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(57) ABSTRACT 

An electrical device and method of making same is provided 
wherein a chip or other electrical component is embedded in 
a substrate. The substrate may be a thermoplastic material 
capable of deforming around the chip and at least partially 
encasing the chip when heat and/or pressure is applied to the 
Substrate. Electromagnetic radiation Such a near infrared 
radiation can be used to heat the substrate. The substrate may 
include a compressible layer that can be compressed and/or 
crushed to form a recess into which the chip can be inserted. 
Once embedded, the chip or electrical component is secured 
by the substrate and may be coupled to another electrical 
component. A method of making an RFID transponder is also 
provided wherein an RFID chip is embedded in a substrate 
using heat and/or pressure, an antenna structure is applied to 
the substrate, and the RFID chip and antenna structure are 
coupled together. 
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ELECTRICAL DEVICE AND METHOD OF 
MANUFACTURINGELECTRICAL DEVICES 
USING FILM EMBOSSING TECHNIQUESTO 
EMBED INTEGRATED CIRCUITS INTO FILM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a division of U.S. application Ser. 
No. 1 1/314,988 filed Dec. 21, 2005, which is hereby incor 
porated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates generally to electrical 
devices and to the assembly of electrical devices. More par 
ticularly, the present invention relates to the assembly of radio 
frequency identification (RFID) interposers and/or devices. 
0004 2. Description of the Related Art 
0005 Pick and place techniques are often used to 
assemble electrical devices. Pick and place techniques typi 
cally involve complex robotic components and control sys 
tems that handle only one die at a time. Such techniques may 
utilize a manipulator, such as a robotic arm, to remove inte 
grated circuit (IC) chips, or dies, from a wafer of IC chips and 
place them on a chip carrier, a transport, or directly to a 
Substrate. If not directly mounted, the chips are Subsequently 
mounted onto a Substrate with other electrical components, 
Such as antennas, capacitors, resistors, and inductors to form 
an electrical device. 
0006. One type of electrical device that may be assembled 
using pick and place techniques is a radio frequency identi 
fication (RFID) transponder. RFID inlays, tags, and labels 
(collectively referred to herein as “transponders') are widely 
used to associate an object with an identification code. Inlays 
(or inlay transponders) are identification transponders that 
typically have a Substantially flat shape. The antenna for an 
inlay transponder may be in the form of a conductive trace 
deposited on a non-conductive Support. The antenna has a 
Suitable shape, such as a flat coil or other geometric shape. 
Leads for the antenna are also deposited, with nonconductive 
layers interposed as necessary. Memory and any control func 
tions are provided by a chip mounted on the Support and 
operatively connected through the leads to the antenna. An 
RFID inlay may bejoined or laminated to selected label or tag 
materials made of films, papers, laminations of films and 
papers, or other flexible sheet materials suitable for a particu 
lar end use. The resulting RFID label stock or RFID tag stock 
may then be overprinted with text and/or graphics, die-cut 
into specific shapes and sizes into rolls of continuous labels, 
or sheets of single or multiple labels, or rolls or sheets of tags. 
0007. In many RFID applications, it is desirable to reduce 
the size of the electrical components as Small as possible. In 
order to interconnect very small chips with antennas in RFID 
inlays, it is known to use a structure variously called “inter 
posers”, “straps', and “carriers' to facilitate inlay manufac 
ture. Interposers include conductive leads or pads that are 
electrically coupled to the contact pads of the chips for cou 
pling to the antennas. These pads generally provide a larger 
effective electrical contact area than ICs precisely aligned for 
direct placement without an interposer. The larger area 
reduces the accuracy required for placement of ICs during 
manufacture while still providing effective electrical connec 
tion. IC placement and mounting are serious limitations for 
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high-speed manufacture. The prior art discloses a variety of 
RFID interposer or strap structures, typically using a flexible 
Substrate that carries the interposer's contact pads or leads. 
0008. As noted above, RFID transponders include both 
integrated circuits and antennas for providing radio frequency 
identification functionality. Interposers, on the other hand, 
include the integrated circuits but must be coupled to anten 
nas in order to form complete RFID transponders. As used in 
the present patent application the term “device' refers both to 
an RFID transponder, and to an interposer that is intended to 
be incorporated in an RFID transponder. 
0009 RFID devices generally have a combination of 
antennas and analog and/or digital electronics, which may 
include for example communications electronics, data 
memory, and control logic. For example, RFID tags are used 
in conjunction with security-locks in cars, for access control 
to buildings, and for tracking inventory and parcels. Some 
examples of RFID tags and labels appear in U.S. Pat. Nos. 
6,107,920, 6,206,292, and 6,262,292, all of which are hereby 
incorporated by reference in their entireties. 
(0010. An RFID device may be affixed to an item whose 
presence is to be detected and/or monitored. The presence of 
an RFID device, and therefore the presence of the item to 
which the device is affixed, may be checked and monitored by 
devices known as “readers.” 
0011 Typically, RFID devices are produced by patterning, 
etching or printing a conductor on a dielectric layer and 
coupling the conductor to a chip. As mentioned, pick and 
place techniques are often used for positioning a chip on the 
patterned conductor. Alternatively, a web containing a plural 
ity of chips may be laminated to a web of printed conductor 
material. An example of Such a process is disclosed in com 
monly assigned U.S. patent application Ser. No. 10/805,938, 
filed on Mar. 22, 2004. 
0012. The chips may be coupled to the conductor by any of 
a variety of Suitable connecting materials and/or methods, 
Such as, for example, by use of a conductive or non-conduc 
tive adhesive, by use of thermoplastic bonding materials, by 
use of conductive inks, by use of welding and/or soldering, or 
by electroplating. Typically, the material used for mechani 
cally and/or electrically coupling the chip to the conductor 
requires heat and/or pressure to form a final interconnect—a 
process, in the case of adhesives, known as curing. Conven 
tional thermocompressive bonding methods typically use 
Some form of press for directing pressure and heat, via con 
duction or convection, to an RFID device assembly or web of 
RFID device assemblies. For example, pressure and heat may 
be applied by compressing the RFID device assembly or web 
of RFID device assemblies between a pair of heating plates, 
and relying on conduction through the various media, includ 
ing chip and antenna, to heat the connecting material. Alter 
natively, one of the heating plates may be equipped with pins 
for selectively applying pressure and/or heat to certain areas 
(e.g. only the chips), and again relying on conduction to heat 
the connecting material. Alternatively, and especially in the 
case of solder, an oven may be used wherein the whole assem 
bly is held at elevated temperature and via convection the 
solder reflows. In the latter case, pressure may not be applied 
to the device. 
0013 However, conventional RFID inlay or interposer 
manufacturing techniques using flip-chip assembly are gen 
erally unable to produce devices at a rate fast enough to satisfy 
demand. Considerable effort is required to accurately align 
the chips with the antenna structures often limiting the rate at 
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which devices may be produced. Further, conventional flip 
chip manufacturing methods produce a device of varying 
thickness by placing the chip atop a Substrate or other Surface. 
Thus, the sides of the chips are generally exposed, making the 
device more vulnerable to damage. An ideal RFID tag or label 
would be very thin and also have a substantially uniform 
thickness. One of the problems with conventional RFID inlay 
and interposer manufacturing techniques, as well as the RFID 
devices themselves, is that the chip thickness is greater than 
the Substrate thickness, frequently by a large factor. Placing 
the chip onto a film or web substrate creates a bump wherever 
the chip is located. Such a bump presents problems for print 
ing equipment that may Subsequently print text or graphics 
onto the label facestock. In the case of RFID labels or other 
devices that typically may be printed upon, the uneven Sur 
face of the device may interfere with the printing process 
causing distortion and/or printing errors. 
0014. Therefore, it is desirable to provide a high-speed 
method of manufacturing electrical devices wherein the fin 
ished device has a relatively flat profile. 
0015. From the foregoing it will be seen there is room for 
improvement of RFID transponders and manufacturing pro 
cesses relating thereto. 

SUMMARY OF THE INVENTION 

0016. According to one aspect of the present invention, a 
method is provided for embedding a chip in a substrate. The 
method includes heating the chip and pressing the chip into 
the substrate. In one embodiment, the chip, heated with ther 
mal radiation, is pressed into a thermoplastic Substrate. The 
heated chip heats the substrate in a localized region thereby 
softening the thermoplastic Substrate and allowing the chip to 
be embedded therein. 
0017. According to one aspect of the present invention, a 
method of making an electrical device is provided including 
the steps of placing a chip on a Substrate, heating the Sub 
strate, and embedding the chip into the substrate while the 
Substrate is at an elevated temperature. 
0018. According to another aspect of the present inven 

tion, a method of making an electrical device is provided 
including the steps of heating a chip, embedding the chip in 
a Substrate, and coupling the chip to an electrical component. 
0019. According to still another aspect of the invention, a 
method of making an RFID transponder is provided compris 
ing the steps of placing a chip having a bottom Surface and a 
top surface on a thermoplastic substrate with the bottom 
Surface of the chip contacting a top surface of the thermoplas 
tic Substrate, heating at least one of the thermoplastic Sub 
strate or chip with thermal radiation thereby elevating the 
temperature of the thermoplastic Substrate and consequently 
softening the thermoplastic Substrate, embedding the chip 
into the thermoplastic Substrate by applying pressure to the 
chip while the substrate is heated to the elevated temperature, 
and coupling the chip to an antenna structure. The coupling 
includes depositing the antenna structure with conductive ink 
onto the thermoplastic Substrate and connecting the antenna 
structure to the interposer leads of the RFID interposer. 
0020. In one embodiment of the invention, an RFID chip is 
placed on a Substrate with the contacts of the chip facing away 
from the substrate and the chip and/or the substrate is heated 
while applying pressure thereby embedding the chip into the 
Substrate. Heating or curing may be achieved in a variety of 
ways including applying electromagnetic radiation, for 
example infrared, near infrared, or ultraviolet radiation to the 
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chip and/or web. The chip contacts can be simultaneously 
coupled with an electrical element, for example conductive 
leads or an antenna structure which can be preformed on a 
second substrate which can be laminated to the first substrate. 
For example, the second substrate that includes the electrical 
element can be placed on the chip contacts such that the 
electrical element is facing away from the chip contacts. 
During the process of embedding and laminating, the chip 
contacts penetrate the second Substrate and contact the elec 
trical element. The second Substrate may be thermoplastic, 
compressible, or curable. The electrical element on the sec 
ond substrate can be formed by printing conductive ink. The 
application of electromagnetic radiation to the second Sub 
strate can further cure Such ink and enhance its conductivity. 
0021. According to yet another aspect of the present 
invention, a method of making an RFID transponder is pro 
vided comprising: providing a web material, the web material 
including a continuous conductive element and a compress 
ible substrate layer, forming a recess in the web material by 
compressing the compressible Substrate layer, whereinform 
ing the recess divides the conductive element thereby forming 
at least two antenna portions, placing a chip in the recess, and 
coupling the chip to the antenna portions. Forming the recess 
includes pressing together of the chip and web material and 
effects the placing and the coupling of the chip. 
0022. According to still another aspect of the invention, a 
method of making an RFID transponder is provided compris 
ing: providing a web material, the web material including a 
compressible Substrate layer and an antenna structure having 
a first antenna portion and a second antenna portion, forming 
a recess in the web material between the first and second 
antenna portions by compressing the compressible Substrate 
layer, placing a chip in the recess, and coupling the chip to the 
antenna portions of the antenna structure. The forming the 
recess includes pressing together of the chip and web material 
and the pressing effects the placing and the coupling of the 
chip. 
0023. In one embodiment, the chip can be used as a form 
ing tool that simultaneously forms a recess in the Substrate 
and embeds the chip in the recess, thereby eliminating the 
need for the additional steps of separately forming a recess in 
the Substrate and then aligning the chip with the recess prior 
to its insertion therein. 

0024. According to yet another aspect of the invention, an 
electrical device is provided comprising a chip and a Sub 
strate. The chip is embedded in the substrate and at least 
partially encased by the substrate. In one embodiment, the 
device includes an electrical element, Such as an antenna 
structure, on a planarizer layer. Bond pads on the chip extend 
through the planarizer layer and are electrically coupled to the 
antenna structure. The Substrate can be a thermoplastic mate 
rial. 

0025 To the accomplishment of the foregoing and related 
ends, the invention comprises the features hereinafter fully 
described and particularly pointed out in the claims. The 
following description and the annexed drawings set forth in 
detail certain illustrative embodiments of the invention. 
These embodiments are indicative, however, of but a few of 
the various ways in which the principles of the invention may 
be employed. Other objects, advantages, and novel features of 
the invention will become apparent from the following 
detailed description of the invention when considered in con 
junction with the drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0026. In the annexed drawings, which are not necessarily 
according to Scale, 
0027 FIG. 1 is a flowchart depicting a method of the 
present invention; 
0028 FIG. 2 is a side view of an electrical device of the 
present invention; 
0029 FIG. 3 is an oblique view of an electrical device of 
the present invention; 
0030 FIG. 4 is a side view of an electrical device in a 
device for applying thermocompression in accordance with 
the present invention; 
0031 FIG. 5A is a side view of an electrical device of the 
present invention; 
0032 FIG. 5B is a side view of an electrical device of the 
present invention; 
0033 FIG. 6 is an oblique view of a laminating device of 
the present invention; 
0034 FIG. 7A is a side view of a system of the present 
invention; 
0035 FIG. 7B is a side view of a system of the present 
invention; 
0.036 FIG. 8 is a side view of an electrical device in a 
device for applying thermocompression in accordance with 
the present invention of the present invention; 
0037 FIG. 9 is a side view of an electrical device in a 
device for applying thermocompression in accordance with 
the present invention of the present invention; 
0038 FIG. 10A is a side view of an electrical device in a 
device for applying thermocompression in accordance with 
the present invention of the present invention; 
0039 FIG. 10B is a graph of the relative NIR radiation 
absorption rates of various exemplary materials that may be 
used in the present invention; 
0040 FIG. 11 is a top view of a web substrate that may be 
used in accordance with a method of the present invention; 
0041 FIG. 12 is a top view of another web substrate that 
may be used in accordance with a method of the present 
invention; 
0.042 FIG. 13 is a cross-sectional view of the web sub 
strate of FIG. 11; 
0.043 FIG. 14 is a cross-sectional view of the web sub 
strate of FIG. 11 during embedding of a chip therein; 
0044 FIG. 15 is a cross-sectional view of the web sub 
strate of FIG. 12; 
004.5 FIG. 16 is a cross-sectional view of the web sub 
strate of FIG. 12 during embedding of a chip therein; 
0046 FIG. 17 is a side view of a device for embedding a 
chip in a substrate in accordance with a method of the present 
invention; 
0047 FIG. 18 is a side view of a device for embedding a 
chip in a substrate in accordance with a method of the present 
invention; 
0048 FIG. 19 is a cross-sectional view of the components 
of an electrical device in accordance with the present inven 
tion; 
0049 FIG. 20 is a cross-sectional view of an assembled 
electrical device formed with the components of FIG. 19: 
0050 FIG. 21 is a cross-sectional view of a substrate hav 
ing a chip embedded therein and a web having thereon 
antenna element portions; 
0051 FIG. 22 is a cross-sectional view of an assembled 
electrical device in accordance with the present invention 
formed with the substrate and web of FIG. 21; 
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0.052 FIG. 23 is a cross-sectional view of the components 
of an electrical device in accordance with the present inven 
tion; 
0053 FIG. 24 is a cross-sectional view of an assembled 
electrical device formed with the components of FIG. 23; 
0054 FIG. 25 is a top view of an electrical device in 
accordance with the present invention; and 
0055 FIG. 26 is a top view of the electrical device of FIG. 
25 with the chip electrically connected to antenna element 
portions. 

DETAILED DESCRIPTION 

0056. A method of manufacturing electrical devices is 
provided wherein a chip or other electrical component is 
embedded in a substrate. The substrate may be a thermoplas 
tic material capable of deforming around the chip when heat 
and/or pressure is applied to the Substrate. The Substrate may 
include a compressible layer that can be compressed to form 
a recess into which the chip can be inserted. Once embedded, 
the chip or electrical component is secured to the web and 
may be coupled to another electrical component. A method of 
manufacturing an RFID device is also provided wherein an 
RFID chip is embedded in a substrate using heat and/or pres 
Sure, an antenna structure is applied to the Substrate, and the 
RFID chip and antenna structure are coupled together. 
0057 Referring to FIG. 1, a method 5 of manufacturing 
electrical devices in web format will be described. It will be 
appreciated that the electrical devices may be devices other 
than RFID devices. Similarly, other electrical components 
besides antenna structures can be used in accordance with the 
present invention. However, because this method is well 
suited to the high-speed manufacture of RFID devices, it will 
be described in the context of an RFID device manufacturing 
process. 
0058. The method 5 shown in FIG. 1 begins in process step 
number 10, wherein a chip is placed on a web substrate. As 
will be appreciated, the chip can be part of an interposer 
structure, as described above. In process step 12, the chip is 
embedded into the web substrate by applying heat and/or 
pressure to the chip and/or to the web. Once the chip is 
suitably embedded in the web substrate, the chip and/or the 
web are cooled in process step 14. It will be appreciated that 
the step of cooling the chip and/or web can be achieved 
simply by ceasing to apply heat and/or pressure thereto. In 
process step 16, the chip is coupled to an antenna structure. As 
will be described in greater detail herein, the antenna struc 
ture may be applied or formed on the web before, during, or 
after the chip is embedded into the web. 
0059. The above process steps are now described in 
greater detail, with reference to an illustrative embodiment. 
Turning to FIGS. 2 and 3, a chip 20 is placed on a web 
substrate 32 having a backing 36. The chip 20 may include 
bumps 22 for coupling the chip 20 with an antenna or other 
electrical component. The chip 20, having a general rectan 
gular cross section, has a top Surface 24, a bottom Surface 25, 
and side surfaces 26a, 26b, 26c. 26d. In this figure, the bumps 
22 are on the top surface 24 of the chip 20 such that when the 
chip 20 is embedded in the web substrate 32 the bumps 22 
remain accessible for coupling to an electrical component. 
0060. In FIG. 4, a thermocompressive device 40 is posi 
tioned above the chip 20 and configured to compress the chip 
20 against the web 32 in the direction of the arrow A. The 
backing 36 may be rigid or semi-rigid to provide adequate 
support to the web substrate 32 during compression. The 
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thermocompressive device 40 includes a press for engaging 
the chip 20. In this embodiment, the thermocompressive 
device 40 may be any suitable thermocompressive device 
capable of applying heat and pressure. An example of a Suit 
able thermocompressive device is disclosed in commonly 
assigned U.S. patent application Ser. No. 10/872,235 filed on 
Jul.18, 2004. Conventional thermocompressive devices used 
for curing adhesives and/or solders also may be used. The 
thermal energy for heating the chip 20 and/or web substrate 
32 may be applied via conduction through the press 42 of the 
thermocompressive device 40. The thermocompressive 
device 40 may be configured to preheat the chip 20 and/or 
web substrate 32 to a predetermined temperature thereby 
ensuring that the web substrate 32 is adequately softened 
before applying pressure to the chip 20. Preheating the chip 
20 and/or web substrate 32 may prevent damage to the chip 20 
when the chip 20 is compressed against the web substrate 32. 
0061 An example of a conductive heating element that 
may be used to supply thermal energy is a Curie Point self 
regulating heating element. Such a heating element is dis 
closed in U.S. Pat. No. 5,182,427 and embodied in the Smart 
Heath technology currently manufactured by Metcal of 
Menlo Park, Calif. Such heating elements typically comprise 
a central copper core having a coating of a magnetized nickel 
metal alloy. A high frequency currentis induced in the heating 
element and, due to the skin effect, tends to flow in the nickel 
metal alloy coating. Joule heating in the relatively high elec 
trical resistance nickel metal alloy causes the coating tem 
perature to increase. Once the temperature of the nickel metal 
alloy coating reaches its characteristic Curie Point, current no 
longer flows in the nickel metal alloy coating and instead 
flows through the low resistance central copper core. The 
Curie Point temperature is essentially maintained at this 
point. Thus, when the high frequency current is Switched on, 
the heating element heats rapidly to the Curie Point tempera 
ture and then self-regulates at that temperature. Curie Point 
self-regulating heating elements are advantageous because 
they are Small, efficient, and temperature self-regulating, 
allowing a separate heating element to be assigned to each 
desired point of thermo-compression. It will be appreciated 
that otherheating elements, such as standard resistive heating 
elements, may also be used. 
0062) Returning to FIGS. 4 and5A, the web substrate 32 is 
heated by the thermocompressive device 40 and becomes 
increasingly pliable such that when the chip 20 is forced 
against the web substrate 32 by the thermocompressive 
device 40, the web substrate 32 deforms around the chip 20. 
The deformation of the web substrate 32 around the chip 20 is 
illustrated in FIG.5A. The chip 20 in FIG.5A is embedded in 
the web substrate 32 with the upper surface 24 of the chip 20 
substantially level (e.g., flush) with the web substrate 32. The 
sides 26a, 26b, 26c, 26d (not shown) of the chip 20 are 
essentially encased within the web substrate 32. Thus, the 
chip 20 profile is superimposed within the web substrate's 
profile, thereby creating a uniform profile and, hence, a Sub 
stantially flat structure. The bumps 22 on the chip 20 may 
extend slightly above the upper surface of the web substrate 
32 for enabling the chip 20 to be coupled with an antenna 
structure or other electrical component. The upper Surface 24 
of the chip 20 can be slightly engulfed by the web substrate 32 
thereby reducing the differential height between the bumps 
22 and the surface of the web substrate 32 to facilitate printing 
leads to the bumps 22. 
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0063 Typical chip thickness ranges from about 75 
microns (3 mils) to 150 microns (6 mils) or greater. Typical 
web substrates or films used in web processing can range 
from 40 microns (-1.5 mils) to 200 microns (8 mils) or even 
greater. Embedding the chip into the substrate reduces the 
overall thickness of a resulting RFID device and produces a 
relatively flat RFID device. Ideally, the web substrate will 
have a thickness that is equal or slightly greater than the chip 
thickness. Thus, the chip may be embedded in the web sub 
strate such that there is virtually no surface bump thereby 
producing an interposer or device with a flat profile. 
0064. Once the chip 20 is embedded in the web substrate 
32 the thermocompressive device 40 is disengaged from the 
chip 20 and the web substrate 32 is allowed to cool. As the 
web substrate 32 cools it becomes less pliable and contracts 
slightly thereby securing the chip 20 within the web substrate 
32. It will be appreciated that the chip 20 is now at least 
partially encased within the web substrate 32, secured 
mechanically within the web substrate by the web substrate 
32 itself. 

0065. The web substrate 32 may be a thermoplastic mate 
rial capable of softening upon application of heat to the mate 
rial and hardening upon cooling. Thus, the web substrate 32 
may be a plastic film, polymer film, or any other thermoplas 
tic material. The web substrate 32 may also be a thermoset 
material. In some applications, the web substrate 32 can be 
curable with ultraviolet light. 
0066. It will be appreciated that a plurality of chips 20 may 
be embedded in a web substrate 32 at predetermined intervals 
in one or more lanes. Alternatively, a plurality of chips 20 may 
be embedded in a sheet of substrate material at predetermined 
locations. Once the chips 20 are embedded in the web sub 
strate 32, the chips 20 may be coupled with antenna structures 
or other electrical components. The antenna structures or 
other electrical components may be transferred to the web or 
sheet substrate 32 or formed on the web or sheet substrate 32 
before, during, or after embedding the chips 20. Preformed 
antenna structures on or within the web substrate 32 can be 
provided such that when a chip 20 is embedded in the web 
substrate 32 it is electrically coupled (e.g., directly) to the 
antenna structure and mechanically coupled to the web Sub 
strate 32. Further, a chip 20 can be embedded within the web 
Substrate 32 adjacent to a preformed antenna structure, and 
electrically coupled to the antenna by a Subsequent process 
Such as printing conductive ink leads from the chip bumps to 
the antenna structure. 

0067. For example, in FIG.58 a chip 20 is embedded in a 
Substrate 32 having a backing 36 and preformed antenna 
elements 52. The backing 36, which can provide rigidity to 
the substrate 32, is typically not part of a finished device. 
However, in Some instances a device may include the backing 
36. The preformed antenna elements 52 are disposed adjacent 
to the bumps 22, or contacts, on the chip 20. It will be appre 
ciated that the chip 20 may be embedded in the web substrate 
32 in a position to be coupled with the preformed antenna 
elements 52. For example, coupling may be achieved by 
printing a conductive material to directly connect the antenna 
elements 52 with the bumps 22 on the chip 20. Further, the 
bumps 22 of the chip 20 may be embedded in the web sub 
strate 32 in a manner such that the bumps 22 are in direct 
contact with the antenna elements 52 (e.g., with the chip 20 in 
a bumps down orientation), thereby coupling the chip 20 to 
the antenna elements 52. 
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0068. In FIG. 6, a web substrate 32 having a plurality of 
embedded chips 20 is shown. In this figure, the chips 20 are 
embedded in the web substrate 32 in a single row or lane. The 
web substrate 32 with embedded chips 20 is being laminated 
to a substrate 50 carrying antenna structures 52. The chips 20 
and antenna structures 52 may be indexed and coupled with 
the antenna structures 52 in any Suitable manner. Typically, 
the pitch between the elements on the respective webs will be 
the same so that only an initial indexing is required. Once the 
web substrate 32 of chips 20 and the antenna structure sub 
strate 52 containing the antenna structures 52 are laminated, 
individual RFID devices may be singulated from the finished 
web 60. 

0069. It will be appreciated that other methods of forming 
an antenna structure are possible. For example, foil stamping, 
conductive ink printing, metal plating, metal sputtering or 
evaporation, or any other form of conductive patterning may 
be used to form an antenna or other electrical component on 
the web substrate 32. Electrical coupling of the contact 
points, or bumps 22 and the antenna structures 50 or other 
electrical components may be made by direct contact. Alter 
natively, conductive epoxy, isotropic conductive adhesive, 
anisotropic conductive adhesive, Solder, or any other Suitable 
means may be used to achieve the electrical coupling. The 
antenna structures 50 may be electrically coupled with the 
chips 20 at the time of formation. Alternatively, the antenna 
structures 50 may be formed or otherwise applied to the 
substrate 32 and coupled with the chips 20 at a subsequent 
time via conductive ink printing or other suitable process. 
0070 Turning now to FIG. 7A, a system 100 for making 
RFID devices according to the method 5 (FIG. 1) of the 
present invention will be described. A web substrate 32 hav 
ing an optional backing 34 enters the system 100 from the left 
and advances to the right. A chip placement device 110 places 
chips 20 onto the web substrate 32 at predetermined intervals 
using nozzles 112. After a chip 20 is placed on the web 
substrate 32, the chip 20 is embedded in the web substrate 32 
by a thermocompressive device 40. As a chip 20 enters the 
thermocompressive device 40, heat is applied to the chip 20 
and/or web substrate 32 thereby heating the web substrate 32. 
Once the web substrate 32 reaches a predetermined tempera 
ture, the press 42 of the thermocompressive device 40 forces 
the chip 20 into compressive engagement with the web sub 
strate 32. After a chip 20 progresses through the thermocom 
pressive device 40, the chip's top surface 24 is substantially 
flush with the web substrate 32. In this embodiment, the chip 
20 includes bumps 22 that protrude slightly above the surface 
of the web substrate 32. The web substrate 32 and embedded 
chips 20 next enter the laminating device 55 wherein a web of 
antenna structures 52 is indexed and laminated thereto. The 
RFID devices 62 on the web 60 may then be singulated from 
the web substrate 32. 

(0071. In FIG. 7B, another system 120 for making RFID 
devices according to the method 5 (FIG. 1) of the present 
invention is shown. The system 120 is similar to the system 
100 of FIG. 7A in every respect except that in this embodi 
ment, the chips 20 are embedded in the web substrate 32 as 
they pass between compression rollers 44 and 46. It will be 
appreciated that the web substrate 32 may be heated prior to 
entering the compression rollers 44 and 46. Alternatively, the 
compression rollers 44 and 46 may apply heat via conduction 
to the chip 20 and/or web substrate 32. As will be appreciated, 
methods can be used to apply pressure to embed the chips in 
the substrate. 

Aug. 20, 2009 

0072. In a variation of the embodiments described above, 
and as illustrated by the dashed outlines of FIGS. 7A and 7B, 
the antenna web 52 can be provided in the form of support 
web 53 to which the inner surfaces of a plurality of, e.g., die 
or laser-cut, antennas 50 are adhered by a releasable adhesive, 
and in which the outer surfaces of the lead- and body-portions 
of the antennas are respectively coated with uncured conduc 
tive and a non-conductive adhesives, such as described in 
U.S. Pat. No. 6,940,408 issued Sep. 6, 2005. In this alternative 
variation, the individual antennas are simultaneously peeled 
away from the support web and laminated to the web sub 
strate 32 by the laminating device 55, with the leads of the 
respective antennas in registration with and electrically 
coupled to the bumps 22 on respective ones of the chips 20, 
and with the de-populated antenna Support web then being 
wound onto a take-up spool (not shown). 
(0073 Turning now to FIGS. 8-10A, a method of the 
present invention using an infrared thermocompressive 
device for embedding a chip in a web substrate will be 
described. In FIG. 8, a compressive device 230 is configured 
to compress a chip 220 against a web substrate 222 having a 
backing 224. An infrared energy source 240 is configured to 
supply thermal energy to the web substrate 222 and/or the 
chip 220. It will be appreciated that the backing 224 may be 
relatively radiantly transparent compared to the web substrate 
222 so that the infrared radiation may pass through the back 
ing 224 and be absorbed by the web substrate 222, thereby 
heating the web substrate 222. However, the infrared radia 
tion also may be directed at a relatively radiantly absorptive 
backing 224 thereby heating the backing 224 and conse 
quently the web substrate 222 via conduction. It will also be 
appreciated that the web substrate 222 and the backing 224 
may be relatively radiantly transparent. In Such case the chip 
220 would be relatively radiantly absorptive such that the 
infrared radiation from the infrared energy source 240 heats 
the chip 220 which in turn heats the web substrate 222. 
0074. In FIG. 9, the infrared heat source 240 has been 
activated thereby heating the web Substrate 222 and causing 
the web substrate 222 to soften. The infrared thermocompres 
sive device 230 compresses the chip 220 against the web 
substrate 222 thereby embedding the chip 220 in the web 
substrate 222. In this figure, the chip 220 is partially embed 
ded in the web substrate 222. 

(0075 Turning now to FIG. 10A, the chip 220 is fully 
embedded in the web substrate 222. Once the chip 220 is fully 
embedded in the web substrate 222, the infrared thermocom 
pressive device 230 is disengaged from the chip 220, the 
infrared heat source 240 is deactivated, and the chip 220, web 
substrate 222, and backing 224 are allowed to cool. As the 
web substrate 222 cools it becomes less pliable and contracts 
slightly thereby securing the chip 220 in a partially encased 
manner within the web substrate 222. It will be appreciated 
that the chip 220 is now at least partially encased within the 
web substrate 222, secured mechanically within the web sub 
strate 222 by the web substrate 222 itself. 
0076. The use of electromagnetic radiation as the heat 
source in the methods of the present invention offers various 
advantages. Radiant energy heat transfer, in comparison with 
conductive and convective heat transfer, is capable of achiev 
ing significantly higher heat fluxes. Radiant energy can pro 
vide extremely rapid heating because of the high speed of 
light and the possibility of applying heat directly to the mate 
rial to be heated. Controlled radiant heating can achieve vari 
ous process advantages, such as reduction of the cooling 
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requirements of the system, and improved precision via coor 
dination between localized heat and pressure. 
0077. As stated, radiant heating may be applied directly to 
the material to be heated. The ability to precisely apply heat 
directly to areas to be heated is advantageous because less 
overall heat energy may be required as compared to conduc 
tive or convective heating methods. Further, because less 
overall heat energy is applied, once the embedding process is 
complete, the materials cool more rapidly allowing Subse 
quent processing of the web Substrate to begin more quickly. 
0078 Radiant energy heating may be combined with other 
modes of heat transfer, for example conductive heating, to 
achieve advantageous effects. As mentioned above, electro 
magnetic radiation heat transfer may be used to heat struc 
tures of the system (particularly the chips or backing mate 
rial), which in turn may transfer heat by conduction to the web 
Substrate. Thus, the electromagnetic radiation need not be 
applied directly to the material to be heated, but rather indi 
rectly via thermal conduction from an adjacent structure Such 
as a chip or backing. 
0079. As mentioned above, the radiant energy may pass 
through one or more a relatively radiantly-transparent mate 
rials before impinging upon and being absorbed by a rela 
tively radiantly-absorptive material. As used herein, a rela 
tively radiantly-transparent material (also referred to a 
“transparent material) refers to a material that is less absorp 
tive to the radiant energy than the relatively radiantly-absorp 
tive material (also referred to as an “absorptive material'). It 
will be appreciated that the relative transparency or absorp 
tion of a material is a function of the wavelength of the 
radiation. Additionally, each radiation source may have a 
unique power spectrum, which determines how much energy 
is emitted as a function of the wavelength of the radiation. 
Therefore, the radiant energy source may be chosen or 
adjusted in order to achieve the desired transmission or 
absorption effects of the materials. 
0080. For example, in FIG. 10B, a near infrared (NIR) 
black-body source that emits at 3200 K is compared to the 
relative absorption spectra of various exemplary materials 
that may be used in the present invention. The graph shown in 
FIG. 10B is for explanatory purposes and the materials shown 
are merely exemplary materials that may be used in accor 
dance with the present invention. The materials are in no way 
intended to limit the materials that may be used to practice the 
present invention. From the graph it can be seen that, over 
most of the wavelength spectrum, the exemplary materials 
that may be used in the system (clear silicone, polysulfone, 
PMMA (polymethyl methacrylate) absorb NIR radiation at a 
much lower rate than the polished silicon of which a chip may 
be comprised. The higher rate of absorption of NIR radiation 
by the polished silicon material allows the chips to be rapidly 
heated by NIR radiation while the substrate material remains 
relatively cool. It will be appreciated that many polymers, 
such as PEEK (polyetheretherketone) or PEN (polyethyl 
enenaphthalate), are available for use as the flexible platen 
material as most polymers are generally NIR transparent. 
Suitable electromagnetic radiation energy may be utilized for 
heating in this embodiment by using relatively-radiantly 
transparent material for the backing and relatively-radiantly 
absorptive materials for the web substrate and/or chip. For 
example, by exposing a relatively-radiantly-absorptive chip, 
positioned on the thermoplastic web Substrate, to near infra 
red (NIR) thermal radiation, the chip is heated which thereby 
may heat the web substrate to sufficiently soften the web 
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substrate such that the chip may be embedded therein. Other 
wavelengths of electromagnetic radiation may also be uti 
lized with other materials in this embodiment. For example, 
ultraviolet (UV) or microwave energy may be suitable forms 
of energy for Some applications. In general, the form of elec 
tromagnetic radiation used will be dictated by the absorptive 
or non-absorptive properties absorption spectra of the com 
ponent materials of the devices with respect to a particular 
form of electromagnetic radiation. 
I0081. One line of suitable commercially available high 
energy NIR systems is supplied by AdPhos AG, Bruckmuhl 
Heufeld, Germany (AdPhos). AdPhos infrared heating sys 
tems provide durable, high energy heating systems; and an 
AdPhoS lamp nearly acts as a blackbody emitter operating at 
about 3200 K. Other radiant heaters and emitters that provide 
Suitable thermal energy are available from various major 
lamp manufacturers (including Phillips, Ushio, General Elec 
tric, Sylvania, and Glenro). For example, these manufacturers 
produce emitters for epitaxial reactors used by the semicon 
ductor industry. All of these emitters have temperatures over 
3000 K. More broadly, however, suitable NIR sources may be 
emitters with temperatures over about 2000 K. An advantage 
of the AdPhoS system is that whereas most such high energy 
NIR lamps have a rated life of less than 2000 hours, the 
AdPhos NIR systems are designed for 4000 to 5000 hours of 
service life. The radiant energy emissions of the AdPhos NIR 
lamps have most of their energy in a wavelength range of 
between 0.4 to 2 microns with the peak energy delivered 
around 800 nm, which is shifted to a lower wavelength than 
short-wave and medium-wave infrared sources, providing a 
higher energy output and other advantages in absorption of 
the electromagnetic radiation. 
I0082 Turning now to FIGS. 11-18, another method of 
manufacturing electrical devices in accordance with the 
present invention will be described. It will be appreciated 
that, although shown and described in the context of a single 
device in FIGS. 11-16, the method is well suited for use in 
reel-to-reel operations for processing webs of substrate mate 
rial to form multiple devices. In FIGS. 11-14, a substrate 304 
includes an optional antenna substrate layer 308 having 
thereon an antenna element 312 formed or deposited by any 
Suitable process (e.g., patterning, etching, conductive ink 
printing etc.). The exemplary antenna element 312 shown is a 
simple dipole structure having first and second pole portions 
314 and 316 on opposite sides of a chip attach region 318. 
Other antenna structures including a single, continuous 
antenna can be provided. In the illustrated embodiments, the 
antenna element 312 is discontinuous between the two pole 
portions 314 and 316 in the chip attach region 318, bifurcated 
in conventional fashion to define a pair offixed antenna leads 
to which a chip, or alternatively an interposer, can be attached. 
In the embodiment of FIG. 11, the antenna element 312 
includes a tapered-down neck portion 322 in the chip-attach 
region 318, as shown, wherein the neck 322 has a width equal 
to or smaller than the width of a chip to be attached thereto. In 
the embodiment of FIG. 12, the necked-down conductor con 
figuration is disposed on the interposer 323, and the antenna 
lead portions 314 and 316 are terminated in broader, blunt 
ends that are spaced further apart than in the embodiment of 
FIG 11. 

I0083) Of importance, the substrate 304 further includes a 
compressible substrate layer 326 to which the antenna sub 
strate 308 is attached. The compressible substrate layer 326 
can be chosen from a wide variety of materials. One such 
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material is an open-celled polymeric foam material. The den 
sity, thickness, flexibility, etc. of such a foam can be readily 
process-controlled to thereby achieve suitable foam proper 
ties such as flexibility in at least two axes, a high compress 
ibility ratio with the application of reasonable levels of pres 
Sure and/or heat, and little or no spring-back, or resiliency, 
after compression. Crushable materials may also be used. A 
crushable material is generally considered to be permanently 
deformed upon the application of sufficient pressure. A crush 
able material, once crushed, generally remains crushed and 
therefore does not tend to return to its original form (e.g., 
unlike Some compressible materials such as a resilient foam, 
which will tend to return to its original form upon removal of 
pressure). A wide variety of other materials may be used for 
the compressible substrate layer 326 including certain types 
of pulped paper containing entrapped pockets of air. 
0084 As those of skill in the art will appreciate, depending 
on the particular application at hand, there may be additional 
performance advantages with the use of a compressible Sub 
strate 326 material comprising a foamed polymer, Such as an 
open-celled foamed polyurethane or polyethylene material. 
The cells of such structures are filled with air, which has a 
lower dielectric constant than typical Solid polymeric Sub 
strate materials of equivalent thickness, and this property may 
be used to advantage in providing RFID devices having self 
compensating antennas, for example as discussed in co-pend 
ing U.S. patent application Ser. No. 10/700,596, filed Nov. 3, 
2005. 

I0085 FIGS. 13-16 illustrate two alternative exemplary 
embodiments of a method of forming an RFID inlay using the 
exemplary compressible substrates 304 of FIGS. 11 and 12 in 
which an RFID transponder chip.364 is used as a forming tool 
whereby it is pressed into the substrate 304 to form a recess 
344 and is thereby also embedded in the formed recess 344 at 
the same time. This process eliminates the need for the addi 
tional steps of separately forming a recess 344 in the Substrate 
304 and then precisely aligning the chip 364 with the recess 
prior to its insertion therein, and results in an RFID device 
having Substantially planar upper and lower Surfaces. The 
embedding operation can be performed by a thermocompres 
sive device such as the NIR thermocompressive device 
described above, or in an appropriate case, by a simple cal 
endaring operation, as illustrated in FIGS. 17 and 18, respec 
tively, and described further herein. An advantage of either 
embodiment is that the chip 364, or interposer323, as respec 
tively illustrated in FIGS. 13-14 and 15-16, can be electrically 
coupled to the leads of the antenna before, during, as well as 
after the embedding process. 
I0086. It will be appreciated that, in either embodiment, the 
recess 344 can be formed by the chip. 364 through the appli 
cation thereto of pressure, heat, or pressure and heat together 
Such as by thermocompressive device described previously. 
AS Such electromagnetic radiation may be applied to the 
substrate to facilitate formation of the recess 344. 

0087. The inlay structures resulting from the compression 
or crushing operation are illustrated in FIGS. 14 and 16, 
respectively. It may be appreciated that, in the flip-chip 
embodiment of FIG. 14, each of the antenna leads on either 
side of the recess 344 now each include two generally 90° 
bends. Accordingly, it will be appreciated that the material of 
the antenna element 312 should exhibit sufficient ductility to 
permit such deformation without cracking or breaking. As 
will be evident from FIG. 16, the risk of cracking or breaking 
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of an antenna lead through Such deformation is Substantially 
reduced in the interposer embodiment. 
I0088. In FIG. 14, a chip 364, which can be an RFID 
transponder chip, is shown mounted in the recess 344 and 
electrically coupled to the antenna leads 348 and 352 in a 
flip-chip mounting configuration. Electrical coupling of the 
chip. 364 to the antenna leads 348 and 352 can be effected 
through one or more of several conventional mechanisms. By 
way of example, the chip 364 can be coupled to the antenna 
leads 348 and 352 via conventional soldering, or conventional 
ICP, ACP or NCP adhesive-based coupling can also be used. 
By way of further example, a staking (or crimping) operation 
(not illustrated) can be employed to couple the chip 364 to the 
antenna leads 348 and 352 wherein an appropriate elongated 
conductive structure, Such as a chip bump (e.g., a stud bump) 
is formed on or attached to respective chip connection pads 
and forced into or even through the antenna leads 348 and 352 
either before or during chip installation in Such a way as to be 
captivated, or tightly gripped by, the compressed substrate 
material 304 (e.g., polymeric) located below the respective 
antenna portions 348 and 352. A purely mechanical, direct, or 
ohmic pressure contact can also be used to couple the chip 
364 to the antenna leads 348 and 352, provided that the 
quality of the electrical contact can be maintained for the life 
of the RFID device. Such mechanical connection can be 
effected through pressure between the chip 364 and/or con 
nectors and the antenna leads 348 and 352. Such a connection 
has the advantage of eliminating the need for any of the above 
coupling processes, but alternatively may necessitate the pro 
vision of non-oxidizing (e.g., a plating of a noble metal) 
contact Surfaces on both the chip contacts and the antenna 
leads. 
I0089. It will be appreciated that the antenna substrate 308 
is optional but may be desirable for some applications. By 
way of example, it may be desirable for manufacturing rea 
Sons to fabricate the antenna structure separately from the 
substrate 304, and then assemble the substrate 304 by bring 
ing together the antenna layer 308 and the compressible layer 
326 to thereby form the substrate 304 in a later step. In 
addition, the antenna substrate 308 may be desirable in appli 
cations where the surface of the compressible substrate mate 
rial does not provide an ideal Surface upon which an antenna 
element can be directly formed or deposited in a practical 
a. 

0090. It should be appreciated that the substrate 304 can 
include other layers in addition to the layers shown. Further, 
in some applications the antenna substrate 308 can be omitted 
and the antenna element 312 can be provided directly on the 
surface of the compressible substrate layer 326. By way of 
example, certain open-cell foamed materials (e.g., thermo 
formable polyurethane (“TPU) foam) can be confected in a 
sheet form having a thin, non-porous “skin' formed on one or 
both sides thereof, and depending on the compatibility of the 
material and the particular processes selected for making the 
antenna, it is possible to form the antenna structure directly on 
the surface of the compressible substrate itself, thereby elimi 
nating the need for a separate antenna Substrate. 
(0091. While the exemplary illustrated embodiment 
includes a dipole antenna arrangement connected to a chip 
with pads disposed at opposite sides thereof, a wide variety of 
antenna and/or chip-pad configurations can also be used in 
accordance with the invention. 

0092 Turning to FIGS. 17 and 18, an exemplary device for 
embedding the chips 364 in the substrate 304 is shown. The 
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device 369 includes upper and lowers rollers 370 and 372 
between which the substrate 304 and chip 364 pass. The upper 
and lower rollers 370 and 372 compress the chip 364 thereby 
embedding it into the compressible substrate 304, as shown. 
As will be appreciated, heat can be applied to the substrate 
304 either directly or indirectly to soften the substrate 304 as 
desired. 
0093 Turning to FIGS. 19-26, and initially to FIGS. 19 
and 20, additional embodiments in accordance with the 
invention will be described. In these embodiments, it will be 
appreciated that the chip. 364 can be embedded in the sub 
strate 304 in accordance with the previously described meth 
ods. As such, the chip 364 can be embedded in a thermoplastic 
substrate 304 using thermocompression, or the chip 364 can 
be inserted into a chip recess formed by compressing, crush 
ing or punching the web substrate 304, for example. 
0094. In the embodiment depicted in FIGS. 19 and 20, an 
RFID device is formed by embedding the chip. 364 having 
bond pads 384 (e.g., bumps) in a substrate 304 and coupling 
the chip to antenna element portions 348 and 352 on an upper 
surface of a planarizer layer 380. In the illustrated embodi 
ment, the bond pads 384 are facing away from the substrate 
304 (e.g., a bumps up orientation). In general, thermocom 
pression can be applied to the assembly (the substrate 304, 
chip. 364, and planarizer layer380) to embed the chip. 364 and 
electrically couple the chip. 364 to the antenna element por 
tions 348 and 352. 
0095. With reference to FIG.20, it will be appreciated that 
when thermocompression is applied, the chip 364 is embed 
ded in the substrate 304 with bond pads 384 on the chip. 364 
penetrating the planarizer layer 380 to make contact with the 
antenna element portions 348 and 352 on the upper surface of 
the planarizer layer 380. It will be appreciated that the ther 
mocompressive devices described herein can be used to apply 
thermocompression to assemble the device, as desired. Thus, 
the planarizer layer 380 can be a thermoplastic material that 
softens when heated to facilitate penetration by the bond 
pads. The bond pads can be shaped to enhance penetration of 
the planarizer layer 380. For example, the bond pads can be 
elongated and/or have pointed ends (e.g., stud bumps) to 
assist in penetration of the planarizer layer 380. 
0096. The planarizer layer 380 generally provides a planar 
upper Surface of the resulting electrical device and can also 
serve to protect the chip 364 by sealing or otherwise covering 
the surface of the chip. 364. The planarizer layer 380 also 
electrically insulates the chip. 364 from antenna element por 
tions 348 and 352 on the planarizer layer 380. 
0097. As an alternative to embedding the chip. 364 in the 
substrate 304, a recess can beformed in the substrate 304 into 
which the chip 364 can be inserted and subsequently coupled 
to the antenna element portions 348 and 352 during lamina 
tion with the planarizer layer 380. 
0098 Turning to FIGS. 21 and 22, another embodiment in 
accordance with the present invention will be described. In 
this embodiment, a chip. 364 is provided embedded in a web 
substrate 304. The chip 364 may be embedded in the substrate 
304 in any suitable manner, including the methods set forth 
previously. A web 388 is provided having antenna element 
portions 348 and 352 formed thereon. The web 388 is lami 
nated with the substrate 304 such that the chip. 364 is con 
nected to the antenna element portions 348 and 352 formed 
thereon. An adhesive 392 is used to secure the web 388 to the 
substrate 304. The adhesive 392 can serve as a planarizer 
layer to form a flat profile of the resulting RFID device. The 
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planarizer layer can insulate the circuits on the chip 364 and 
can reduce the registration tolerance required between the 
chip bumps or contacts 384 and the antenna element portions 
348 and 352. 

(0099. In FIGS. 23 and 24, yet another embodiment in 
accordance with the present invention is shown wherein an 
RFID device is formed by embedding a chip. 364 into sub 
strate 304 and coupling the chip to antenna element portions 
348 and 352 on a web 388. The web 388 can be any suitable 
material such as PET. In the illustrated embodiment, the bond 
pads 384 are facing away from the substrate 304 (e.g., a 
bumps up orientation). A thermoplastic planarizer layer 380 
is provided between the chip 364 and the web 388. The 
planarizer layer 380 can be a urethane film, such as Label 
Film T-161 available from Worthen Coated Fabrics of Grand 
Rapids, Mich. The film may have any suitable thickness, for 
example, 1.5 mils nominal thickness. The film, when heated, 
acts like a hot melt adhesive to secure the web 388 to the chip 
364 and/or the substrate 304. In some instances, the pla 
narizer layer 380 can be preheated until tacky for receiving 
and holding a chip during assembly of the device. In general, 
thermocompression, in accordance with the methods previ 
ously described, can be applied to the assembly comprising 
the substrate 304, chip. 364, and planarizer layer 380 to embed 
the chip 364 and electrically couple the chip. 364 to the 
antenna element portions 348 and 352. It will be appreciated 
that the bond pads 384 penetrate the planarizer layer 380 and 
thereby forman electrical connection with respective antenna 
element portions 348 and 352. 
0100 Turning to FIGS. 25 and 26, yet another embodi 
ment in accordance with the presence invention will be 
described. In this embodiment, a chip 364 is embedded into a 
web substrate 304 having antenna element portions 348 and 
352 formed thereon. The chip 364 can be embedded in the 
substrate 304 in accordance with the methods previously set 
forth. Once embedded in the substrate 304, the chip 364 can 
be coupled to the antenna element portions 348 and 352 by 
printing conductive ink or otherwise forming conductive 
leads 398 to connect the chip. 364 and the respective antenna 
element portions 348 and 352. 
0101 The methods and devices as described herein allow 
assembly of devices with less Stringent precision in the align 
ment of the components due to the simultaneous planariza 
tion and connection of the chip. Further, because the bond 
pads 384 connect directly to the electrical elements when the 
assemblies are compressed, the invention eliminates the need 
to drill or otherwise form vias for depositing conductive 
material to connect the chips to electrical elements such as 
antennas. 

0102. It will further be appreciated that other methods of 
localized heating of the Substrate can be used in accordance 
with the present invention. For example, ultrasonic heating 
can be used without departing from the scope of the invention. 
In addition, thermosetting or other types of curing Such as 
with UV radiation can be used. 

0103) Certain modifications and improvements will occur 
to those skilled in the art upon a reading of the foregoing 
description. It should be understood that the present invention 
is not limited to any particular type of electrical device. For 
the purposes of this application, couple, coupled, or coupling 
are broadly intended to be construed to include both direct 
electrical and reactive electrical coupling. Reactive coupling 
is broadly intended to include both capacitive and inductive 
coupling. One of ordinary skill in the art will recognize that 
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there are different manners in which these elements can 
accomplish the present invention. The present invention is 
intended to cover what is claimed and any equivalents. The 
specific embodiments used herein are to aid in the under 
standing of the present invention, and should not be used to 
limit the scope of the invention in a manner narrower than the 
claims and their equivalents. 
0104. Although the invention has been shown and 
described with respect to a certain embodiment or embodi 
ments, it is obvious that equivalent alterations and modifica 
tions will occur to others skilled in the art upon the reading 
and understanding of this specification and the annexed draw 
ings. In particular regard to the various functions performed 
by the above described elements (components, assemblies, 
devices, compositions, etc.), the terms (including a reference 
to a “means') used to describe such elements are intended to 
correspond, unless otherwise indicated, to any element which 
performs the specified function of the described element (i.e., 
that is functionally equivalent), even though not structurally 
equivalent to the disclosed structure which performs the func 
tion in the herein illustrated exemplary embodiment or 
embodiments of the invention. In addition, while a particular 
feature of the invention may have been described above with 
respect to only one or more of several illustrated embodi 
ments, such feature may be combined with one or more other 
features of the other embodiments, as may be desired and 
advantageous for any given or particular application. 

What is claimed is: 
1. A method of making an electrical device comprising: 
heating a chip; 
embedding the chip in a Substrate; and 
coupling the chip to an electrical component. 
2. A method as set forth in claim 1, wherein the embedding 

the chip in the Substrate includes heating, with the chip, a 
region of the substrate in which the chip is to be embedded. 

3. A method as set forth in claim 2, wherein the heating 
includes conductive heating. 

4. A method as set forth in claim 1, further comprising 
laminating a planarizer layer to at least one of the chip or 
Substrate, the planarizer layer including the electrical com 
ponent. 

5. A method as set forth in claim 4, wherein the laminating 
includes pressing together of the planarizer layer and at least 
one of the chip or the Substrate; and wherein the pressing 
effects the embedding and the coupling. 

6. A method as set forth in claim 1, wherein the chip is part 
ofan RFID interposer that includes interposer leads attached 
to an RFID chip. 

7. A method as set forth in claim 1, wherein the substrate is 
a thermoplastic material. 

8. A method as set forth in claim 1, wherein the heating the 
chip includes applying electromagnetic radiation to the chip. 

9. A method as set forth in claim 8, wherein the applying 
electromagnetic radiation includes applying thermal radia 
tion. 

10. A method as set forth in claim 9, wherein the applying 
electromagnetic radiation includes applying near infrared 
radiation 

11. A method as set forth in claim 1, wherein the embed 
ding includes pressing the chip into the Substrate with rollers. 

12. A method as set forth in claim 1, wherein the embed 
ding includes pressing the chip into the Substrate with a press. 
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13. A method as set forth in claim 1, wherein the coupling 
the chip to an electrical component includes coupling the chip 
to an antenna Structure. 

14. A method as set forth in claim 1, wherein the coupling 
includes laminating a web that includes the electrical com 
ponent to the Substrate. 

15. A method as set forth in claim 1, further comprising 
providing a planarizer layer between the chip and the web, 
wherein the planarizer layer is an adhesive. 

16. A method as set forth in claim 1, wherein the coupling 
includes printing a conductive material onto the Substrate. 

17. A method as set forth in claim 1, wherein the coupling 
includes coupling the chip to an antenna structure preformed 
on the substrate. 

18. The device formed by the method of claim 1. 
19. A method of making an RFID transponder comprising: 
placing a chip having a bottom surface and a top surface on 

a thermoplastic substrate with the bottom surface of the 
chip contacting a top Surface of the thermoplastic Sub 
Strate; 

heating at least one of the thermoplastic Substrate or chip 
with thermal radiation thereby elevating the temperature 
of the thermoplastic Substrate and consequently soften 
ing the thermoplastic Substrate; 

embedding the chip into the thermoplastic substrate by 
applying pressure to the chip while the Substrate is 
heated to the elevated temperature; and 

coupling the chip to an antenna structure, wherein the 
coupling includes: 
depositing the antenna structure with conductive ink 

onto the thermoplastic Substrate; and 
connecting the antenna structure to the interposer leads 

of the RFID interposer. 
20. The device formed by the method of claim 19. 
21. A method of making an RFID transponder comprising: 
providing a web material, the web material including a 

continuous conductive element and a compressible Sub 
strate layer, 

forming a recess in the web material by compressing the 
compressible Substrate layer, wherein forming the 
recess divides the conductive element thereby forming 
at least two antenna portions; 

placing a chip in the recess; and 
coupling the chip to the antenna portions, 
wherein the forming the recess includes pressing together 

of the chip and web material, and 
wherein the pressing effects the placing and the coupling. 
22. A method as set forth in claim 21, wherein the com 

pressible Substrate layer is a foam material. 
23. A method as set forth in claim 21, wherein the com 

pressible substrate layer is crushable. 
24. A method of making an RFID transponder comprising: 
providing a web material, the web material including a 

compressible Substrate layer and an antenna structure 
having a first antenna portion and a second antenna 
portion; 

forming a recess in the web material between the first and 
second antenna portions by compressing the compress 
ible substrate layer; 

placing a chip in the recess; and 
coupling the chip antenna portions of the antenna structure; 
wherein the forming the recess includes pressing together 

of the chip and web material, and 
wherein the pressing effects the placing and the coupling. 
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25. A method as set forth in claim 24, wherein the com- 28. A device as set forth in claim 27, further comprising an 
pressible Substrate layer is a foam material. electrical component coupled to bond pads on the chip. 

29. A device as set forth in claim 28, wherein the electrical 
component is an antenna structure provided on a planarizer 
layer, and wherein the bond pads extend through the pla 

27. An electrical device comprising: narizer layer and are coupled to the antenna structure. 
a chip; and 30. A device as set forth in claim 28, wherein the bond pads 

are stud bumps. 
31. A device as set forth in claim 27, wherein the substrate 

is a thermoplastic Substrate. 

26. A method as set forth in claim 24, wherein the com 
pressible substrate layer is crushable. 

a Substrate; 
wherein the chip is embedded in the substrate; and 
wherein the chip is at least partially encased by the sub 

Strate. ck 


