequency

when the RFID tag enters the electromagnetic field generated by the RFID reader.

A RFID tag can be an active tag or a passive tag. An active RFID tag includes a
power source, such as a battéry, for example. Upon entering the electromagnetic field
generated by the RFID reader, the active RFID tag extracts data from the
electromagnetic field and then transmits its own information carrying radio signal to the
RFID reader. In contrast, a passive RFID tag does not include a power source.
Instead, the electromagnetic field generated by the RFID reader induces an AC voltage
in the antenna of the passive RFID tag and that induced voltage is then rectified to
produce a DC voltage that energizes the passive RFID tag. Once energized, the
passive RFID tag transmits an information carrying radio signal to the RFID reader.
Due to the requirement of a power source, active RFID tags are typically larger and

more costly than passive RFID tags.

In FIG. 1, a substrate 400 includes a plurality of RFID chips 401 that include an
area @;. The substrate 400 can be a wafer of a semiconductor material such as silicon

(Si), for example. The substrate 400 can include a wafer fiat 400f and scribe lines
402s that delineate the RFID chips 401 and allow the RFID chips 401 to be separated

from one another.

A designer of an RFID chip 401 is faced with two fundamental choices between
using an on-chip antenna 405 as depicted in FIG. 2a or an external antenna (421, 431)
as depicted in FIGS. 2b, 3a, and 3b. In FIG. 1, The RFID chip 401 can include the on-

chip antenna 405 positioned within an outer perimeter P, of the chip 401, RFID
electronics 403 that occupy a smaller area @,, and conductive traces or bonding wires

413 that electrically connect nodes (415, 417) on the RFID electronics with nodes (407,
408) on the on-chip antenna 405.
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If the on-chip antenna 405 can be accommodated on-chip without increasing the

area &, of the RFID chip 401, then the RFID chip 401 will offer the lowest possible

RFID tag cost because tag cost is directly proportional to the area a,. However, one

disadvantage of the on-chip antenna 405 is that unless the chip 401 s large, the on-
chip antenna 405 will offer only a very limited range. That is, the chip 401 must be in
very close proximity to the RFID reader in order to receive the electromagnetic field and
to transmit the information stored on the RFID chip 401 to the RFID reader. The range
may be adequate in some cases, but in general more range is better. Another
disadvantage of on-chip antennas is that scaling of the RFID chip 401 to smaller chip

sizes (i.e. reducing the area @, thereby reducing tag cost) is largely precluded because

shrinking the on-chip antenna 405 will seriously impact the range of the RFID chip 401
and/or reduce a data rate at which the information is transmitted from the RFID chip
401 to the RFID reader. 4

On the other hand, by using an external antenna as depicted in FIGS. 2b, 3a,
and 3b, the range of the RFID chip 401 can be greatly increased, but at a substantial
increase in tag cost. The increase in tag cost can be attributed in large part to: a cost
of manufacturing the external antenna (421, 431); a cost of mounting the RFID chip 401
to a substrate 451 that carries the antenna 431; and a cost of making an electrical
connection (between the RFID chip 401 and the external antenna (421, 431). For
example, in FIGS. 2b, 3a, and 3b, a wire bonding process can be used to connect a
wire 413 with nodes (415, 417) on the RFID chip 401 and with nodes (423, 425) on the
external antenna (421, 431). Solder balls 444 or other techniques that are well
understood in the microelectronics art (e.g. surface mount technology) can be used to
electrically connect the RFID chip 401 with the external antenna (421, 431).

The process of connecting the RFID chip with the external antenna is a non-trivial
process that increases the cost of the RFID tag, especially when the RFID chip 401 is

much smaller than the external antenna (421, 431) as is often the case when large

external antennas are used. For example, the H-chip™ by HITACHI® has a size that
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is 0.4 mm * 0.4 mm, which is much smaller than a grain of rice; however, the external

antenna that is connected with the pI-chip™ is substantially larger than the p-chip™
itself. Much effort has been expended in recent years to develop a low-cost means for
connecting a small RFID chip to a large external antenna. As one example, Alien
Technology® claims a RFID tag cost of less than $0.10 in high volumes for RFID
chips that are connected with a large external antenna using fluidic self assembly (FSA)
techniques. HITACHI® with its P-chip™ and other makers of RFID tags have
developed their own approaches to solving the problem of connecting a small RFID
chip to a large external antenna. As another example, a current cost per unit area for a
RFID chip fabricated on silicon (Si) is on the order of $0.20/sq-mm and with a RFID

chip size of 0.4 mm on a side, the cost for the bare RFID chip (i.e. absent the external
antenna) would be roughly $0.03 per RFID chip (i.e. $0.20/mm? *[0.4 mm *0.4 mm]

= $0.03 per RFID chip) . Therefore, the total cost of a complete RFID tag would then

be determined by the cost of the large external antenna and the cost of connecting the
antenna to the RFID chip.

Consequently, there exists a need for a RFID tag with a cost that approaches
that of an on-chip antenna, but with a performance approaching that of a separately
fabricated and much more expensive external antenna. There is also a need for a low
cost method of fabricating a RFID tag with a low cost antenna that uses a low cost
means for connecting the antenna with a RFID chip and would add little to a cost of
even the smallest RFID chips.
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SUMMARY OF THE INVENTION

The method of the present invention solves the aforementioned needs by
connecting a plurality of antenna in an assembly order to a plurality of previously
fabricated RFID chips while the RFID chips are still connected with a carrier substrate.
The method includes connecting a substrate that carries the previously fabricated RFID
chips with a carrier substrate and then singulating the substrate to separate the plurality
of RFID chips into a plurality of diesites so that each RFID chip can be processed as a
discrete die. In a predetermined assembly order, an antenna is connected with a
selected RFID chip to form a RFID tag. A first portion of the antenna is positioned
opposite a quadrant defined by a diesite corner of the die the antenna is connected
with. A second portion of the antenna is positioned outside a perimeter of the RFID
chip. The connecting of additional antenna to additional RFID chips in the assembly
order can be repeated as necessary with each successively connected antenna
overlapping a previously connected antenna. Essentially, the connected antennas form
a rat’s nest of antennas. Subsequently, the RFID tags can be removed from the carrier

substrate in a disassembly order and optionally attached to a host object.

The rat’s.nest antenna approach falls in between RFID tags with on-chip antenna
and RFID tags with external antenna in both cost and performance. The antenna can
be connected with the RFID chip using low-cost wire bonding techniques and the
antenna can be a wire made from a low cost material such as aluminum (Al) or copper
(Cu). Consequently, the rat’s nest antenna adds little to the cost of even the smallest
RFID chips. Because the antenna can be substantially larger than the RFID chip, the
rat's nest antenna overcomes the performance limitations of small on-chip antennas.

Other aspects and advantages of the present invention will become apparent
from the following detailed description, taken in conjunction with the accompanying

drawings, illustrating by way of example the principles of the present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top plan view depicting a prior substrate including a plurality of prior
RFID chips.

FIG. 2a is a top plan view depicting a prior RFID tag with an on-chip antenna.
FIG. 2b is a top plan view depicting a prior RFID tag with an external antenna.

FIG. 3a is a top plan view depicting a prior RFID tag mounted on a substrate

with an external antenna.

FIG. 3b is a cross-sectional view along a line VI-VI of FIG. 3a and depicts an

electrical connection between a prior RFID chip and an external antenna.

FIGS. 4a and 4b are flow diagrams depicting a method of fabricating an

anienna on a substrate.

FIGS. 5a and 5b are top plan views depicting a substrate including a plurality of
RFID chips.

FIG. 6a is cross-sectional view depicting a singulated substrate.

FIGS. 6b through 6d are detailed cross-sectional views of a section II of FIG.
6a.

FIG. 7 is a cross-sectional view depicting a connecting of a substrate with a

carrier substrate.

FIG. 8 is a top plan view depicting a RFID chip.
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FIG. 9 is a top plan view depicting a plurality of diesites on a substrate.

FIGS. 10a through 10d and are top plan views depicting a connecting of an

antenna to a RFID chip in an assembly order.

FIG. 10e is a cross-sectional view along a line TI-III of FIG. 10c.

FIG. 11ais a top plan view depicting a RFID tag in which an area enclosed by

an antenna is greater than an area of an RFID chip the antenna is connected with.

FIG. 11b is a top plan view depicting an antenna including an area positioned

inside a perimeter and outside a perimeter of a RFID chip.

FIGS. 12a through 12¢ are top plan views depicting a removing of a RFID tag

from a carrier substrate in a disassembly order.

FIG. 12d is a cross-sectional view depicting a method of removing a RFID chip

from a carrier subsirate.

FIG. 13a is a cross-sectional view depicting antennas that are in contact with

one another.

FIG. 14ais a top plan view depicting a connecting of nodes on an antenna and a
RFID chip.

FIG. 14b is a cross-sectional view depicting a connecting of a RFID tag with a

host object.

FIG. 14¢ is a cross-sectional view depicting an encapsulated RFID tag.
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DETAILED DESCRIPTION

In the following detailed description and in the severai figures of the drawings,

like elements are identified with like reference numerals.

As shown in the drawings for purpose of illustration, the present invention is
embodied in method of fabricating an antenna on a substrate including a plurality of

previously fabricated RFID chips.

In FIGS. 5a and 5b, a substrate 11 includes a plurality of RFID chips 21 that
have been previously fabricated on the substrate 11. Accordingly, one of ordinary skill
in the art will appreciate that the RFID chir;s 21 can be fabricated using processes that
are well understood in the microelectronics art and that the RFID chips 21 can include
RF circuitry, analog circuitry, and digital circuitry. The substrate 11 can be made from a
material including but not limited to a semiconductor material, silicon (Si), and a silicon
wafer such as the type commonly used in the fabrication of microelectronic devices.
The substrate 11 can have a shape including but not limited to a rectangular shape as
depicted in FIG. 5a or a circular shape as depicted in FIG. 5b. The circular shape can

be a wafer that includes a wafer flat 12f.

In FIG. 6a and referring to the flow diagram of FIG. 4a, at a stage 103, the
substrate 11 is connected with a carrier substrate 25. A variety of methods can be
used to connect the substrate 11 with the carrier substrate 25. Those methods include
but are not limited to using an adhesive to adhesively connect the substrate 11 with the
carrier substrate 25 and using a glue to glue the substrate 11 and the carrier substrate
25 to each other. The carrier substrate 25 serves as a stable platform or foundation
upon which to carry out additional fabrication steps on the RFID chips 21 as will be

described below.
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In FIG. 7, as one example of how the substrate 11 can be connected with the
carrier substrate 25, a layer 23 of a double sided adhesive material including adhesive
surfaces 23t and 23b can be used to adhesively connect the substrate 11 with the
carrier substrate 25. A bottom surface 11b of the substrate 11 and a top surface 25s
of the carrier substrate 25 can be urged U into contact with the adhesive surfaces (23t,
23b) to effectuate the connecting of the substrate 11 with the carrier substrate 25.
Preferably, the carrier substrate 25 is a substantially planar along the top surface 25s
so that the substrate 11 can be mounted on a flat surface. The carrier substrate 25 can
be made from a variety of materials including but not limited to a semiconductor

material, a metal, a plastic, a glass, a ceramic, a composite material, quartz, and a
borosilicate glass, such as a PYREX™ glass, for example.

In FIGS. 6a through 6d, at a stage 105, the substrate 11 is singulated to
separate the RFID chips 21 from one another with each RFID chip 21 forming a diesite
(see diesites @ - P in FIG. 9) that is connected with the carrier substrate 25. The
singulating at the stage 105 can be accomplished using a process including but not
limited to sawing, etching, cutting, scribing, or the like. For example, it is well
understood in the microelectronics art that die on a semiconductor wafer can be either
scribed or sawed to separate the die from one another. However, after the stage 105
the diesite 21 are still connected to the carrier substrate 25. The singulating forms a
space 12s between adjacent diesites such that the diesites are no longer connected to

one another but are still connected with the carrier substrate 25.

As one example, the singulating at the stage 105 can be accomplished using a
saw to cut the spaces 12s in the substrate 11. The spaces 12s can be cut down to a
bottom surface 11b of the substrate as depicted in FIG. 6b or the spaces 12s can be
cut partially into or all the way through the layer 23 as depicted in FIG. 6¢, where the
spaces 12s are cut all the way through the substrate 11 and partially through the layer
23. As another example, in FIG. 6d, the spaces 12s can be cut all the way through the

substrate 11 and the layer 23, but only partially through the carrier substrate 25.
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In FIGS..8 and 9, after the singulating at the stage 105, each RFID chip 21
comprises a diesite denoted as diesites a through p in FIG. 9. Although only sixteen
diesites are depicted, the actual number of diesites will be application specific and
may be determined by a total useable number of RFID chips 21 that were previously
fabricated on the substrate 11. In FIG. 8, a RFID chip 21 has a perimeter P1 and can
include circuitry 30, a first node 31, and a second node 32. One of ordinary skill in the
art will appreciate that the circuitry 30 can include RF circuits, analog circuits, digital
circuits, memory (e.g. ROM and/or RAM), a power source such as a battery, and other
circuitry necessary to implement a passive or an active RFID tag. The first and second
nodes (31, 32) can be electrically conductive bonding pads that are electrically
connected with the circuitry 30. As will be described below, an antenna will be

electrically connected with the first and second nodes (31, 32).

In FIGS. 10a through 10d, at a stage 107, an antenna 40 is connected with a
selected RFID chip 21 in an assembly order. The assembly order is a predetermined
order that is application specific and can be based on several factors including the
shape of the substrate 11. For example, the assembly order may be different for the
circular (e.g. wafer shaped) substrate 11 of FIG. 5b than the rectangular shaped
substrate of FIG. 5a. As an example, in FIG. 10a, the assembly order comprises
traversing down the columns of the substrate 11 as depicted by the dashed fines 1, 2,

3, and 4 so that the diesites are connected with the antenna 40 by moving down each
column to connect the RFID chips 21 in that'column with an antenna 40 and then moving

to the next column in a left to right order. Therefore, the assembly order is:

a; b; ¢; and d for the column traversed by dashed arrow 1 (see FIG. 10c);
e; f; g and h for the column traversed by dashed arrow 2;
i; J; K and I for the column traversed by dashed arrow 3; and

m; n; 0 and P for the column traversed by dashed arrow 4.

10
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in FIG. 10b, the antenna 40 is connected with the diesite & Connecting the
antenna 40 with the RFID chip 21 can include connecting a first node 41 and a second
node 42 of the antenna 40 with the first and second nodes (31, 32) respectively of the
RFID chip 21. For example, a wire bonding machine can be used to connect the first
and second nodses (41, 42) of the antenna with the first and second nodes (31, 32) of
the RFID chip 21. The first and second nodes (31, 32) can be contact pads such as the
type used in ASIC devices for connecting pads on a chip with bonding pads on a lead
frame. The antenna 40 can be made from an electrically conductive material including
but not limited to copper (Cu), aluminum (Al), or other bare or insulated wire. The
antenna 40 can be a loop antenna as depicted in FIG. 10b, or the antenna 40 can have

another shape tailored to a specific application.

The shape of the antenna 40 will be determined in part by a means used for
forming and connecting the antenné 40 to the RFID chip 21. For example, if a wire
bonding machine is used, then the accuracy with which the antenna 40 is positioned on
the diesite and the shape of the antenna 40 will be determined by the capabilities of the
wire bonding machine. The connecting of the antenna 40 is not to be construed as

being limited to a wire bonding process and any process suitable for effectuating the

connection can be used.

It is desirable to prevent entanglement of the antennas 40 with one another as
additional antenna 40 are connected to their respective RFID chips 21. Entangled
antennas can lead to damage to the antenna 40 and/or the RFID chip 21 when the
RFID chip 21 is removed from the carrier substrate 25 as will be described below. One
way to prevent entanglement is to control the shape of the antenna 40 and the position
of the antenna 40 relative to the diesite. In FIG. 10b, the antenna 40 is positioned
entirely within a quadrant Q4 defined by a diesite corner. The diesite corner is defined
by the intersection of the X-y axes. In FIGS. 10¢ through 10d, the positioning of the
antenna 40 entirely within the quadrant Q4 prevents entanglement of the antennas 40

with one another as they are connected to their respective RFID chips 21 and allows for

11
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the RFID chips 21 to k?e removed from the carrier substrate 25 in a disassembly order
that prevents entanglement of the antennas 40 during a disassembly process to be

described below.

In FIG. 11a, one advantage of the antenna 40 is that the antenna 40 can be

substantially larger than the RFID chip 21 that the antenna 40 is connected with. For
example, if the RFID chip 21 has an area A, determined by a width and a height of the
diesite, the antenna 40 can enclose an area A, that is substantially larger than the area
A,. The area A, is measured between an interior perimeter of the antenna 40 and a
dashed line 40”. As an example, if the RFID chip 21 has dimensions of (0.5 mm * 0.5
mm) so that the area A, is 0.25 mm?, then the area Az enclosed by the antenna 40 can
be several times larger than the area A, such as ten times the area A, so that A; is
2.5 mm?(i.e. 10 * 0.25 mm?). Accordingly, for a very small RFID chip 21, the antenna

40 can be much larger with the resulting advantages of a low cost per unit of area A, for
the RFID chip 21 and a large, low cost, connected antenna 40 that has the performance

advantages of the aforementioned prior large external antenna.

In FIG. 11b, another advantage of the antenna 40 is that it includes a first portion

(denoted as an area Ag) positioned inside the perimeter P1 of the RFID chip 21 and

the first portion is positioned opposite the quadrant Q4 defined by the diesite corner
(i.e. the X-y axes). The antenna 40 also includes a second portion (denoted as an
area A,) that is positioned outside the perimeter of the RFID chip 21 the antenna 40 is
connected with. The area A, of the second portion is greater than the area A; of the
first portion and the area A, is also greater than the area A, of the RFID chip 21.
Consequently, the area A, of the antenna 40 that is positioned off-chip (i.e. outside the

perimeter of the RFID chip 21) can be substantially larger than the area A, of the RFID
chip 21.

12



WO 2005/107403 PCT/US2005/015299

In FIGS, 10c and 10d and referring to FIG. 4a, at a stage 109, the process of
connecting another antenna 40 with another RFID chip 21 in the assembly order can be
repeated as necessary. Each successively connected antenna 40 overlaps a

previously connected antenna 40 as depicted in FIGS. 10c and 10d. The connecting
process may be used to connect antennas 40 to all of the available diesites @ - P (see
FIG. 10d) or only a subset of the diesites can have antennas 40 connected therewith.

For example, only the diesites @ - h can have antennas 40 connected therewith in the

assembly order for columns 1 and 2.

As depicted in FIGS. 10c and 10d the connected antennas 40 partially overlap
one another as they are successively connected in the assembly order. For example, in

FIG. 10c, a portion of the antenna 40 at diesite b overlaps the antenna 40 at diesite a.
Similarly, a portion of the antenna 40 at diesite C overlaps the antenna 40 at diesite b

and a portion of the antenna 40 at diesite d overlaps the antenna 40 at diesite C.

Moreover, as additional antenna 40 are connected, the number of antennas 40

that are overlapped by another antenna 40 increases. For example, the antenna 40 at
the diesite P overlaps portions of the antennas 40 at diesites 0, j, K, I, g, and h;

however, the antenna 40 at the diesite P is also positioned above all of the antenna 40
that it overlaps so that is will not become entangled with those antenna 40 when the

RFID chip 21 at the diesite P is removed from the carrier substrate 25.

In FIG. 10e, a cross-sectional view of the diesites a - d of FIG. 10¢, the

connected antennas 40 may be spaced apart $ from one another such that the
antennas 40 are not touching each one ancther. The antennas 40 may extend

substantially a out-of-plane of the surface 11s of the substrate 11 as denoted by an
angle O between the antenna 40 and a line IV-IV that is coplanar with the surface 11s.

Consequently, the spatial relationship between the antennas 40 aliows for a

disassembly order that prevents the antennas 40 from entangling with or interfering with

13
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one another as they are removed from the carrier substrate 25. Therefore, in FIG. 10e,
when diesite d is removed from the carrier substrate 25 prior to the removal of diesite
C, the antenna 40 at diesite d will not snag or otherwise interfere with the antenna at

diesite C.

As was describe above, the actual shape and spatial relationship between the
antennas 40 will be determined in part by an accuracy of the means used to connect the
antennas 40 with their respective diesites. In contrast, in FIG. 13a, the connected

antennas 40 can include a portion that is in contact with an adjacent antenna 40 as

denoted by a dashed oval C. The antenna 40 may also lay closer to the plane IV-IV

as denoted by an angle B that is closer to the plane IV-IV than the angle O of FIG. 10e.

In FIG. 4a, after the stage 109, if all desired diesites have an antenna 40
connected therewith, then the connection process can be terminated at the stage 131.
The substrate 11 can then be stored or shipped for later disassembly of the diesites
from the carrier substrate 25. The RFID chip 21 with a connected antenna 40

comprises a RFID tag.

In FIG. 14a, a RFID tag 10 includes the RFID chip 21, a connected antenna 40,
and circuitry 30. The circuitry 30 can have an area A, that is less than the area A, of
the RFID chip 21 and the circuitry 30 can be electrically connected with the first and
second nodes (31, 32) by electrically conductive traces (51, 52). An electrical
connection between the first and second nodes (41, 42) of the antenna 40 and the first
and second nodes (31, 32) of the RFID chip 21 can be made using solder balls 34 or
the like.

However, after the connecting process is completed, it may be desirable to
disassemble the diesites from the carrier substrate 25. In FIGS. 12a through 12¢ and
referring to FIG. 4b, at a stage 111, each RFID tag 10 is removed from the carrier

substrate 25 in a disassembly order denoted by dashed arrows 1 - 4. Preferably, the

14
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disassembly order is opposite the assembly order.
Therefore, a disassembly order opposite the assembly order would be:

P; 0; n; and M for the column traversed by dashed arrow 1 (see FIG. 12b);
I; K; j and i for the column traversed by dashed arrow 2;

h; g; f and e for the column traversed by dashed arrow 3; and

d; ¢; b and a for the column traversed by dashed arrow 4.

Accordingly, in FIG. 12b the first RFID tag 10 to be removed from the carrier
substrate 25 is the diesite p. The removing process continues until all desired diesites
have been removed from carrier substrate 25. Therefore, in FIG. 12¢, diesites p -
have been removed and diesites d - @ remain to be removed in the disassembly order

denoted by the dashed arrow 4, that is d; €¢; b and @. The removing at the stage 111
can be accomplished by a variety of methods. For example, in FIG. 12d, if the layer 23
is made from a temperature sensitive material that, melts, softens, or the like when
heated, then the substrate 11, the carrier substrate 25, or the substrate 11 and the
carrier substrate 25 can be heated H to cause the layer 23 to lose its adhesive or other
connecting properties so that the RFID tag 10 at the diesite can be extracted from the
carrier substrate 25. One of ordinary skill in the art will appreciate that other methods
can be used to remove the RFID tags 10 and the present invention is not limited to the
aforementioned heating H. For example, a solvent can be applied to the layer 23 to

effectuate the removing at the stage 111.
In FIG. 12d, the removing at the stage 111 can include using a pick-and-place

machine 70 to remove the RFID tag 10 from the carrier substrate 25. For example, an

end effector 71 of the pick-and-place machine 70 can contact the surface 11s of the
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diesite and apply a vacuum to create suction and a force F can be used to pull the
diesite p off of the carrier substrate 25. The present invention is not to be construed as
being limited to the use of a pick-and-place machine to effectuate the removing at the
stage 111 and other processes for removing a diesite from the carrier substrate 25 can

be used. Regardless of the process used, it is important that the process not damage
the antenna 40, the RFID chip 21, or adjacent RFID chips 21 and their antenna 40.

In FIG. 14b and referring to FIG. 4b, after the removing at the stage 111, ata
stage 113, the RFID tag 10 can be attached to a host object 80. The RFID tag 10 and
the host object 80 can be urged U into contact with each other. A glue, an adhesive, or

the like, can be applied to a surface 80t of the host object and/or the surface 11b of the
RFID tag 10 to connect the RFID tag 10 and the host object 80 with each other.

The host object 80 can be any object it is desirable to attach the RFID tag 10 to
and includes but is not limited to an article of manufacture, a product, a piece of
luggage, a vehicle, a food article, an animal, a person, a negotiable instrument, and
currency. A pick-and-place machine can be used to attach the RFID tag 10 to the host
object 80. The pick-and-place machine can be the same pick-and-place machine 70

used to remove the RFID tag 10 from the carrier substrate 25.

in FIG. 14c, at a stage 115, the RFID tag 10 can be attached to a host object 80
as was described above, and then at a stage 117, the RFID tag 10 can be
encapsulated. Alternatively, at a stage 119, the RFID tag 10 can be encapsulated 85
prior to being attached to the host object at a stage 121. An encapsulating material 85

can be used to cover, conformally coat, protect, or otherwise electrically insulate the

antenna 40 and the RFID chip 21. Suitable encapsulating materials include but are not
limited to silicone rubber, polydimethylsiloxane (PDMS), a polymer, and Paralene™,
As an example, a PDMS material such as a DuPont® Sylgard™ can be used to form

a coating that encapsulates the RFID tag 10.
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Another advantage to the method described herein is that the antennas 40 need
not all be of the same size and shape. Accordingly, the connecting process at the
stage 107 can include connecting antennas 40 in the assembly order that vary in size,
shape, or size and shape among the diesites @ - P. It is important to ensure that the
antennas 40 properly overlap one another as described above and that the variations in
shape and/or éize among the antennas 40 will not lead to entanglement so that at the
stage 111, the RFID tags 10 can be removed in the disassembly order without damage

to the RFID chips 21 or their respective antennas 40.

Moreover, the method described herein is also amendable to conn’ecting an

antenna 40 that is slightly larger than the perimeter P1 would allow in those situations in
which the size of the antenna 40 must be larger than the prior on-chip antenna due to
the upper limit set by P1, but the performance parameters of the antenna 40 don't

require that it be substantially larger than the RFID chip 21.
Although several embodiments of the present invention have been disclosed

and illustrated, the invention is not limited to the specific forms or arrangements of parts

so described and illustrated. The invention is only limited by the claims.
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What is Claimed is:

1. A method of fabricating an antenna 40 on a substrate 11 including a plurality
of previously fabricated RFID chips 21, comprising:

connecting the substrate 11 with a carrier substrate 25;

singulating the substrate 11 to separate the plurality of RFID chips 21 into a
plurality of diesites (a - p);

cdnnecting in an assembly order, an antenna 40 with a selected RFID chip 21
to form a RFID tag 10; and

repeating as necessary, the connecting of another antenna 40 with another
RFID chip 21 in the assembly order with each successively connected antenna 40
overlapping a previously connected antenna 40.

2. The method as set forth in Claim 1 and further comprising:

removing each RFID tag 10 from the carrier substrate 25 in a disassembly

order.

3. The method as set forth in Claim 2, wherein the disassembly order is

opposite the assembly order.

4..~ The method as set forth in Claim 2, wherein the removing comprises heating
a selected one of the substrate 11, the carrier substrate 25, or the substrate 11 and
the carrier substrate 25 to effectuate the removing of each RFID tag 10 from the

carrier substrate 25.

5. The method as set forth in Claim 2, wherein the removing comprises using a
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pick—and—placé machine 70 to remove the RFID tag 10 from the carrier substrate 25.

6. The method as set forth in Claim 5 and further comprising:

using the pick-and-place machine 70 to attach the RFID tag 10
to a host object 80.

7. The method as set forth in Claim 2 and further comprising after the removing:
encapsulating the RFID tag 10.

8. The method as set forth in Claim 2 and further comprising after the removing:
attaching the RFID tag 10 with a host object 80.

9. The method as set forth in Claim 8 and further comprising after the attaching:
encapsulating the RFID tag 10.

10. The method as set forth in Claim 1, wherein the connecting the substrate 11

with the carrier substrate 25 comprises a selected one of adhesively connecting the

substrate 11 with the carrier substrate 25 or gluing the substrate 11 and the carrier

substrate 25 to each other.

11. The method as set forth in Claim 10, wherein the adhesively connecting

comprises connecting the substrate 11 with the carrier substrate 25 using a layer of

a double sided adhesive material 23.

12. The method as set forth in Claim 1, wherein the connecting the antenna 40
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comprises electrically connecting a first node 41 of the antenna 40 with a first node
31 of the RFID chip 21 and electrically connecting a second node 42 of the antenna
40 with a second node 32 of the RFID chip 21.

13. The method as set forth in Claim 12, wherein the connecting comprises using
a wire bonding machine to connect the first and second nodes (41, 42) of the
antenna 40 with the first and second nodes (31, 32) of the RFID chip 21.

14. The method as set forth in Claim 1, wherein the antenna 40 is a loop

antenna.

15. The method as set forth in Claim 1, wherein after the connecting, the antenna
40 is positioned entirely within a quadrant (Q1, Q2, Q3, Q4) defined by a diesite

corner (X, y).

16. The method as set forth in Claim 15, wherein the antenna 40 includes a first
portion positioned inside a perimeter P1 of the RFID chip 21 and opposite the
quadranf (@1, Q2, Q3, Q4) defined by the diesite corner (x, y) and a second portion
positioned outside the perimeter P1 of the RFID chip 21 the antenna 40 is

connected with, and the second portion includes an area Ay that is greater than an

area A4 of the RFID chip 21.
17. The method as set forth in Claim 1, wherein a selected one of a shape of the
antenna 40, a size of the antenna 40, or a shape of the antenna 40 and a size of the

antenna 40 varies among the diesites (a - p).

18. A RFID Tag 10 made according to the method as set forth in Claim 1.
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