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57 ABSTRACT

Methods and apparatuses for an electronic assembly. The
method comprises depositing a functional block into a
recessed region, forming dielectric layer selectively over at
least one of a selected portion of the functional block and a
selected portion of the first substrate; and forming one or
more electrical interconnections to the functional block. The
recessed region is formed on a first substrate. The depositing
of the functional block occurs on a continuous web line and
using a Fluidic Self Assembly process. The functional block
has a width-depth aspect ratio that substantially matches a
width-depth aspect ratio of said recessed region which is one
of'equal to or less than 10.5:1, and equal to or less than 7.5:1.
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STRAP ASSEMBLY COMPRISING
FUNCTIONAL BLOCK DEPOSITED
THEREIN AND METHOD OF MAKING SAME

RELATED APPLICATIONS

[0001] This application is a divisional of co-pending U.S.
patent application Ser. No. 11/159,550, filed on Jun. 22, 2005,
which is also related to and claims the benefit of U.S. Provi-
sional Patent Application No. 60/626,241 filed Nov. 8, 2004,
which is hereby incorporated by reference in its entirety. This
application is also related to co-pending U.S. patent applica-
tion Ser. Nos. 11/159,526 and 11/159,574 filed on the same
day with this application, Jun. 22, 2005, which have attorney
docket numbers 03424.P075 and 03424.P076 and which are
hereby incorporated by reference in their entireties.

FIELD

[0002] The presentinventionrelates generally to the field of
fabricating electronic devices with small functional elements
deposited in a substrate.

BACKGROUND

[0003] There are many examples of functional blocks or
components that can provide, produce, or detect electromag-
netic or electronic signals or other characteristics. The func-
tional blocks are typically objects, microstructures, or micro-
elements with integrated circuits built therein or thereon.
These functional blocks have many applications and uses.
The functional components can be used as an array of display
drivers in a display where many pixels or sub-pixels are
formed with an array of electronic elements. For example, an
active matrix liquid crystal display includes an array of many
pixels or sub-pixels which are fabricated using amorphous
silicon or polysilicon circuit elements. Additionally, a bill-
board display or a signage display such as store displays and
airport signs are also among the many electronic devices
employing these functional components.

[0004] Functional components have also been used to make
other electronic devices. One example of such use is that of a
radio frequency (RF) identification tag (RFID tag) which
contains a functional block or several blocks each having a
necessary circuit element. Information is recorded into these
blocks, which is then transferred to a base station. Typically,
this is accomplished as the RFID tag, in response to a coded
RF signal received from the base station, functions to cause
the RFID tag to reflect the incident RF carrier back to the base
station thereby transferring the information. Such RFID tags
are being incorporated into many commercial items for uses
such as tracking and authenticating the items.

[0005] The functional components may also be incorpo-
rated into substrates to make displays such as flat panel dis-
plays, liquid crystal displays (LCDs), active matrix L.CDs,
and passive matrix LCDs. Making [.CDs has become increas-
ingly difficult because it is challenging to produce LCDs with
high yields. Furthermore, the packaging of driver circuits has
become increasingly difficult as the resolution of the LCD
increases. The packaged driver elements are also relatively
large and occupy valuable space in a product, which results in
larger and heavier products.

[0006] Demand for functional components has expanded
dramatically. Clearly, the functional components have been
applied to make many electronic devices, for instance, the
making of microprocessors, memories, power transistors,
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super capacitors, displays, x-ray detector panels, solar cell
arrays, memory arrays, long wavelength detector arrays,
phased array antennas, RFID tags, chemical sensors, electro-
magnetic radiation sensors, thermal sensors, pressure sen-
sors, or the like. The growth for the use of functional compo-
nents, however, has been inhibited by the high cost of
assembling the functional components into substrates and
fabricating final devices or end products that incorporate the
functional components.

[0007] Often the assembling of these components requires
complex and multiple processes thereby causing the price of
the end product to be expensive. Furthermore, the manufac-
turing of these components is costly under the current method
because of inefficient and wasteful uses of the technologies
and the materials used to make these products.

[0008] Many aspects such as substrates’ materials, charac-
teristics, dimensions, and/or functional blocks’ dimensions
and characteristics, and the like, impact the efficiency and
cost of assembling the functional components into substrates.
Accurate dimension and parameter control of these aspects
are crucial for efficiency while reducing cost for assembling
electronic devices containing functional blocks deposited
therein.

SUMMARY

[0009] Embodiments of the present invention provide
methods that can lead to efficient fabrications of an electronic
assembly that incorporates a functional component or block.
[0010] In one aspect of the invention, a strap assembly is
fabricated. One or more recessed receptor sites (regions) are
formed into a strap substrate. One or more functional or
integrated circuit blocks are deposited into the recessed
receptor sites, for example, using a Fluidic Self-Assembly
(FSA) process. Electrical interconnections are created to
enable connection to the functional blocks. After the func-
tional blocks are deposited into the respective receptor sites in
the strap substrate and the necessary interconnections
formed, the strap assembly is then attached to another sub-
strate, which may comprise a set of patterned or printed
conductor (e.g., elements or parts of an antenna for an RFID
device).

[0011] To form the electrical interconnections, in one
embodiment, alocal printing method coupled with a guidance
system is used to increase the resolution of the interconnec-
tions. A print head is used for the local printing method. One
or more electrical contacts to the functional blocks can be
made using this local printing method. The guidance system
can be an optical system that recognizes features on the strap
substrate to provide alignment of a print head. An electrical,
magnetic, or mechanical mechanism can also be used to
provide improved alignment as well. The local printing
method includes thermal jet printing, piezoelectric jet print-
ing, acoustic jet printing, extrusion of a material (stencil
printing), or other printing methods. It should be recognized
that it is possible to group multiple local printing methods
with multiple print heads, with each print head depositing a
printed material, so that more than one region of a substrate
can be printed on at the same time.

[0012] In another aspect of the invention, the guidance
system is used to improve the registration of the printing of
the interconnections of the strap substrate. In another aspect
of'the invention, a combination oflocal printing, laser cutting,
and a guidance system are used to repair bad circuit elements
in the strap substrate.
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[0013] In another aspect, a testing method, which could
comprise an optical, electrical, or mechanical means, is used
to determine areas of the strap substrate in which a portion of
the functional blocks are known to be, or suspected to be,
faulty. A laser can be used to cut, deplete, or otherwise render
the damaged area ready for a subsequent printing or deposi-
tion step, including the deposition of another integrated cir-
cuit element.

[0014] Inanotheraspectofthe invention, a printing method
with a guidance system is used to deposit a dielectric (non-
conductive) material over selected areas of the functional
block and/or the strap substrate. The dielectric material func-
tions as an insulation as well as used to tack down, trap, or
adhere the functional block that is within a recessed receptor
region and/or the integrated circuit on the block. Further
processing of the strap substrate and final device can then be
performed with minimal risk of the integrated circuit or func-
tional block becoming detached from the substrate.

[0015] One aspect of the invention pertains to a method that
comprises depositing a functional block into a recessed
region; forming a dielectric layer selectively over a selected
portion or selected portions of the functional block and the
first substrate; and forming one or more electrical intercon-
nections to the functional block. The recessed region is
formed on a first substrate. Depositing the blocks occurs on a
continuous web line and using a Fluidic Self Assembly pro-
cess. The functional block has a width-depth aspect ratio that
substantially matches a width-depth aspect ratio of the
recessed region, which is equal to or less than 10.5:1. Alter-
natively, the width-depth aspect ratio of the recessed region is
equal to or less than 7.5:1.

[0016] One aspect of the invention pertains to a method that
comprises depositing a functional block onto a web substrate
using a Fluidic Self Assembly process; using a direct writing
process to form a dielectric layer over the functional block
and the web substrate at selected areas; and forming one or
more interconnects to the functional block. The web substrate
has a recessed region configured to receive the functional
block. In one embodiment, depositing the functional block,
forming the dielectric layer, and forming the interconnects all
occur on a same machine.

[0017] One aspect of the invention pertains to a processing
system used for assemble functional blocks into a strap sub-
strate. The processing system comprises a web-processing
line configured to move a roll of substrate material across one
or more processing stations; a Fluidic Self-Assembly device
configured to deposit a functional into a recessed region
formed in the substrate material; a first direct write device
configured to formed interconnection features to and from the
functional block; and a second direct write device configured
to selectively form a dielectric layer over the functional block
and the substrate material. The system may further comprise
a vibration device positioned to exert a vibrational force on
one or both of the substrate material and a slurry that is
dispensed via the FSA device to dispense the functional block
onto the substrate material. The vibration device facilitates
deposition of functional block. The system may further com-
prise an embossing device configured to create the recessed
region into the substrate material. Additionally, a computer
system may be included and which is set up to control the
web-processing line, the FSA device, the first direct writing
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device, and/or the second direct writing device, and other
devices associated with the processing system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The invention will be understood more fully from
the detailed description given below and from the accompa-
nying drawings of various embodiments of the invention,
which, however, should not be taken to limit the invention to
the specific embodiments, but are for explanation and under-
standing only. In the drawings:

[0019] FIG. 1 illustrates an example of a functional com-
ponent block;
[0020] FIG. 2A illustrates an exemplary embodiment of an

electronic assembly with a functional block deposited in a
substrate;

[0021] FIGS. 2B-2C illustrate exemplary embodiments of
a via formed in a dielectric layer that is formed over a func-
tional block;

[0022] FIGS. 2D, 2E(a)-2E(b) and 2F illustrate exemplary
embodiments of a conductive interconnect coupling to a func-
tional block;

[0023] FIG. 2G illustrates an exemplary embodiment of
incorporating the assembly formed in FIG. 2A to a second
substrate (a device substrate);

[0024] FIG. 3 illustrates an exemplary embodiment of an
electronic assembly with a functional block deposited in a
substrate that is a multi-layered substrate;

[0025] FIGS. 4-5 illustrate aspects of a recessed region
formed in a substrate

[0026] FIG. 6A illustrates an exemplary embodiment of an
electronic assembly with multiple functional blocks depos-
ited in a substrate with a plurality of recessed regions;
[0027] FIG. 6B illustrates an exemplary embodiment of an
electronic assembly with multiple functional blocks depos-
ited in a substrate with the functional blocks being recessed
below a surface of the substrate;

[0028] FIGS. 7A-7D illustrate an exemplary embodiment
that uses a template to create recessed regions in a substrate;
[0029] FIGS. 7E-7F illustrate non-uniform or inconsistent
step-changes between frames of substrate;

[0030] FIGS. 7G-7H illustrate an exemplary embodiment
of'the present invention with consistent step-changes between
frames of substrate;

[0031] FIGS. 7I-7M illustrate an exemplary embodiment
that uses a roller with features to create recessed regions in a
substrate;

[0032] FIG. 8 illustrates an exemplary embodiment of an
overall process of making an electronic assembly with func-
tional block in accordance to embodiments of the present
invention;

[0033] FIG.9 illustrates another exemplary embodiment of
an overall process of making an electronic assembly with
functional block in accordance to embodiments of the present
invention;

[0034] FIGS. 10-11 illustrate a plurality of sheets being
joined together to form a long sheet of substrate with recessed
regions in accordance with embodiments of the present
invention;

[0035] FIG. 12 illustrates an exemplary embodiment of an
overall process of making an electronic assembly with func-
tional block in accordance to embodiments of the present
invention;
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[0036] FIGS. 13, 14A-14B, and 15 illustrate exemplary
methods of making an electronic assembly with functional
block in accordance to embodiments of the present invention;
[0037] FIGS. 16-17, 18A-18B, and 19A-19C illustrate
exemplary methods of making an electronic assembly with
functional block incorporating direct writing technique in
accordance to embodiments of the present invention;

[0038] FIGS. 20-24 illustrate exemplary electronic assem-
blies formed in accordance to methods of the present inven-
tion; and

[0039] FIG. 25 illustrates an exemplary processing system
that can be used with some embodiments of the present inven-
tion.

DETAILED DESCRIPTION

[0040] In the following description, for purposes of expla-
nation, numerous specific details are set forth in order to
provide a thorough understanding of the invention. It will be
apparent to one skilled in the art, however, that the invention
can be practiced without these specific details. In other
instances, structures and devices are shown in block diagram
form to avoid obscuring the invention.

[0041] Embodiments of the present invention relate to
methods for forming holes, openings, or recessed regions in a
substrate or web substrate and depositing functional blocks
into the recessed regions, forming layers, and/or electrical
interconnections to the blocks to form electronic assemblies.
On many occasions, the disclosure refers to the substrate with
one or more functional blocks deposited therein as a “strap
assembly.” Electronic devices that can be formed using
embodiments include a display, a smart card, a sensor, an
electronic tag, an RFID tag, etc. Some embodiments of the
present invention also relate to characteristics and features of
the substrates or the substrate materials that the functional
blocks are deposited therein. Some embodiments of the
present invention also relate to feature dimensions and spe-
cifics of the functional blocks with respect to the substrate and
the recessed regions.

[0042] Embodiments ofthe invention apply to both flexible
and rigid substrates, and to both monolayer and multilayer
substrates. By creating recessed regions in a substrate, the
substrate is able to receive a functional block or functional
blocks that may have a circuit element thereon. In some
embodiments, the substrate includes one functional block. In
many embodiments, the substrate includes a plurality of such
recessed regions for a plurality of such functional blocks.
Typically the blocks are contained in a slurry, which is depos-
ited onto the flexible substrate as is typically done in a Fluidic
Self-Assembly (FSA) process. Although the blocks may be
comprised of single crystal silicon or other like material,
which makes the block rigid, the substrate may still be flexible
because the size of these blocks (e.g., 650x500 pm or 850x
850 um) is small, or significantly small, in comparison to the
flexible substrate (e.g., 3x6 mm or larger). In some embodi-
ments, the flexible substrate forms part of an RFID tag, a
merchandise label, a packaging, a pharmaceutical label/seal,
a currency (money), or a display backplane, to name a few
example applications.

[0043] Many devices are made from a combination of a
strap substrate and another substrate (or a receiving substrate
or a device substrate). Such devices may include an RFID
tags, a display, a smart card, a sensor, an electronic tag, or a
sensor device. A device with a strap substrate combined to
another substrate are described in U.S. Pat. No. 6,606,247,

Mar. 5, 2009

which is hereby incorporated herein by reference. In one
example of this combination, the strap substrate is fabricated
with one or more recessed receptor sites, and one or more
functional or integrated circuit blocks are deposited into the
recessed receptor sites, for example, using a Fluidic Self-
Assembly (FSA) process. The functional blocks may be
deposited by one or more FSA operations, by robotic pick-
and-place operations, or by other methods. After a functional
block is deposited into the corresponding strap substrate, the
strap substrate is then attached to another substrate, which
may comprise a set of patterned or printed conductor. The
conductor can be an electrical element of a device; for
instance, the conductor can be elements or parts of an antenna
for an RFID device. More than one functional block may be
deposited into a strap substrate depending on application.

[0044] A strap assembly is formed when one or more func-
tional blocks are deposited in the strap substrate and other
elements (e.g., dielectric layer and electrical interconnection)
formed thereon. The overall manufacturing process of a strap
assembly impacts the cost of the final device that incorporates
the strap assembly. For example, when a strap assembly is
formed using a web process, efficiencies of the block depo-
sition, dielectric film formation, material usage, or electrical
interconnection fabrication play important roles in the final
device cost and performance.

[0045] FIG. 1 illustrates exemplary embodiments of an
object that is functional component block 1. The functional
block 1 can have various shapes and sizes. Each functional
block 1 has a top surface 2 upon which a circuit element is
situated (not shown). The circuit element on the top surface 2
may be an ordinary integrated circuit (IC) for any particular
function. For example, the IC may be designed to drive a pixel
of a display. The IC may also be designed to receive power
from another circuit, such as an antenna, and perform a par-
ticular function or functions for the operation of a passive
RFID tag. Alternatively, the IC may be designed to receive
power from an energy source (e.g. battery) for the operation
of'an active RFID tag. The functional block 1 also includes a
contact pad 3 (one or more contact pads 3) to allow electrical
interconnection to the circuit element on the block 1. The
functional block 1 can have a trapezoidal, rectangular, square,
cylinder, asymmetrical, or asymmetrical shape. The top of the
block 1 is often (but need not be) wider than the bottom of'the
block 1. Each functional block 1 may be created from a host
substrate and separated from the host substrate. Methods of
making a functional block 1 are known in the art and for
instance, can be found U.S. Pat. Nos. 5,783,856, 5,824,186,
5,904,545; 5,545,291; and 6,291,896, which are hereby
incorporated by reference in their entireties.

[0046] FIG. 2A illustrates a cross-sectional view of an
exemplary embodiment of an electronic assembly (or a strap
assembly) 200. The assembly 200 can be part of or made to
incorporate into a display device, a RFID tag, a merchandise
label (a CD label), a pharmaceutical label or bottle, etc. The
assembly 200 can be attached to another substrate (e.g., a
device substrate) that may have patterned, printed, or formed
thereon a conductor or conductors. A functional block 202 is
deposited inrecessed region 204 of a substrate 206 to form the
assembly 200. The functional block 202 can be the functional
block 1 previously discussed. Methods of making a func-
tional block are known in the art. In one embodiment, the
functional block 202 is a NanoBlock™ made by Alien Tech-
nology. Once deposited, the functional block 202 is recessed
below a surface 208 of the substrate 206. In one embodiment,
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the functional block 202 is recessed sufficiently below the
surface 208 to provide sufficient space for electrical connec-
tion to the functional block 202. In one embodiment, the
functional block 202 is deposited into the recessed region 204
using a Fluidic Self-Assembly (FSA) process. The surface
208 of the substrate 206 is the native surface of the substrate
206 before any deposition of any other materials on top of the
surface 208. The substrate 206 may be a flexible substrate
made out of plastic, fabric, metal, or some other suitable
materials. In one embodiment, the substrate 206 is flexible. In
one embodiment, the assembly 200 is flexible.

[0047] Also shown in FIG. 2A, a dielectric layer 210 is
formed over the surface 208 and over the functional block
202. The dielectric layer 210 in many instances, also func-
tions as a planarization layer as well as a layer that traps or
keeps the functional block 202 in the recessed region 204.
Vias 212 are also formed into the dielectric layer 210 to
expose portions of the functional block 202. Typically, each
of'the exposed portions of the functional block 202 comprises
a contact pad 216 that enables electrical interconnection to
the functional block 202. In one embodiment, the functional
block 202 includes two contact pads 216 placed on opposite
sides and/or diagonal to each other. In such embodiments, the
dielectric layer 210 has two vias 212, one for each contact pad
216. Each via 212 exposes some or all of the top area 216-A
of'the corresponding contact pad 216 (FIGS. 2B-2C). In one
embodiment, as shown in FIG. 2B each via 212 has a diameter
that is smaller than the top area 216-A of the corresponding
contact pad 216. In some embodiment, the via 212 has a
cone-like shape where the via 212 has a top diameter and a
bottom diameter. The bottom diameter is smaller than the top
diameter. In one embodiment, the bottom diameter is at least
20% smaller than the contact pad 216. Optimally, the diam-
eter of the via 212 at the bottom should be no more than 80%
of'the width of the contact pad 216, which may be defined by
the area 216A. Most optimally, it should be no more than 60%
of'the width of the contact pad 216, which may be defined by
the area 216A. In one embodiment, the via 212 has a non-
symmetrical cone-like shape in which one side of the via 212
has a flatter or gentler slope than the other side (FIG. 2C). As
shown in FIG. 2C, the via 212 has two sides, 212-A and
212-B, in which the side 212-B has a more “gentle” or flatter
slope than the side 212-A. In one embodiment, a small pro-
trusion 212-C is formed on the side 212-B of the via 212. The
configuration of the via 212 in accordance to the present
embodiment helps the conductive material to more easily fill
the via 212.

[0048] Inoneembodiment, the dielectric film 210 is depos-
ited using a roll-to-roll process over the substrate 206 that has
the functional block 202 deposited therein. The dielectric film
210 may be deposited using methods such as lamination of a
polymer film or coating of'a liquid layer over the substrate 206
and subsequent curing to form the dielectric film 210. In one
embodiment, the dielectric film 210 is deposited by a wet
coating process, such as comma coating, or by a direct writing
process, and subsequently dried or cured. The dielectric film
210 may be necessary in embodiments where the assembly
200 is used for devices such as RFID tag since the dielectric
film 210 provides good RF performance for the RFID tag. The
dielectric film 210 contains at least one opening formed
through the dielectric film for the via 212. Each via 212
enables the conductive interconnect 214 formed on the top of
and into the dielectric film 210 to make electrical connection
with a contact pad 216 on the functional block 202.
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Each conductive interconnect 214 can be one conductor or
two conductors joined together. The conductive interconnect
214 can be formed in a one-step process or a two-step process.
When the conductive interconnect 21 is made of two (2)
conductors, one conductor is referred to as a “via conductor”
(214-V) since it fills the via 212. The other conductor is
referred to a “pad conductor” (214-P) which sits on a portion
of the dielectric layer 210 and connects or joins the via con-
ductor 214-V.

[0049] Each via 212 in the dielectric film 210 is positioned
over a contact pad 216, such that the via 212 enables inter-
connection from the contact pad 216 on the functional block
202 to the interconnect 214. In one embodiment, each via 212
is formed such that no dielectric material is present in the via
212.

[0050] In many embodiments, there are two (2) (or more)
vias 212 created over each functional block 202. The number
of vias 212 can be increased or decreased depending on the
product. The number of vias 212 also depends on how many
contact pads 216 are present in the functional block 202 or
depending on how many electrical connections are needed.
For example, many more dielectric vias may be needed for
embodiments where the assembly 200 is incorporated into
display driver or sensor applications. In one embodiment,
there are two contact pads 216 on the functional block 202
and the contact pads are situated diagonally to each other. In
such embodiment, the dielectric film 210 has two vias 212
which are also situated diagonally to each other over the
corresponding contact pads 216.

[0051] In one embodiment, the dielectric film 210 has a
thickness ranging from about 5 um to about 60 um. In another
embodiment, the thickness of the dielectric film 210 is
approximately 38 um. The dielectric can be formed either as
a wet film that is dried or cured, or as a dry film that is
laminated onto the substrate 206.

[0052] In one embodiment, the dielectric film 210 has an
adhesive functionality to the side that is applied to the sub-
strate 206. The adhesive functionality could be an inherent
property of the dielectric material or its application process,
or it could be due to an adhesive film that is applied to the side
of the dielectric film 210 that comes in contact with the
substrate 206. In embodiments where an adhesive film is used
to provide the adhesive to the dielectric film 210, the adhesive
film is non-conductive and can be processed to achieve the
desired structure for the via 212. For example, the adhesive
film may be photo imageable or laser drillable to allow the via
212 to be formed. A laser drillable adhesive film could be
fabricated by using an adhesive that inherently absorbs UV
light, or else by using an adhesive formulation that consists of
a UV-absorbing species. A photo-imageable or laser-drillable
adhesive might also enable direct electrical contact to the
contact pad without an intermediate cleaning or de-scum
process. If an adhesive film is used on the dielectric film 210,
all of the dimensions listed for the dielectric film 210, includ-
ing film thickness and via diameter, applies to the dielectric
and adhesive film combined together.

[0053] In one embodiment, the dielectric film 210 has a
coefficient of thermal expansion (CTE) that is closely
matched to that of the substrate 206. Preferably, the CTE is
within 20 ppm/© C. of the CTE of the base material of the
substrate 206, which is typically 50-70 ppm/C, but can vary
depending on the substrate. The proximity of the dielectric
film CTE to the substrate film CTE is more important than the
absolute value of the substrate film CTE. Suitable dielectric
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materials include, but are not limited to, polyimide, poly-
etherimide, liquid crystal polymer, and polyethylenenaphtha-
late.

[0054] In one embodiment, the vias 212 in the dielectric
film 210 are formed over corner areas of the functional block
202. In one embodiment, the vias 212 are only formed over
the corners of the functional blocks with the contact pads 216.
Additionally, the dielectric film 210 may also be formed only
in discrete or selected positions on or around the functional
block 202 and around the area of the substrate 206 that has the
functional block 202 deposited therein. When the dielectric
film 210 is discretely or selectively formed, the vias 212 may
not be necessary since the dielectric material may be selected
to not form over the contact pads 216 to leave the contact pads
216 exposed. A method that can be used for selectively or
discretely forming the dielectric film 210 includes direct
write, such as inkjet, and laser assisted deposition, etc. Such
method enables the deposition of the dielectric film 210 any-
where the material is needed. Additionally, such selective
deposition of the dielectric film 210 enables customizing
deposition of the dielectric film for uses such as bridging or
covering the gap from the functional block 202 to the sub-
strate surface 208, and/or to protect sensitive areas on the
functional block 202. Such selective deposition of the dielec-
tric film 210 minimizes the use of the dielectric material
where it is not needed. Other methods that can be used for
selectively or discretely form the dielectric film 210 include
patterning, etching, and photolithography.

[0055] One advantage of a structure that incorporates a via
or vias and a dielectric layer is that the dielectric layer is
necessarily disposed between the functional block, which can
be an integrated circuit (IC) for a device, and the conductive
interconnect or conductive traces, which could be used to
connect the functional block to an external electronic element
such as an antenna. The via through the dielectric material
provides a direct electrical connection to the IC, but there is
still a capacitive coupling between other parts of the func-
tional blocks and the external electronic element. It is disad-
vantageous to have such capacitive coupling between the IC
and the conductive traces, and this capacitive coupling is
increased due to proximity of the conductive traces to the IC.
Placing the dielectric layer between the functional block and
the external electronic element provides some vertical dis-
tance between them. Minimizing the size of the interconnec-
tion pad, and increasing the vertical distance between the
traces and IC, minimizes this capacitive coupling. Addition-
ally, the use of low dielectric constant materials as the dielec-
tric layer will also minimize this capacitive coupling.
Examples of low-dielectric constant materials include porous
materials, fluorinated materials, and silicon-rich materials.

[0056] In one embodiment, each conductive interconnect
214 formed on top of and into (in a via created in the dielectric
layer 208) the dielectric layer 208 fills a particular vias 212 so
as to establish electrical interconnection to the functional
block 202. In the present embodiment, each conductive inter-
connect 214 constitutes both a via conductor 214-V as well as
a pad conductor 214-P. When each of the conductive inter-
connects 214 fills via 212, the conductive material covers all
of'the exposed area of the contact pad 216 that is exposed by
the via 212. In one embodiment, the conductive interconnect
214 constitutes a conductive trace of an antenna element or
acts as an interconnect for an antenna element. The conduc-
tive interconnect 214 can also interconnect the functional
block 202 to an external electrical element or elements (e.g.,
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antennas or electrodes). The conductive interconnect 214 can
also be an electrical or conductive lead from the external
electrical element.

[0057] In one embodiment, the conductive interconnect
214 is formed using a roll-to-roll process. For example, mate-
rials used to form the interconnect 214 is deposited onto and
into the dielectric layer 208 as the substrate 208 is processed
on a web line. Material used to make the conductive intercon-
nect 214 may be selected such that it can be cured, for
example, by heat or by electromagnetic or ultraviolet radia-
tion, and can be used in the roll-to-roll process. For example,
the interconnect 214 material is cured as the substrate 206 is
processed on a web line. In one embodiment the conductive
interconnect 214 is made of a conductive composite of con-
ductive particles in a non-conductive matrix, such as silver
ink. In another embodiment, the conductive interconnect 214
is made of metal or metals that are evaporated onto the sub-
strate 206 or onto the dielectric layer 210, over the corre-
sponding via 212, and subsequently patterned. The conduc-
tive interconnect 214 can also be comprised of an organic
conductor, or composites of carbon nanotubes or inorganic
nanowires dispersed in a binder. In one embodiment the con-
ductive interconnect 214 is made of a conductive composite,
such as silver ink or silver-filled epoxy that completely filled
by the corresponding vias 212. In one embodiment, the con-
ductive interconnect 214 is made of one or more of the fol-
lowing: conductive particles dispersed in a nonconductive or
an organometallic matrix (e.g., silver ink), sputtered or evapo-
rated metal, conductive carbon composite, carbon nanotubes,
inorganic nanowires dispersed in a nonconductive matrix,
and any of these materials combined with metallic nanopar-
ticles. In one embodiment, the conductive interconnect 214
comprises a nonconductive matrix that consists of a thermo-
plastic polymer, a thermoset polymer, or a B-staged thermo-
set polymer. In one embodiment, the elastic modulus of a
conductive composite that is used to form the conductive
interconnect 214 is between 120,000 psi and 60,000 psi. The
resistivity of the conductive interconnect 214 is less than 76
m&2/square/mil, more optimally, less than 60 mQ/square/mil,
even more optimally less than 42 mQ/square/mil, and most
optimally less than 25 m£2/square/mil. Additionally, the con-
ductive interconnect 214 is made of a material that is able to
maintain good electrical contact to the top-most conductive
feature or features (e.g., the contact pad 216) on the functional
block 202, such that the combination of the substrate 206, the
functional block 202, the dielectric layer 210, the contact pad
216, and the conductive interconnect 214 is able to maintain
sufficient electrical contact throughout, with less than a 10%
variation in total resistance. In one embodiment, the combi-
nation of the substrate 206, the functional block 202, the
dielectric layer 210, the contact pad 216, and the conductive
interconnect 214 is able to maintain sufficient electrical con-
tact throughout, with less than a 10% variation in total resis-
tance, when the assembly 200 is subjected to thermal cycles
for 100 times from —40° C. to 85° C., and bent over a 1-inch-
diameter mandrel for 80-100 times. Each conductive inter-
connect 214 can partially or completely cover the correspond-
ing via 212 for the conductive material in the via 212 to make
electrical contact to the functional block 202 or the corre-
sponding contact pad 216 on the functional block 202. Addi-
tionally, the conductive interconnects 214 also have a good
adhesion to the dielectric film 210, such that the interconnects
can survive flexing over a 1-inch mandrel as previously men-
tioned.
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[0058] In one embodiment, the conductive interconnect
214 is coupled to another conductive trace (not shown) that
may be formed on the substrate 206. Such conductive trace
can be an antenna trace, for example, when the assembly 200
is to be incorporated into an RFID tag. Alternatively, the
conductive interconnect 214 also forms the conductive trace
for the final device itself. For example, the conductive inter-
connect 214 can also be part of an antenna element for an
RFID tag. The conductive interconnect 214 and the conduc-
tive trace could be combined as one material applied in one
process, or as two materials applied in two sequential steps.

[0059] In one embodiment, the interconnect 214 consti-
tutes a via conductor 214-V and a pad conductor 214-P con-
necting to a particular contact pad 216. The via conductor
214-V contacts the conductive pad 216 on the functional
block 202 at the bottom of the via 212. It is preferable that the
via conductor 214-V covers all of the contact pad 216 that is
exposed by the via 212.

[0060] Inone embodiment, the top diameter or the top area
of'the via conductor 214-V is larger than the top diameter of
the corresponding via 212. In one embodiment, the top diam-
eter or the top area of the via conductor 214-V is about 1-3
times larger than the top diameter of the via 212. In another
embodiment, top diameter or the top area of the via conductor
214-V is 1-2 times larger than the top diameter of the via 212.
[0061] The pad conductor 214-P, in one embodiment, pro-
vides a large or larger conductive area for fast electrical
attachment of the assembly 200 to a conductor on another
electrical functional element, such as a RFID antenna, a dis-
play driver strip, or a sensor assembly. In one embodiment,
the pad conductor 214-P is at least (1 mm)x(1 mm) large.
Since this interconnection area is larger than the connection
or contact pad 216 on the functional block 202, lower-cost,
lower-precision equipment can be used to produce electrical
contact between the assembly 200 and other functional ele-
ments such as antennas. The pad conductor 214-P may be
made of the same material or different material as the via
conductor 214-V.

[0062] The pad conductor 214-P must make electrical con-
tact with any necessary conductive material in the via 212
(e.g., the via conductor 214-V) as well as the corresponding
contact pad 216 that may be provided on the functional block
202. The conductive interconnect 214 may have several lay-
outs. Exemplary layouts are shown in FIGS. 2D-2F, below.
The layouts in FIGS. 2D-2F illustrate exemplary configura-
tions for the pad conductor 214-P of the conductive intercon-
nects 214. It is to be noted that other configurations are also
feasible.

[0063] Typically, the assembly 200 includes more than one
interconnections 214 and more than one pad conductor 214-P.
For instance, the functional block 202 has two contact pads
216 so that multiple connections are needed. In FIG. 2D, a
“bow-tie” configuration 214-A is provided. In this configu-
ration, two pad conductors 214-P form a bow tie-like con-
figuration. The configuration 214-A includes two pad con-
ductors 214-P, each of which having two fingers 244 coming
out of each pad conductor. The fingers 244 are able to make
contact with each of the contact pad 216 at any of the 4 corners
of the functional block 202. Each finger 244 would make
contact to a contact pad 216 that is closest to the correspond-
ing finger 244. It is preferred to have a limited amount of
conductive interconnect 214 over the functional block 202
such that the amount of stray capacitance is limited. Thus,
only a small section of each finger 244 overlaps the functional
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block 202 or a contact pad 216 provided on the block 202. In
one embodiment, the finger 244 is less than or equal to the top
diameter of the corresponding contact pad 216 that the finger
244 connects to. In one embodiment, the finger 244 covers a
portion of the via conductor that connects to the contact pad
216. In one embodiment, the finger 244 covers all of the via
conductor that connects to the contact pad 216. The bow-tie
configuration 214-A enables the conductive interconnect 214
to make contact to the functional block 202 where the contact
pads 216 is placed on any of the four corners of the functional
block 202. It may be that the functional block 202 has one
contact pad 216. Thus, not all of the fingers 244 would contact
a contact pad 216. The functional block 202 thus can also be
deposited into a receptor 204 in a manner where the contact
pads 216 can be oriented at any corner and still able to allow
contact from the fingers 244 to the contacts pads 216.
[0064] InFIG. 2E (a)-FIG. 2E (b), another “bow-tie” con-
figuration 214-B, which does not have the fingers 244 shown
in the bow-tie configuration 214-A is provided. Instead, in the
bow-tie configuration 214-B, sides 246 are provided on the
pad conductors 214-P where each of the sides 246 runs across
almost the length of each side of the functional block 202. In
this configuration, two pad conductors 214-P also form a bow
tie-like configuration over parts of the functional block 202.
In the present embodiment, each of the sides 246 is placed in
contact with a contact pad 216 on the functional block 202.
The contact pad 216 can be a corner location as shown in FIG.
2E(a) or at a center location as shown in FIG. 2E(b).

[0065] FIG. 2F illustrates an exemplary embodiment of a
configuration of the conductive interconnect 214 or the pad
conductor 214-P with a non-bow-tie configuration 21C. Inthe
present embodiment, the functional block 202 may have con-
tact pads 216 placed diagonally to each other. The configu-
ration 214-C is similar to the configurations 214-A and 214-B
above except that only one arm is necessary on each pad. The
configuration 214-C is configured with two pad conductors
214-P each having an arm or extension 248 to make connec-
tion to one of the contact pads 216. The arm 238 allows the
conductive interconnect 214 to contact the functional block
202 with minimal conductive material over the functional
block 202. Other configurations or shape for the extension
248 are possible. The configuration 214-C is especially useful
when the functional block does not have rotational symmetry
that is greater than 2-fold.

[0066] In FIGS. 2D-2F, the contact pads 216 are shown to
contact the fingers 244 or the sides 246 of the pad conductor.
As previously mentioned, the dielectric layer 210 may be
formed over the block 202 and the vias 212 are created in the
dielectric layer 210 so that the contact pads 216 are exposed.
The vias are filled with conductive interconnects 214 or via
conductors 214-V as previously mentioned. As previously
mentioned, the vias could also be filled by the same material
and at the same time as the sides 246 are form. The fingers or
sides from the pad conductors 214-P cover at least a portion of
the corresponding via conductors 214-V to establish inter-
connection to the contact pads 216. For the sake of illustrating
the pad conductor layouts, the vias 212 and the via conductors
214-V are not shown in FIGS. 2D-2F.

[0067] Inoneembodiment, each pad conductor214-Phasa
resistivity that is less than 25 m€2/square/mil, optimally less
than 18 mQ/square/mil, and most optimally less than 12
m&2/square/mil.

[0068] Inone embodiment, each part of the pad conductor
part 214-P that is over the via conductor should be no wider
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than 2 times the smallest diameter of the corresponding via
conductor 214-V, optimally no wider than 1.5 times the diam-
eter of the via conductor 214-V, and more optimally, the same
width as the widest diameter of the via conductor 214-V. The
assembly 200 shown in FIG. 2A can be referred to as a strap
assembly.

[0069] In one embodiment, the strap assembly 200 is fur-
ther coupled or attached to another device for form a final
device (for example, to form an RFID tag). FIG. 2G illustrates
a cross-sectional view of the strap assembly 200 being
attached to a second substrate or a device substrate 201. The
substrate 201 may include other active elements and/or elec-
trical components and in one embodiment, includes a con-
ductor pattern 203 formed thereon. In one embodiment, the
conductor pattern 203 is part of an antenna element that can
be used for an RFID device. In one embodiment, the substrate
206 is “flipped” over such that the surface 208 is facing the
second substrate 201 and the conductor pattern 203. The
substrate 206 is attached to the second substrate 201 in a way
that the conductor pattern 203 is coupled to the interconnects
214. Conductive adhesives may be used to facilitate the
attachment of the strap assembly 200 to the substrate 206.
Other sealing materials can also be added.

[0070] In one embodiment, the substrate 206 is a mono-
layer plastic film such as the substrate 206 shown in FIG. 2A.
A plastic monolayer base film can be a thermoset or an amor-
phous or semicrystalline thermoplastic plastic film. In one
embodiment, the substrate 206 is a thermoplastic base film
and has a glass transition temperature (Tg) of at least about
100° C., more optimally at least about 125° C., and even more
optimally at least about 145° C.-150° C. The thermoset plas-
tic film can be selected from UV-curable, moisture-curable,
and heat-curable thermoset plastic films. Example of suitable
materials that can be used for the substrate 206 include, but
are not limited to, polyethylene, polystyrene, polypropylene,
polynorbornene, polycarbonate, liquid crystal polymer,
polysulfone, polyetherimide, polyamide, polyethylene
terephthalate, and polyethylene naphthalate, and derivatives
thereof.

[0071] In alternative embodiments, the substrate 206 com-
prises multiple layers for example, layers 206A-206D, with
the recessed regions 204 formed in one of the layers, e.g., the
top layer 206 A and with the additional layers used to provide
one or more of dimensional stability, mechanical strength,
dielectric properties, desired thickness, functionalities, etc
(FIG. 3).

[0072] The substrate 206 is made of a material that mini-
mizes positional distortion of the recessed region 204 after the
substrate 206 is subjected to a first thermal excursion for
about 30 minutes at about 125° C. Prior to assembling the
functional block 202 into the recessed region 204, the sub-
strate 206 is subjected to at least one thermal excursion cycle
for about 30 minutes at about 125° C. During this thermal
excursion cycle, the recessed region 204 that is formed into
the substrate 206 may be distorted positionally. The position
of the recessed region 204 on the substrate 206 may move or
be distorted slightly due to the heat or change of material
characterization due to heat. In one embodiment, the sub-
strate 206 must be made of a material that will cause only
about 30-500 pum, more optimally, 30-300 pm, positional
distortion to the location of the recessed region 204 that is
formed on the substrate 206. Positional distortion refers to the
location of the recessed region 204 being moved positionally
from the originally created position on the substrate 206. In
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one embodiment, the substrate has a length of about 200 mm,
along which the distortion is measured. Thus, the substrate
206 is made of a material that when subjected to a first thermal
excursion causes the recessed region to be move by only
about 30-500 pm, or 30-300 um. In another embodiment, the
substrate could have a length that is 300 mm or 500 mm long,
and the allowable distortion along such a length would scale
linearly with the distortion allowed along a shorter length.
[0073] In one embodiment, when the substrate 206 is sub-
jected to a process that forms the recessed region 204, areas
around the area where the recessed region 204 is to be formed
is maintained at a temperature between about 50° C. and the
glass transition temperature of the substrate material. Such
temperature control minimizes distortion to the substrate 206
as the recessed region 204 is being formed.

[0074] The recessed region 204 is at least as large as the
functional block 202 that fills the recessed region 204. More
optimally, the recessed region 204 is slightly larger (e.g., 0-10
pm or 1-10 um) than the functional block 202 in width, depth,
and length, and has a sloping sidewall similar to that of the
shaped functional block 202. In general, the recessed region
matches the shape of the functional block; if the functional
block 202 is square, the recessed region 204 is also square,
and if the functional block 202 is rectangular, the recessed
region 204 is also rectangular.

[0075] In one embodiment, the substrate 206 is substan-
tially flat, especially in or near the recessed region 204. Sub-
stantially flat is characterized by surfaces of the substrate
having no protrusion or no protrusion greater than 5 um. In
other words, if there are any protrusions at all, the protrusion
is not greater than 5 pum, thus giving the substrate 206 a
substantially flat characteristic. FIG. 4 illustrates an exem-
plary embodiment of the substrate 206 with a top surface 208
that is substantially flat. The substrate 206 only needs to have
its top surface 208 (or alternatively, the top surface of the top
layer of the substrate 206 when the substrate includes mul-
tiple layers) being substantially flat. As shown in FIG. 4, the
sides of the recessed region 204 are substantially flat, as well.
Thus, top sides 204-T, bottom side 204-B, and sidewalls
204-W of the recessed region 204 are substantially flat with
no protrusion. FIG. 5 illustrates an exemplary embodiment of
the substrate 206 with some minor protrusions 220 along a
surface of the substrate 206. Nevertheless, the protrusions
220 are so minor that the substrate 206 still has the substan-
tially flat characteristic and that the recessed region 204 has
sides that are substantially flat.

[0076] The recessed region 204 has a width-depth aspect
ratio that is configured to substantially match a width-depth
aspect ratio of the functional block 202. In one embodiment,
the recessed region 204 has a width-depth aspect ratio that is
less than 14:1, optimally, less than 10.5:1, and even more
optimally, less than 7.5:1. The functional block 202 thus has
a similar width-depth aspect ratio.

[0077] The substrate 206 is also selected so that the sub-
strate has a good thermal stability to withstand standard pro-
cessing. The material of the substrate 206 is such that the
substrate 206 allows the recessed region 204 to maintain the
same positional accuracy requirements previously men-
tioned. The substrate 206 is made of a material that is able to
allow the recessed region 204 to maintain its positional accu-
racy after going through a 125° C.-150° C. thermal excursion.
[0078] In many embodiments, the assembly 200 is cut,
sliced, separated, or singulated from a plurality of web-as-
sembled assemblies as will be described below. Thus, a plu-
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rality of assemblies 200 can be formed in one short time
frame. A roll-to-roll process can be used. A web substrate is
provided. The web substrate may be a continuous sheet of
web material which when coiled, is a roll form. A plurality of
recessed regions 204 is formed into the web material to form
the web substrate. A plurality of functional blocks 202 are
deposited into the recessed regions 204 on the web substrate
(e.g., using an FSA process) to form a plurality of the assem-
blies 200 shown in FIG. 2A. Areas or strips of the web
substrate can later be sliced, singulated, cut, or otherwise
separated to produce individual assemblies 200. In one
embodiment, a web sheet having a plurality of assemblies 200
is attached to another web substrate similarly to previously
described in FIG. 2G. Individual devices can then be formed
by slicing or singulating after the substrates are adhered to
one another as illustrated in FIG. 2G.

[0079] FIGS. 6A-6B illustrate an assembly 400 that
includes several assemblies formed similarly to the assembly
200. The assembly 400 is similar to the assembly 200 above
except when multiple assemblies are formed on one piece of
substrate material. In FIGS. 6 A-6B, a substrate 406 includes
a plurality or a population of recessed regions 404 formed
therein. Each recessed region 404 includes a functional block
402 deposited therein. The assembly 400 is also similar to the
assembly 200 shown above except that there are more of the
functional blocks deposited in the substrate. Singulating
areas of the substrate 406 after the functional blocks 402 have
been deposited and other elements formed thereon can pro-
duce a plurality of assemblies 200 shown above. The sub-
strate 406 can be a web substrate, a frame of a web substrate,
a section of a web substrate, or a sheet substrate. In some
embodiments, all of the available recessed regions 404 in the
substrate 406 are filled with functional blocks 402. In some
embodiments, 90-100% of the available recessed regions 404
in the substrate 406 are filled with functional blocks 402. In
yet other embodiments, 50-100% of the available recessed
regions 404 are filled.

[0080] The recessed region 404 has a width-depth aspect
ratio that is configured to substantially match a width-depth
aspect ratio of the functional block 402. In one embodiment,
the population of the recessed regions 404 has an average
width-depth aspect ratio that substantially matches the aver-
age width-depth aspect ratio of the functional blocks 402 orin
some case, the width-depth aspect ratio of each of the func-
tional blocks 402. The average width-depth aspect ratio of the
population of the recessed region is less than 14:1, optimally,
less than 10.5:1, and even more optimally, less than 7.5:1. The
functional blocks 402 thus have a similar width-depth aspect
ratio to the recessed regions’ width-depth aspect ratio.

[0081] Interms ofrecessedregions’ depth, it is importantto
take into account the entire population of the depths 404-R of
the recessed regions 404 and the thicknesses 402-D of the
functional blocks 402. The thickness 402-D of each of the
functional blocks 402 should account for any contact pads on
top of the functional block 402. In one embodiment, after all
the functional blocks 402 are deposited into their correspond-
ing recessed regions 402, a substantial amount of the plurality
of functional blocks 402 are recessed below a top surface
406-T of the substrate 406. In one embodiment, there is a gap
408 between the top surface 402-T of the functional block 402
and the top surface 406-T ofthe substrate 406. In one embodi-
ment, the gap 408 is between about 0-10 um. In one embodi-
ment, the substantial amount of the functional blocks 402
being recessed below the surface of the substrate 406 is
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defined by (1) less than 10% of the population of the func-
tional blocks protrude above the top surface 406-T of the
substrate 406; (2) less than 1% of the population of the func-
tional blocks 402 protrude above the top surface 406-T of the
substrate 406; (3) more than 90% of the functional blocks 402
are recessed below the top surface 406-T of the substrate 406;
or (4) more than 99% of the population of the functional
blocks 402 are recessed below the top surface 406-T of the
substrate 406.

[0082] The populations of the depths 404-R of the recessed
regions 404 and the thicknesses 402-D ofthe functional block
thickness can be represented by distribution with an average
depth or thickness (u, or p,, respectively) and a standard
deviation (0, or 0., respectively). The probability that a func-
tional block 402 protrudes up from a recessed region 404 can
be determined by comparing the difference (A) in averages to
the combined standard deviation, 0., where

A=, -y

and

0= 0,707,
[0083] It is desirable to have o_.<A. More preferably, using
the equations above and applying Normal statistics, it is pref-
erable to have o, and A such that less than 10%, or more
preferably less than 1%, of the population of the functional
blocks 402 protrude above the top surface 406-T of the
recessed regions 404.
[0084] Inone embodiment, the assembly 400 is character-
ized in that the locations of the recessed regions 405 on the
substrate 406 have a good positional accuracy. In one embodi-
ment, across a 158 mm-wide area of the substrate 406, the
positional accuracy of each recessed region 404 is within 100
um at 30, in another embodiment, within 50 um at 30, and in
another embodiment, within 30 um at 30. These positional
accuracy numbers also scale linearly with the width of the
substrate 406. For example, when the substrate 406 has a
width of about 316 mm the positional accuracy of the
recessed regions 404 is within 200 um at 30. Similar to the
assembly 200, the assembly 400 includes a dielectric film
formed over the functional blocks 402, vias formed in the
dielectric film to expose contact pads on the functional blocks
402, and conductive interconnections to establish electrical
connections to the functional blocks 402.
[0085] The substrate 206 or 406 with recessed regions pre-
viously described can be processed using various exemplary
methods and apparatuses of the present invention to form the
recessed regions.
[0086] One embodiment in accordance with the invention
includes a substrate in which a roller having protruding fea-
tures is moved across the substrate and/or pressed down on
the substrate. The roller creates holes or recessed regions in
the substrate. Another embodiment includes or a substrate
that passes under a roller having protruding features and the
substrate contacts the protruding structures from the roller. In
one embodiment, a template in which structures protrude
from the template is used to create recessed regions in a
substrate. The template is pressed against the substrate to
create recessed regions or holes in the substrate. Another
embodiment of the invention relates to creating recessed
regions or holes in a web material using either a roller or a
template. Another embodiment of the invention relates to
creating recessed regions or holes in a web material using
either a roller or a template in which heat is also applied to the
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polymer film to enable the recessed region formation process.
In one embodiment, a device with features such as embossing
features configured to create recessed regions is used. FIG.
7A shows a template 51 with protruding structures 52. The
protruding structures 52 may vary in shapes and sizes depend-
ing upon the object thatis to be placed into a substrate or web
material that is used to create the substrate 406 or 206 previ-
ously described. The length of the protruding structure 52
may range from 500 angstroms to 85 microns or larger in
some cases. Similarly, the diameter or other dimension (e.g.,
width) of a protruding structures 52 may range from 100
angstroms to 70 microns to 900 microns or larger in some
cases.

[0087] In the embodiment where the template 51 is an
embossing mold, the protruding structures 52 have feature
dimensions and/or pitch that are 0.5-1% larger than the
desired dimensions of the corresponding recessed regions to
be formed on the substrate. In the present embodiment, the
substrate will have the recessed regions formed with a pitch
that has substantially similar pitch to the pitch of the recessed
regions. The precise dimensions of the final product can thus
be controlled. This is necessary so that sufficient alignment
occurs through the assembling or fabrication process of the
particular apparatus.

[0088] In one embodiment, the protruding structure 52 has
a width-depth aspect ratio that is less than 10.5:1 or more
optimally, less than 7.5:1. Additionally, the protruding struc-
tures 52 also have the shape that is the shape of the corre-
sponding functional blocks to be deposited in the recessed
regions.

[0089] The template 51 is comprised of sturdy materials
(e.g., steel, polymers, etc.). In one embodiment, the template
is an electroform stamper copy made from an electroform
mother copy, which is made from a master mold that is made
by either etching a silicon wafer or diamond turning machin-
ing a metal plate or roller. In another embodiment, the tem-
plate is an electroform stamper copy made from a master
mold negative that is made by etching a silicon wafer. In
another embodiment, the template is an electroform stamper
copy made by coupling (e.g., welding or attaching) together
smaller electroform stamper copies to make a linear array (for
example, X by 1) of stampers, where x>1. In another embodi-
ment, the template is an electroform stamper copy made by
welding together smaller electroform stamper copies to make
an array (for example, x by y) of stampers, where both x and
y are greater than 1.

[0090] FIG. 7B shows the template 51 with the protruding
structures 52 facing one side of a substrate 50. The substrate
50 can be the substrate 406 or 206 previously mentioned. FIG.
7C shows the template 51 contacting the substrate 50 and the
protruding structures 52 from the template 51 pierce or press
into the substrate 50. These protruding structures 52 may be a
variety of shapes depending on the shapes of objects to be
deposited onto the substrate 50. Heat, electromagnetic radia-
tion, or UV light may be applied at any point in this process to
assist in the pattern transter. FIG. 7D shows that when the
template 51 is separated from the substrate 50, recessed
regions or holes 53 are created in the substrate 50. The
recessed regions 53 can be the recessed regions 404 or 204
previously mentioned.

[0091] The template 51 can be coupled to a vertical hot
press and used to create the recessed regions on the substrate
50. The vertical hot press can be configured to move up or
down to cause the template 51 to contact the substrate 50 in
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the manner described above so that the protruding structures
52 can create the recessed regions 53 into the substrate 50.
The template 51 can also be configured to be used in a step-
and-repeat process to make the substrate 50.

[0092] In one embodiment, the substrate 50 is a web sub-
strate that once coiled, has a roll form. When formed from a
step-and repeat process, one area of the substrate 50 is formed
at a time by the template 51. Each individual area of the
substrate is referred to as a frame. For optimal process con-
ditions, it is important that the web substrate not have unpre-
dictable or uncontrolled ridges, channels, indentations, or
step-changes between individual frames of the web substrate.
The ridges, channels, indentations, or step-changes between
individual frames of the web substrate may cause interrup-
tion, disruption, or unpredictable changes in the movement in
the flow of the slurry that carries the functional blocks to be
deposited into the recessed regions 53 as is used in an FSA
process. In one embodiment, a “frame” is approximately
6-inches-long in the material direction of the web substrate,
and in other embodiments, a frame can be of any length,
ranging from as small as one inch to arbitrarily long, such as
4-feet-long or 8-feet-long or longer.

[0093] Various embossing techniques use a repeating pro-
cess in which an embossing tool provided with a template
such as the template 51 is pressed against the web substrate at
elevated temperature to emboss the recessed regions into the
web substrate. Next, the embossing tool is separated from the
web substrate and the web substrate is indexed forward one
frame-length for the next frame/area. This entire process is
repeated for as many frames as necessary to complete the web
substrate of a particular length. Such process, and other
embossing processes, can leave an uncontrolled step-change
between the frames of the web substrate. This step-change
can typically be about 10-50 pm tall or taller, 0.5-2 mm wide,
and may not be continuous in the cross-direction of the web.
FIG. 7E illustrates a cross-sectional view of an example of
step-changes created between frames of a web substrate 70.
In this figure, the web substrate 70 is processed using a
step-and-repeat process in which step-changes 72 are formed
between each two frames 74. In many instances, the step-
changes 72 are not uniform or continuous in the same direc-
tion from frame to frame as shown in FIG. 7E. Similarly, as
shown in FIG. 7F, step-changes can include channels or
indentations 76 that are formed between frames 74. These
types of step-changes should be avoided in the web substrate.
These step-changes 72 or 76 unpredictably or uncontrollably
interrupt the flow of the functional blocks during the FSA
process, and therefore are detrimental to the process.

[0094] Many techniques used to form the recessed region in
the web substrate can cause similar step-changes. Thus, the
types of step-changes mentioned above can be formed in
substrates that are processed otherwise and not necessarily
results of step-and-repeat processes. For instance, the step-
changes may be caused by a continuous belt that may be
present in some processing. A roller used to form the recessed
regions in the web substrate could have features that may
cause similar step-changes in the web substrate. Uncontrolled
step-changes are thus not desired for a web substrate whether
the substrate is processed by a step-and-repeat process or by
a continuous process.

[0095] A step-change between frames, however, may be
acceptable in the web substrate if the step change is always in
the same direction or in a controlled direction. That way, the
FSA process can be controlled or monitored accordingly to a
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predictable presence of a step-change that is always in the
same direction. In one embodiment, a step-change is created
into the web substrate such that when examining the space
between two frames on the web substrate, there is a step going
from one frame to the next, and that the step is always higher
on the left side, or is always higher on the right side, or always
in the same direction. For instance, as illustrated in FIG. 7G,
a web substrate 76 is formed such that there are a plurality of
frames 74. Each frame 74 is separated from another frame by
a step-change 78. The step-change 78 is consistently in the
same direction from one frame 74 to the next frame 74. As can
be seen, the step-change 78 is always higher on the left side
than the right side of the step-change 78. FIG. 7H illustrates
another example of a consistent or uniform step-change
between two frames of the web substrate 76. One advantage
of'the consistent step-change is that the flow of FSA slurry is
not disrupted by the step-changes 78 unexpectedly and thus,
the FSA process can be more controlled. A template used to
create the recessed regions may incorporate a feature that can
create such a step-change in the substrate.

[0096] In some embodiments, instead of using a template
and a step-and-repeat process to create recessed regions or
holes, a roller or a drum 54 with protruding structures 55 is
used on a substrate 50 (FIGS. 71-7M). The substrate 50 can be
processed to form recessed regions thereon in a continuous
process in which a roller passes across the substrate to form
the recessed regions. A similar template to the template 51
can be created and coupled to a roller that can be used to form
the recessed regions. A roller 54 may be comprised of sturdy
materials (e.g., steel, polymers, aluminum, electroformed
nickel, machined copper, rubber, etc.). FIG. 71 shows a roller
54 with the protruding structures 55. FIG. 7J shows a sub-
strate 50 without recessed regions or holes. FIG. 7K shows
the roller 54 contacting the substrate 50 in a manner that the
protruding structures 55 pressing into the substrate 50. FIGS.
7L-7M show the roller 54 moving across the substrate 50.
Recessed regions or holes 53 are created in the substrate 50
after the protruding structures 55 on the roller 54 pierce the
substrate 50 and then are removed from the substrate 50 as the
roller 54 moves across the substrate 50. It should be noted that
a roller includes a web wheel, a drum, or a supported belt.

[0097] The substrate 50 can be a sheet substrate or a web
substrate as previously mentioned. The roller 54 may be
placed so that the roller 54 rolls or moves across and on top of
the substrate 50. Alternatively, the roller 54 may be placed so
that the roller 54 rolls or moves across and on the bottom of
the substrate 50. The substrate 50 may be comprised of poly-
ether sulfone (PES), polysulfone, polyether imide, polyeth-
ylene terephthalate, polycarbonate, polybutylene terephtha-
late, polyphenylene sulfide (PPS), polypropylene, polyester,
aramid, polyamide-imide (PAI), polyimide, nylon material
(e.g. polyiamide), aromatic polyimides, polyetherimide,
polyvinyl chloride, acrylonitrile butadiene styrene (ABS), or
metallic materials. Additionally, the substrate 50 when in a
web process can be a flexible sheet with very high aspect
ratios such as 25:1 or more (length: width). As is known, a web
material involves a roll process. For example, a roll of paper
towels when unrolled is said to be in web form and it is
fabricated in a process referred to as a web process. When a
web is coiled, it is in roll form.

[0098] FIG. 8 shows an overall process of fabricating an
electronic assembly in according to embodiments of the
present invention. Although the discussion below illustrates
processes that may be continuous, other separate or sub-
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processes can also be used. For instance, a process that is
continuous as shown in FIG. 8 can be separated into separate
or sub-processes. The process in FIG. 8 can take place on one
machine or on several machines.

[0099] FIG. 8 illustrates a web process where a web sub-
strate is used for forming a plurality of electronic assemblies
such as the assembly 200 or 400 previously described. A roll
of'substrate 120 is provided. The substrate 120 is flexible. The
substrate 120 may be sprocket-hole-punched to assist in web
handling. The substrate 120 is advanced from a station 117 or
aroller 117 to a station 119 that forms a plurality of recessed
regions as previously described. The recessed regions can be
formed by machining, etching, casting, embossing, extrud-
ing, stamping, or molding. In one embodiment, a roller such
as the roller 54 as previously described with protruding struc-
tures is provided for the formation of the recessed regions.
The substrate 120 is advanced through a set of support mem-
bers 122 as the recessed regions are created into the substrate
120. An fluid self-assembly process can be used to deposit a
plurality of functional blocks into the recessed regions
formed in the substrate. In one embodiment, a first slurry 124
containing a plurality of functional blocks is dispensed onto
the substrate 120. A second slurry 126 containing a plurality
of functional blocks may also be used to dispense onto the
substrate 120. Excess slurry is collected in container 128 and
is recycled. The functional blocks fall into the recessed
regions in the substrate. The substrate 120 is then advanced to
another set of support members 130. An inspection station
(not shown) may be provided to check for empty recessed
regions or for improperly filled recessed regions. There may
also be a clearing device (not shown) to remove excess func-
tional blocks or blocks not completely seated or deposited
into the recessed regions of the substrate 120. A vibration
device (not shown) may be coupled to the substrate 120
and/or to the slurry dispensing device to facilitate the distri-
bution and/or of the functional blocks. An example of a dis-
pensing device that can work with vibrational assistance to
dispense the functional blocks is described in U.S. patent
application Ser. No. 10/086,491, entitled “Method and Appa-
ratus For Moving Blocks” filed on Feb. 28, 2002, which is
hereby incorporated by reference in its entirety. In one
embodiment, the functional blocks are deposited onto the
substrate material using methods described in U.S. patent
application Ser. No. 10/086,491. In one embodiment, the
functional blocks are deposited onto the substrate using flu-
idic self-assembly process on a continuously moving web
(the substrate 120).

[0100] The functional blocks can have shapes such as
square, rectangular, trapezoid, cylinder, asymmetric block,
asymmetric rectangular, and asymmetric trapezoid. The
recessed regions have similar shapes as the functional blocks.

[0101] Continuing with FIG. 8, and generally shown at 132,
a planarization (or dielectric) layer is then deposited or lami-
nated or otherwise formed onto the substrate material. Vias
are formed in the dielectric film. The dielectric layer can be
applied using a variety of methods. Most commonly, a solid
dielectric film is used, which can be applied with a hot roll
laminator. Alternatively, a liquid dielectric could be applied
by spin coating in sheet form using any variety of a printing
methods, such as direct writing, laser-assisted deposition,
screen printing, or wet coating (e.g., by comma coating or
other types of roll-to-roll liquid coaters). A liquid dielectric
could either be dried or cured to form a solid dielectric layer.
Curing could be thermally-activated, moisture-activated,
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microwave-activated, or UV light-activated. The dielectric
layer can be cured or dried in-line as the layer is being formed.
In one embodiment, the dielectric film is formed by direct
write techniques (e.g., inkjet printing, digital printing, pen/
stylus based deposition, optical or laser assisted deposition,
syringe dispense, Xerographic printing, and the like). A direct
write device (e.g., an ink-jetting machine) may be provided
and controlled by a computer program or machine that can
control the selective deposition of the dielectric material. In
one embodiment, the deposition of the functional blocks by
FSA and the formation of the dielectric film are done on the
same machine. In one embodiment, the dielectric film is
formed over the functional blocks using the continuously
moving web (the substrate 120). In one embodiment, the
dielectric layer is selectively applied in only specific loca-
tions, e.g., on the substrate areas with the functional blocks
and/or over certain area of the functional blocks. In the
embodiment where the dielectric layer is selectively depos-
ited, it may assist in adhering the functional blocks in the
recesses, and it may not be necessary to form vias.

[0102] Inoneembodiment, to form the vias that can expose
the contact pads on the functional blocks, the substrate with
the functional blocks deposited therein is inspected by an
optical scanner (not shown) prior to via formation to deter-
mine the location of the contact pads on the functional blocks
that need vias over them. Preferably, this inspection is done
in-line with the via formation process, and the image analysis
is done automatically by a computerized vision system (not
shown), and the results are sent directly to the via formation
apparatus to select which vias to form. As a result, vias are
only formed in the dielectric above the contact pads of the
functional blocks.

[0103] The via opening(s) in the dielectric layer can be
opened either before or after the dielectric film is placed on
the functional blocks-filled substrate. The openings could be
punched prior to dielectric layer application to the filled sub-
strate web, or could be created by etching, photolithography,
or by laser via drilling after the dielectric film is deposited
over the substrate. Laser drilling can be used to form the vias,
which could be accomplished with either a UV, visible, or IR
laser. In one embodiment, a UV-laser is used to form the via
openings in the dielectric layer. Laser via drilling can be
accomplished with either a long pulse of energy, or a series of
short pulses. In the case of a series of short pulses, the position
of'the laser can be adjusted so that one or more pulses occur
in different positions within each via. A via with a wider,
non-circular opening can be created by laser drilling partially
through the dielectric film. The vias could also be self-form-
ing in liquid systems that, after application to the functional
block-filled substrate web, selectively de-wet off of the con-
tact pads on the functional blocks.

[0104] Inone embodiment, the substrate 120 is held flat on
a chuck, scanned, and then drilled to form a group of vias
prior to indexing forward so that another section of the sub-
strate 120 can be treated. The scanning (e.g., optical scan-
ning) and the via drilling may also occur on a moving web
when the substrate 120 is moving or moving continuously.
[0105] Conductive interconnects are then formed into and
on the dielectric film. In one embodiment, the conductive
interconnects are formed in a continuously moving web. The
conductive interconnects also fill the vias to allow electrical
interconnection to the functional blocks. In one embodiment,
the vias are filled with a conductive material to form via
conductors. A pad conductor is then formed on the dielectric
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film to interconnect to each via conductor. Each pad conduc-
tor and via conductor can form a conductive interconnect
and/or be made of the same materials and in one process in
many embodiments. The via conductors and the pad conduc-
tors can be formed on a continuously moving web of the
substrate roll 120. The planarization and the conductive inter-
connect formation are generally shown at 132 in FIG. 8.
[0106] Inoneembodiment, residues inthe vias are removed
prior to filling the vias. The cleaning step can be accom-
plished by treatment with a detergent cleaning system, a
water rinse system, an oxygen plasma system, a vacuum
plasma system, an atmospheric plasma system, a brush scrub-
bing system, or a sand or solid carbon dioxide blasting sys-
tem. The via can be filled with the conductive material using
sputtering or evaporation across the entire substrate, followed
by lithographic patterning of a mask and subsequent etching,
to leave metal only around and in the via. The conductive
material in the vias can be formed by any of a variety of
conductive composite printing methods, including screen
printing or gravure printing. In some embodiments, the con-
ductive material in the vias is formed by a local printing
method such as direct write deposition. The conductive mate-
rial is typically thermally-cured or UV-cured, or cured by
air-drying. In other embodiments, the conductive materials in
the vias are formed by a direct-write or an adaptive-wiring
process (e.g. ink-jet printing, digital printing, pen/stylus
based deposition, optical or laser assisted deposition, syringe
dispense, Xerographic printing, and the like). In the case of
direct-write or adaptive wiring, the positioning of each indi-
vidual conductive material in each via can be controlled by a
machine vision system analogous to the system that is used to
locate the position on the dielectric layer to form the vias
openings.

[0107] Similar methods for forming the conductive mate-
rial in the vias can be used to form the conductive intercon-
nects on the dielectric film (also referred to as pad conductors)
that couple to the via conductors. In some embodiments, the
same conductive material is used to fill the via as well as
forming the interconnects on the dielectric layer as previously
described. In one embodiment, the interconnects are formed
by metal sputtering or evaporation across the entire substrate
120, followed by lithographic patterning of a mask and sub-
sequent etching, to leave metal only in the preferred pad
conductor shape and in contact with the conductor in the vias.
The via conductors and the pad conductors can be formed in
one step as forming one continuous conductor.

[0108] The via conductors and the pad conductors can be
made of one or more of the following: conductive particles
dispersed in a nonconductive matrix (e.g., silver ink, sput-
tered/evaporated metal, conductive carbon composites, car-
bon nanotubes) or inorganic nanowires dispersed in a non-
conductive matrix (e.g., a thermoplastic polymer, a thermoset
polymer, or a B-staged thermoset polymer), or any of these
materials combined with metallic nanoparticles. The via con-
ductors and the pad conductors’ materials are prepared so that
they can be deposited on a continuously moving web.
[0109] A station 138 may be provided to inspect and/or test
the functionality of the assemblies. The assemblies are tested
for functionality such that known-bad assemblies can be
marked, so that they can be actively avoided in future process
steps. Known-good assemblies can be marked, so that they
can be actively selected in future process steps. The mark can
be an ink mark, ink jet marking, stamping, or a laser burn
mark, or any other mark that is detectable by either a human
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eye, a sensor, or both. In one embodiment, the marking is a
laser marking and is applied to the particular pad conductors
so as to leave a black mark on the pad conductors. In one
embodiment, the tests are done by coupling the electromag-
netic energy from the tester to the assemblies. The coupling
can be resistive, inductive, or capacitive, or a combination
thereof, using contact methods (e.g., direct electrical con-
tact), non-contact methods, or a combination thereof. Even in
a densely-packed set of straps, individual assemblies can be
tested without undue interference from neighboring devices.
In one embodiment, individual assemblies are tested based on
a predefined set of criteria or parameters, for instance, one
assembly out of every 10 assemblies formed on a web is
tested. Other criteria or parameters are of course possible.
After the testing, the substrate 120 is further advanced to
another set of support members 134 for subsequent process-
ing or lamination processes. In one embodiment, an addi-
tional conductive trace is formed on the substrate 120 to
interconnect to the conductive interconnect. The conductive
trace may be an antenna trace or other conductive element for
an external electrical element. The conductive trace may be
formed by a convenient method such as printing, laminating,
deposition, etc. A roll of material 136 is shown to laminate to
the substrate 120. The material from the roll 136 can be a
cover a jacket or other suitable material for subsequent pro-
cessing or for completing the assemblies. In one embodiment,
the roll 136 is a device substrate having formed thereon a
conductor pattern. The substrate 120 having the functional
blocks deposited therein and other elements formed therein/
thereon is attached to the substrate from the roll 136 such that
the conductive interconnects are coupled to the conductor
pattern. In one embodiment, the substrate assemblies after
processed as shown in FIG. 8 are singulated or cut to form
individual assemblies such as assemblies 200 or 400.

[0110] FIG. 9 illustrates another overall process of fabri-
cating an electronic assembly in according to embodiments of
the present invention. This process is similar to the one
described in FIG. 8 except that the recessed regions on the
substrate 120 are formed using a step-and-repeat process. The
process in FIG. 9 can be a continuous process as illustrated or
can be separated into one or more separate or sub-processes.
The process in FIG. 9 can take place on one machine or on
several machines.

[0111] Similarto FIG. 8, in FIG. 9, aroll of substrate 120 is
provided. The substrate 120 material is flexible. The substrate
120 may be sprocket-hole-punched to assist in web handling.
The substrate 120 is advanced from the roll 117 to a station
119 that forms a plurality of recessed regions as previously
described. In one embodiment, a vertical hot press 121 is
provided with a template such as the template 51 previously
described for the formation of the recessed regions. The sub-
strate 120 is advanced through a set of support members 122
as the recessed regions are created into the substrate 120. A
first slurry 124 containing a plurality of functional blocks is
dispensed onto the substrate 120. A second slurry 126 con-
taining a plurality of functional blocks may also be used to
dispense onto the substrate 120. Excess slurry is collected in
acontainer 128 and is recycled. The functional blocks fall into
the recessed regions in the substrate 120. The substrate 120 is
advanced to another set of support members 130. An inspec-
tion station (not shown) may be provided to check for empty
recessed regions or for improperly filled recessed regions.
There may also be clearing device (not shown) to remove
excess functional blocks or blocks not completely seated or
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deposited into the recessed regions off the substrate 120. A
vibration device (not shown) may be coupled to the substrate
120 and/or to the slurry dispensing device to facilitate the
distribution and/or deposition of the functional blocks. An
example of a dispensing device that can work with vibrational
assistance to dispense the functional blocks is described in
U.S. patent application Ser. No. 10/086,491, entitled
“Method and Apparatus For Moving Blocks™ filed on Feb. 28,
2002, which is hereby incorporated by reference in its
entirety. In one embodiment, the functional blocks are depos-
ited onto the substrate using methods described in U.S. patent
application Ser. No. 10/086,491.

[0112] Continuing with FIG. 9, and generally shown at 132
a planarization (or dielectric) layer is then deposited or lami-
nated onto the substrate 120 similar to previously discussed.
Vias are formed in the dielectric film. Conductive intercon-
nects are then formed on the dielectric film. The conductive
interconnects also fill the vias to allow electrical interconnec-
tion to the functional blocks. In one embodiment, the vias are
filled with a conductive material referred to as a via conduc-
tor. A pad conductor is then formed on the dielectric film to
interconnect to the via conductor. The pad conductor and the
via conductor can form the conductive interconnects in many
embodiments. The planarization and the conductive intercon-
nect formation is generally shown at 132 in FIG. 9. A station
138 may be provided to inspect and/or test the functionality of
the assemblies as previously described. After the testing, the
substrate 120 is further advanced to another set of support
members 134 for subsequent processing or lamination pro-
cessed. In one embodiment, a conductive trace is formed on
the substrate 120 to interconnect to the conductive intercon-
nect. The conductive trace may be an antenna trace or other
conductive element. The conductive trace may be formed by
a convenient method such as printing, laminating, deposition,
etc. A roll of material 136 is shown to laminate to the substrate
120. The material can be a cover a jacket or other suitable
material to complete the assemblies. In one embodiment, the
roll 136 is a device substrate having formed thereon a con-
ductor pattern. The substrate 120 with the functional blocks
deposited therein and other elements formed therein/thereon
is attached to the substrate roll 136 such that the conductive
interconnects are coupled to the conductor pattern. In one
embodiment, the substrate assemblies after processed as
shown in FIG. 9 are singulated or cut to form individual
assemblies such as assemblies 200 or 400.

[0113] Inone embodiment, aroll of substrate with recessed
regions formed therein is formed by joining several sheets of
materials together as illustrated in FIGS. 10-11. In many
instances, a number of certain predefined sections of the
substrate are formed, for example, using a template such as
the template 51 previously described. These sections of sub-
strate with the recessed regions formed therein are then
spliced, welded, or otherwise attached to one another to form
a long section or a roll of substrate. As shown in FIG. 10,
frame 1002, 1004, and 1006 are formed. The frame 1002 is
formed with a piece of substrate 1008 with a predetermined
dimension. Likewise, the frame 1004 are 1006 are also
formed with a piece of substrate 1010 and 1012, respectively.
Recessed regions 1014 are created into each of the substrates
1008,1010, and 1012. Then, as shown in FIG. 11, the frames
1002, 1004, and 1006 are welded together to form a long
piece of substrate 1020 or a roll of substrate 1020. Between
each two frames, a step-change is formed. For example,
between the frame 1002 and 1004 is a step-change 1022 and
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between the frame 1004 and 1006 is a step-change 1024. In
the present embodiment, the frames can be attached together
such that the step-changes are uniform and consistent from
one frame to the next. The present embodiment allows one to
control the direction of the step-changes for the benefits pre-
viously discussed.

[0114] After the substrate 1020 is formed, the substrate
1020 may be rolled up into a roll form and placed on a web
line processing similar to those processes described in FIGS.
8-9 to deposit the functional blocks and form other elements
on the substrate. As can be seen in FIG. 12, the substrate 1020
is advanced from a roller 117 through a set of support mem-
bers 122. A first slurry 124 containing a plurality of functional
blocks is dispensed onto the substrate 1020. A second slurry
126 containing a plurality of functional blocks may also be
used to dispense onto the substrate 1020. Excess slurry is
collected in a container 128 and is recycled. The functional
blocks fall into the recessed regions in the substrate 1020. The
substrate 1020 is advanced to another set of support members
130. An inspection station (not shown) may be provided to
check for empty recessed regions or for improperly filled
recessed regions. There may also be a clearing device (not
shown) to remove excess functional blocks or blocks not
completely seated or deposited into the recessed regions off
the substrate 1020. A vibration device (not shown) may be
coupled to the substrate 1020 and/or to the slurry dispensing
device to facilitate the distribution and/or deposition of the
functional blocks. An example of a dispensing device that can
work with vibrational assistance to dispense the functional
blocks is described in U.S. patent application Ser. No. 10/086,
491, entitled “Method and Apparatus For Moving Blocks”
filed on Feb. 28, 2002, which is hereby incorporated in its
entirety. In one embodiment, the functional blocks are depos-
ited onto the substrate using methods described in U.S. patent
application Ser. No. 10/086,491.

[0115] A planarization (or dielectric) layer is then depos-
ited or laminated onto the substrate 1020. Vias are formed in
the dielectric film. Conductive interconnects are then formed
on the dielectric film. The conductive interconnects also fill
the vias to allow electrical interconnection to the functional
blocks. In one embodiment, the vias are filled with a conduc-
tive material referred to as a via conductor. A pad conductor is
then formed on the dielectric film to interconnect to the via
conductor. The pad conductor and the via conductor can form
the conductive interconnects in many embodiments. The pla-
narization and the conductive interconnect formation is gen-
erally shown at 132 in F1G. 12. A station 138 may be provided
to inspect and/or test the functionality of the assemblies as
previously described. The substrate 1020 is further advanced
to another set of support members 134 for subsequent pro-
cessing or lamination processed. In one embodiment, a con-
ductive trace is formed on the substrate 1020 to interconnect
to the conductive interconnect. The conductive trace may be
an antenna trace or other conductive element. The conductive
trace may be formed by a convenient method such as printing,
laminating, deposition, methods of direct writing, etc. A roll
of material 136 is shown to laminate to the substrate 1020.
The material can be a cover, a jacket, or other suitable material
to complete the assemblies. In one embodiment, the roll 136
is a device substrate having formed thereon a conductor pat-
tern. The substrate 1020 having the functional blocks depos-
ited therein and other elements formed therein/thereon is
attached to the roll 136 such that the conductive interconnects
are coupled to the conductor pattern. In one embodiment, the
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substrate assemblies after processed as shown in FIG. 12 are
singulated or cut to form individual assemblies such as
assemblies 200 or 400. Similar to previously discussed, the
process illustrated in FIG. 12 can occur on one machine or on
several machines. Additionally, the process illustrated in FIG.
12 can also be separated into one or more sub-processes as
opposed to be continuous as shown in this figure.

[0116] FIG. 13 illustrates an exemplary method 1300 of
forming an electronic assembly in accordance to embodi-
ments of the present invention. At box 1302, a plurality of
recessed regions is formed on a substrate. At box 1304, a
plurality of functional blocks is deposited into the recessed
regions. Each of the functional blocks is deposited in one of
the recessed regions. A substantial amount of the plurality of
functional blocks is recessed below a top surface of said
substrate. Substantial amount is defined by (1) less than 10%
of the plurality of the functional blocks protrudes above the
top surface of the substrate, (2) less than 1% of the plurality of
the functional blocks protrudes above the top surface of the
substrate, (3) more than 90% of the plurality of the functional
blocks are recessed below the top surface of the substrate, or
(4) more than 99% of the plurality of the functional blocks are
recessed below the top surface of the substrate.

[0117] Inoneembodiment, each ofthe recessed regions has
a first width-depth aspect ratio and each of the functional
blocks has a second width-depth aspect ratio. The first width-
depth aspect ratio substantially matches the second width-
depth aspect ratio. The first width-depth aspect ratio is one of
equal to or less than 10.5:1, or preferably equal to or less than
7.5:1.

[0118] A step-and-repeat process can be used to form the
recessed regions as previously described. In such process, one
area of the substrate is formed with the plurality of recessed
regions at a time. In one embodiment, the material web that is
used for the substrate is passed under a vertical hot press
wherein a mold is attached thereto to form the plurality of
recessed regions. At least one area of the substrate is formed
with the plurality of recessed regions each time the substrate
passes the vertical hot press.

[0119] In another embodiment, a continuous process is
used to form the recessed regions as previously described. In
one embodiment, a material that is used to form the substrate
is extruded to form the substrate and while extruding, the
plurality of recessed regions is formed into the substrate. In
the present embodiment, materials used to form or extrude the
substrate such as polymer pellets are heated and extruded to
form a melted film. A roller or a template with features pro-
vided to form the recessed regions is brought into contact with
the melted film. The recessed regions are thus formed into the
substrate while it is being extruded.

[0120] At box 1306, a dielectric layer is formed over the
functional blocks and/or the substrate. At box 1308, vias are
created into the dielectric layer to allow contact to the func-
tional blocks or the contact pads on the functional blocks as
previously described. At box 1310, conductive interconnects
are formed in the vias and over the dielectric layer as previ-
ously described to form via conductors and pad conductors.

[0121] FIGS. 14A-14B illustrate an exemplary method
1400 of forming an electronic assembly in accordance to
embodiments of the present invention. The method 1400 is
similar to the method 1300 described above with the addition
of using copies of an embossing mold to form the recessed
regions. At box 1402, a master mold is formed. The master
mold comprises an etched silicon wafer and/or a diamond
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turning machined metal plate. At box 1404, a mother copy
mold from the master mold is formed. In the case of a female
silicon wafer master, which has receptors rather than emboss-
ing features, a father copy mold is made first, and the mother
copy mold is made from the father copy mold. At box 1406, a
stamper copy mold from the mother copy mold is formed. At
box 1408, the stamper copy mold is used to form each of the
plurality of recessed regions on a substrate. Each of said
master mold, the mother copy mold, the father copy mold and
the stamper copy mold comprises feature dimensions pro-
vided for each of the plurality of recessed regions. The feature
dimensions for each of the plurality of recessed regions are
about 0.5-1.0% larger than a desired corresponding feature of
each of the plurality of recessed regions. Typically each of the
forming steps involves electroforming a nickel plate or shim,
but other forming methods, such as molding or casting of
metal or polymer are also possible.

[0122] In another embodiment, a master mold negative is
formed from the master mold. A stamper copy mold or gen-
erated is then formed from the master mold negative. At box
1408, the stamper copy mold formed form the master mold
negative is used to form each of the plurality of recessed
regions.

[0123] In another embodiment, one or more stamper copy
molds are formed. Each of the stamper copy mold comprises
atleast one feature for forming one of the plurality of recessed
regions. The stamper copy molds are then welded together to
form a mold having an array of the features for forming an
array of the recessed regions. The features are then used to
form an array of the plurality of recessed regions on the
substrate.

[0124] At box 1410, a plurality of functional blocks is
deposited into the recessed regions. Each of the functional
blocks is deposited in one of the recessed regions. A substan-
tial amount of the plurality of functional blocks is recessed
below a top surface of said substrate. Substantial amount is
defined by (1) less than 10% of the plurality of the functional
blocks protrudes above the top surface of the substrate, (2)
less than 1% of the plurality of the functional blocks protrudes
above the top surface of the substrate, (3) more than 90% of
the plurality of the functional blocks are recessed below the
top surface of the substrate, or (4) more than 99% of the
plurality of the functional blocks are recessed below the top
surface of the substrate.

[0125] At box 1412, a dielectric layer is formed over the
functional blocks and/or the substrate. At box 1414, vias are
created into the dielectric layer to allow contact to the func-
tional blocks or the contact pads on the functional blocks as
previously described. At box 1416, conductive interconnects
are formed in the vias and over the dielectric layer as previ-
ously described.

[0126] FIG. 15 illustrates another exemplary method 1500
of forming an electronic assembly in accordance to embodi-
ments of the present invention. At box 1502, a plurality of
sheets of substrates is provided. The sheets comprise of mate-
rials that are used for the substrates of a plurality of electronic
assemblies. The sheets can be comprised of different, same,
or similar materials from one another. The sheets can be
differently treated or similarly treated from one another and/
or intended for same of different devices. At box 1504, an
array of the recessed regions is formed on each sheet. The
sheets may all have same types of recessed regions or differ-
ent types of recessed regions formed therein. At box 1506, the
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sheets are joined or welded together to form a continuous web
of the substrate having formed therein the plurality of
recessed regions.

[0127] Inoneembodiment, each ofthe recessed regions has
a first width-depth aspect ratio and each of the functional
blocks has a second width-depth aspect ratio. The first width-
depth aspect ratio substantially matches the second width-
depth aspect ratio. The first width-depth aspect ratio is one of
equalto orless than 10.5:1, and optimally equal to or less than
7.5:1.

[0128] Inoneembodiment, a step-and-repeat process using
an embossing mold is used to form the recessed regions as
previously described. In the present embodiment, each sheet
is formed with the plurality of recessed regions at a time. After
the recessed regions are formed, the sheets are joined
together.

[0129] In an alternative embodiment, the sheets are joined
together prior to the formation of the recessed regions. Pre-
vious methods discussed can be used to form the recessed
regions in the joined sheets.

[0130] As previously mentioned, when the sheets are
joined together, each sheet may be referred to as a frame.
Between two frames, there may be a step-change and that one
step-change is consistent in direction of change with another
step-change from one frame to the next frame (e.g., FIGS.
7G-TH).

[0131] At box 1508, a plurality of functional blocks is
deposited into the recessed regions. Each of the functional
blocks is deposited in one of the recessed regions. A substan-
tial amount of the plurality of functional blocks is recessed
below a top surface of said substrate. Substantial amount is
defined by any (1) less than 10% of the plurality of the
functional blocks protrudes above the top surface of the sub-
strate, (2) less than 1% of'the plurality of the functional blocks
protrudes above the top surface of the substrate, (3) more than
90% of the plurality of the functional blocks are recessed
below the top surface of the substrate, or (4) more than 99%
of'the plurality of the functional blocks are recessed below the
top surface of the substrate.

[0132] At box 1510, a dielectric layer is formed over the
functional blocks and/or the substrate. At box 1512, vias are
created into the dielectric layer to allow contact to the func-
tional blocks or the contact pads on the functional blocks as
previously described. At box 1514, conductive interconnects
are formed in the vias and over the dielectric layer as previ-
ously described.

[0133] Many embodiments of the present invention utilize
selective deposition of a dielectric layer, a conductive inter-
connect, or other layer to form a strap assembly. Local print-
ing techniques can be used in various embodiments to effec-
tuate such selective deposition. An example of a local printing
technique is direct write, which includes ink-jet printing,
piezoelectric jet printing, acoustic jet printing, stencil print-
ing, digital printing, pen/stylus based deposition, optical or
laser assisted deposition, syringe dispense, Xerographic
printing, and the like. A direct write technique is a deposition
technique that enables simultaneous deposition and pattern-
ing of a material onto a substrate. In one embodiment, ink-jet
printing is used with a piezoelectric print head. A direct write
system typically employs a guiding system that allows for
precise control of where a particular material is to be printed.
[0134] Using direct write method to form one or more part
of'the various layers or components of a strap assembly leads
to high throughput since direct write uses only a small amount



US 2009/0056113 Al

of'material (e.g., conductive ink or dielectric material) to form
the layers or components. Another factor influencing the
overall cost of a strap is the cost of substrate onto which strap
is made. Lower cost material may have high distortion.
Screen-printing process with a fixed scale for the screen may
not be able to accommodate this difference in scaling. An ink
jetsystem can dynamically correct for this scaling difference.
Additionally, even if the deposition process and material can
be designed for the particular screen printing machine, it will
have low throughput as the system must align itself and print-
ing speed must be lowered to meet the high accuracy require-
ments. Also, high-resolution screen and material needed to
meet high accuracy requirements for a screen-printing pro-
cess are significantly more expensive than otherwise.

[0135] Inone embodiment, a direct write technique is used
to deposit a dielectric material where it is needed on a func-
tional block that is embedded in a substrate. The same direct
write technique can be used to deposit the dielectric material
where it is needed on the substrate. In one embodiment, the
direct write technique is used to deposits the dielectric mate-
rial over selected areas of the functional block and the sub-
strate which could be used to bridge or cover a gap from the
functional block to the substrate or to protect sensitive area on
the functional block. Using the direct write technique to form
the dielectric layer where needed reduces fabrication cost and
material cost. A guiding system accompanies the direct write
process to control where to form the dielectric material.

[0136] Inone embodiment, a direct write technique is used
to form a conductive interconnect to and from the functional
block. One advantage of using a direct write technique to
form the conductive interconnect is that direct write tech-
nique can employ an accurate registration and resolution
control system and such registration and resolution control
system can look at the substrate and dynamically correct for
any scaling error and print a conductive trace away from any
contact pads of the functional block. Screen-printing or other
printing methods can also be used to form some parts of the
conductive interconnect. For instance, the direct write tech-
nique can be used to print a via conductor connecting to a
contact pad on the functional block and a conductor lead that
connects from the via conductor and away from the contact
pad; then, a screen-printing process can be used to print a pad
conductor that connect to the lead conductor. External inter-
connections can be connected to this pad conductor as previ-
ously discussed.

[0137] FIG. 16 illustrates an exemplary method 1600 of
forming a device in accordance to embodiments of the present
invention. Method 1600 incorporates a direct write technique
into forming a strap assembly. At box 1602, functional blocks
are deposited into recessed receptor sites provided on a strap
(first) substrate. (See, for example, FIG. 18B for blocks 1804
being deposited in a strap substrate 1802). At box 1604, areas
that need dielectric material to be formed thereon are deter-
mined. For example, areas proximate contact pads on the
functional blocks or areas that need sealing or bridging from
the functional blocks to the substrate surface. At box 1606, the
dielectric material is deposited where necessary. (See, for
example, FIG. 18B for dielectric material 1806 being selec-
tively deposited where necessary). In one embodiment, a
direct write process (e.g., ink-jetting) is used to deposit the
dielectric material. At box 1608, vias are formed into the
dielectric material where necessary to expose contact pads on
the functional blocks. (See, for example, FIG. 18B for vias
1808 being formed into the dielectric material 1806). At box
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1610, via conductors are formed in the vias to establish con-
nection to the contact pads. At box 1612, conductor leads are
formed using a direct write method. The conductor leads are
extensions from the via conductors. At box 1614, pad con-
ductors are formed using any suitable method such as screen-
printing or direct write. The pad conductors may have any of
the configurations previously discussed (e.g., bow-tie like).
The pad conductors allows for easy and convenient electrical
interconnection to the conductor leads, to the via conductors,
and to the contact pads. At box 1616, strap assemblies are
formed. Other processes not listed herein may be necessary to
complete the formation of the strap assemblies. Components
and layers of the strap assemblies (e.g., blocks, dielectric
layers, and interconnections can be formed while the strap
substrate is on a continuous web or a continuously moving
web, similar to previously discussed.

[0138] Parallel to the strap assemblies’ forming process, a
device substrate is provided. The device substrate can also be
a continuous web as previously mentioned. At box 1620, a
conductor pattern (e.g., an antenna or elements of an antenna)
is formed on a device (second) substrate. Any suitable method
can be used to form the conductor pattern. The device sub-
strate may also be provided with the conductor pattern
already formed therein (e.g., by a supplier). (See, for
example, FIG. 18B for a device substrate 1820 with a con-
ductor pattern 1822). The device substrate may be supplied or
provided in a roll format. At box 1622, one or more strap
assemblies are attached to the device substrate in a way that
the pad conductors are contacting the conductor pattern or
part of the conductor pattern (see, for example, FIG. 18B). A
conductive adhesive or connector may be used to interconnect
the pad conductors to the conductor pattern on the device
substrate. An example of a device that can be formed using the
method 1600 is an RFID tag.

[0139] FIG. 17 illustrates an exemplary method 1700 of
forming a device in accordance to embodiments of the present
invention. Method 1700 is similar to method 1600 except that
there a lead conductor is not formed between the via conduc-
tor and the pad conductor. At box 1702, functional blocks are
deposited into recessed receptor sites provided on a strap
(first) substrate. (See, for example, FIG. 18B for blocks 1804
being deposited in a strap substrate 1802). At box 1704, areas
that need dielectric material to be formed thereon are deter-
mined. At box 1706, a dielectric material is deposited where
necessary. (See, for example, FIG. 18B for dielectric material
1806 being selectively deposited where necessary). In one
embodiment, a direct write process (e.g., ink-jetting) is used
to deposit the dielectric material. At box 1708, vias are
formed into the dielectric material where necessary to expose
contact pads on the functional blocks. (See, for example, FIG.
18B for vias 1808 being formed into the dielectric material
1806). At box 1710, via conductors are formed in the vias to
establish connection to the contact pads. At box 1712, pad
conductors are formed using a direct write deposition. The
pad conductors may have any of the configurations previ-
ously discussed (e.g., bow-tie like). The pad conductors
allows for easy and convenient electrical interconnection to
the via conductors and to the contact pads. At box 1714, strap
assemblies are formed. Other processes not listed herein may
be necessary to complete the formation of the strap assem-
blies. Components and layers of the strap assemblies (e.g.,
blocks, dielectric layers, and interconnections can be formed
while the strap substrate is on a continuous web or on a
continuously moving we, similar to previously discussed.
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[0140] Parallel to the strap assemblies’ forming process, a
device substrate is provided. The device substrate can also be
a continuously web as previously mentioned. At box 1720, a
conductor pattern (e.g., an antenna or elements of an antenna)
is formed on a device (second) substrate. Any suitable method
can be used to form the conductor pattern. The device sub-
strate may also be provided with the conductor pattern
already formed therein (e.g., by a supplier). (See, for
example, FIG. 18B for a device substrate 1820 with a con-
ductor pattern 1822). The device substrate may be supplied or
provided in a roll format. At box 1722, one or more strap
assemblies are attached to the device substrate in a way that
the pad conductors are contacting the conductor pattern or
part of the conductor pattern (see, for example, FIG. 18B). A
conductive adhesive or connector may be used to interconnect
the pad conductors to the conductor pattern on the device
substrate. An example of a device that can be formed using the
method 1700 is an RFID tag.

[0141] FIG. 18A illustrates an exemplary method 1800 of
forming a device in accordance to embodiments of the present
invention. Method 1800 is similar to methods 1600 and 1700
except that there a lead conductor is not formed and that an
interconnect is formed that acts as both a via conductor and a
pad conductor. At box 1860, functional blocks are deposited
into recessed receptor sites provided on a strap (first) sub-
strate. (See, for example, FIG. 18B for blocks 1804 being
deposited in a strap substrate 1802). At box 1862, areas that
need dielectric material to be formed thereon are determined.
At box 1864, a dielectric material is deposited where neces-
sary. (See, for example, FIG. 18B for dielectric material 1806
being selectively deposited where necessary). In one embodi-
ment, a direct write process (e.g., ink-jetting) is used to
deposit the dielectric material. At box 1866, electrical inter-
connects are formed to the functional blocks using a direct
write method. At box 1868, strap assemblies are formed.
Other processes not listed herein may be necessary to com-
plete the formation of the strap assemblies. Components and
layers of the strap assemblies (e.g., blocks, dielectric layers,
and interconnections can be formed while the strap substrate
is on a continuous web or on a continuously moving web,
similar to previously discussed.

[0142] Parallel to the strap assemblies’ forming process, a
device substrate is provided. The device substrate can also be
a continuously web as previously mentioned. At box 1870, a
conductor pattern (e.g., an antenna or elements of an antenna)
is formed on a device (second) substrate. Any suitable method
can be used to form the conductor pattern. The device sub-
strate may also be provided with the conductor pattern
already formed therein (e.g., by a supplier). (See, for
example, FIG. 18B for a device substrate 1820 with a con-
ductor pattern 1822). The device substrate may be supplied or
provided in a roll format. At box 1872, one or more strap
assemblies are attached to the device substrate in a way that
the pad conductors are contacting the conductor pattern or
part of the conductor pattern (see, for example, FIG. 18B). A
conductive adhesive or connector may be used to interconnect
the pad conductors to the conductor pattern on the device
substrate. An example of a device that can be formed using the
method 1800 is an RFID tag.

[0143] FIG. 19A illustrates an exemplary method 1900 of
forming a device in accordance to embodiments of the present
invention. At box 1902, functional blocks are deposited into
recessed receptor sites provided on a strap (first) substrate
using a Fluidic Self-Assembly process. The strap substrate is
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provided on a web substrate or is part of a web substrate. (See,
for example, FIG. 19B for blocks 1960 being deposited in a
strap substrate 1962). At box 1904, vias conductors are
formed to connect directly to contact pads on the functional
blocks using a direct write method (e.g., ink-jetting). (See, for
example, FIG. 19B for blocks via conductors 1964 being
direct written on contact pads 1966 of the functional blocks
1960). At box 1906, a dielectric layer is formed around each
via conductor and optionally, over each predetermined area of
each functional block as well as the strap substrate using
similar direct write method. (See, for example, FIG. 19B for
dielectric layer 1968 being form around the via conductor
1966). As before, the dielectric material is deposited where
necessary. At box 1908, pad conductors are formed to connect
to the via conductors. A direct write method (or other suitable
method) can be used to form the pad conductors. (See, for
example, FIG. 19C for pad conductors 1970 being formed
and connected to the via conductor 1966). The pad conduc-
tors may have any of the configurations previously discussed
(e.g., bow-tie like). At box 1910, strap assemblies are formed.
Other processes not listed herein may be necessary to com-
plete the formation of the strap assemblies. The process of
method 1900 can all occur while the web substrate is con-
tinuously moving from one station to another station where
each station performs a particular process, e.g., FSA, direct
write conductive material, or direct write dielectric material.

[0144] In one embodiment, at box 1912, the web material
with the strap assemblies formed thereon is singulated to
form individual strap assemblies. In other words, individual
assemblies are singulated, sliced, cut, or otherwise separated
from one another or from the web substrate. Parallel to the
strap assemblies’ forming process, a substrate device is pro-
vided. At box 1916, a conductor pattern (e.g., an antenna or
elements of an antenna) is formed on a device (second) sub-
strate. Any suitable method can be used to form the conductor
pattern. The device substrate may also be provided with the
conductor pattern already formed therein (e.g., by a supplier)
as previously described. The device substrate may also be
supplied in the form of a web roll. Also at box 1916, the strap
assemblies are attached to the device substrate in a way that
the pad conductors are contacting the conductor pattern or
part of the conductor pattern as previously described. A con-
ductive adhesive or connector may be used to interconnect the
pad conductors to the conductor pattern on the device sub-
strate. An example of a device that can be formed using the
method 1900 is an RFID tag. A plurality of strap assemblies
or just one strap assembly may be attached to one individual
device substrate depending on applications. Several strap
assemblies may be attached to one individual device substrate
and then singulated to form individual final devices each
having a strap assembly and a device substrate attached to one
another.

[0145] In an alternative embodiment, at box 1914, parallel
to the strap assemblies’ forming process, a substrate device is
provided. At box 1914, a conductor pattern (e.g., an antenna
or elements of an antenna) is formed on a device (second)
substrate. Any suitable method can be used to form the con-
ductor pattern. The device substrate may also be provided
with the conductor pattern already formed therein (e.g., by a
supplier) as previously described. The device substrate may
be supplied in the form of a web roll. The strap assemblies are
attached to the device substrate in a way that the pad conduc-
tors are contacting the conductor pattern or part of the con-
ductor pattern as previously described. A conductive adhesive
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or connector may be used to interconnect the pad conductors
to the conductor pattern on the device substrate. At box 1918,
the web material with the strap assemblies attached to the
device substrate is singulated to form individual final devices.
In other words, individual devices are singulated, sliced, cut,
or otherwise separated from one another or from the web
substrate. A plurality of strap assemblies or just one strap
assembly may be attached to one individual final device
depending on applications. An example of a device that can be
formed using the method 1900 is an RFID tag.

[0146] FIGS. 20-23 illustrates how layers and components
are selectively formed on a functional block and optionally, a
substrate that the functional block is deposited therein. FIG.
20 illustrates a functional block 2004 being deposited into a
receptor site 2002 formed on a substrate 2001 as previously
discussed. The functional block 2004 includes one or more
contact pads 2006 to allow for electrical interconnections to
the functional block 2004. As previously discussed, in one
embodiment, the functional block 2004 is recessed below a
surface of the substrate 2000. A lead conductor 2010 is
formed that connects to the contact pads and extends away
from the contact pads 2006. A direct write technique (e.g., ink
jetting) is used to form the lead conductor 2006, in one
embodiment. In one embodiment, the lead conductor 2006
connects to a pad conductor 2008 formed on the substrate
2002. Thus, a direct write technique is used to form the lead
conductors 2006 that can re-route and expand the contact
pads 2006 of the functional blocks 2004. Although not shown
in FIG. 20, a dielectric layer may be selectively formed over
the functional blocks using a suitable method such as direct
write. Then, the pad conductor 2008 is formed on the dielec-
tric layer and connected to the lead conductor 2010. A strap
assembly 2000 is formed when all proper interconnections
are formed for the functional block 2004.

[0147] In FIG. 21, the strap assembly 2000 is attached or
coupled to an electrical or conductor pattern 2012 that may be
provided on a second substrate or a device substrate. As
shown in this figure, a conductive material 2008 is formed to
make the electrical connection between the strap assembly
2000 and the electrical pattern 2012. The conductive material
2008 can be part of the pad conductor 2006 formed in the
strap assembly. The electrical pattern 2012 can be parts of an
antenna or the antenna itself.

[0148] FIGS. 22-24 illustrate an example of forming a strap
assembly that includes using a direct write technique and
coupling the strap assembly to an external device. In FIG. 22,
a direct write technique, such as ink-jet, laser assisted depo-
sition, etc, is used to deposit a dielectric material 3016 on the
functional block 3004 where it is needed. The dielectric mate-
rial 3016 could be placed anywhere it is needed. For example,
the dielectric material 3016 is used to bridge the gap from the
functional block 3004 to the substrate film 3002, or to protect
sensitive areas on the functional block 3004. The dielectric
material 3016 is also placed over areas that includes contact
pads 3006 provided on the functional block 3004. Vias (not
shown) may be created in the dielectric material 3016 to
expose the contact pads 3006 to allow for necessary electrical
connections. Conductive material (not shown) is then used to
fill the vias (forming via conductor) and contact the contact
pads 3006 using a direct write method as previously dis-
cussed. Alternatively, the conductive material may be formed
over the contact pads 3006 using a direct write method fol-
lowed by the dielectric material 3016 being formed around
the conductive material.
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[0149] In FIG. 23, lead conductors 3010 are formed to
provide extensions to the contact pads 3006 (either directly,
through via conductors, or both) as previously discussed. A
direct write method can be used to form the lead conductors
3010. Pad conductors 3008 are then formed on the substrate
and optionally on portions of the dielectric material 3016.
Each pad conductor 3008 is interconnected to a lead conduc-
tor 3010 and in one embodiment, the pad conductor 3008
does not reside over a surface of the respective functional
block. A strap assembly 3000 is formed all the necessary
interconnections and layers are made and formed to and from
the functional block 3004.

[0150] In one embodiment, the strap assembly 3000 is
attached to a second substrate or a device substrate that has a
conductor pattern 3012 formed thereon (FIG. 24). For
instance, the strap assembly 3000 is attached to a substrate
that has an RFID antenna formed thereon to form an RFID
tag. The strap assembly 3000 is attached to the second sub-
strate such that the conductor pattern 3012 on the second
substrate is interconnected to the pad conductors 3008 on the
strap assembly 3000. In one embodiment, the strap assembly
3000 is flipped up-side-down (like a “flip-chip format™) onto
the second substrate so that the pad conductors 3008 are
facing the conductor pattern 3012 on the device substrate. The
conductor pattern 3012 can be any functional electrical pat-
tern or feature on a device substrate.

[0151] While many processing systems can be used to carry
out certain embodiments of the present invention, FIG. 25
illustrates an exemplary processing system 2500 that can be
used to assemble functional blocks 2504 into a strap substrate
that has receptor regions configured to receive the functional
blocks as well as forming layers or components on the sub-
strate or the functional blocks. The system 2500 is similar to
those described in FIGS. 8-12 above with the specific incor-
poration of a direct write device into the system to form a
certain layer of component of the strap assembly. The system
2500 comprises a web-processing line 2501 configured to and
able to move a roll of substrate material 2502 across one or
more processing stations. A set of support rollers 2514 is
provided to facilitate the movement of the substrate material
from one station tanother station. The substrate material 2502
can form or be made to include or supports the strap substrate
that the functional blocks are to be deposited therein. The
system 2500 includes a Fluidic Self-Assembly (FSA) device
2506 (at one station) configured to deposit the functional
blocks 2504 into the recessed regions. In one embodiment,
the substrate material 2502 is submerged under the fluid used
in the FSA process while the blocks are being deposited. In
one embodiment, a portion of the FSA device is also sub-
merged under the fluid. An inspection device or station 2508
may be provided to inspect the substrate material, e.g., for
block filling, empty regions, block functionality, etc.

[0152] A first direct write device 2510 is also provided (at
one station) with the system 2500. The first direct write device
2510 can be any one of an ink-jetting system, a digital printing
system, pen/stylus system, optical or laser assisted deposition
system, syringe dispensing system, X erographic printing sys-
tem, and the like configured to formed interconnection fea-
tures (e.g., via conductors, pad conductors, or lead conduc-
tors) to and from the functional blocks.

[0153] A second direct write device 2512 is also provided
with the system 2500 (at one station). The second direct write
device can also be any one of an ink jetting system, a digital
printing system, pen/stylus system, optical or laser assisted
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deposition system, syringe dispensing system, Xerographic
printing system, and the like configured to formed dielectric
material over a selected area upon command. More direct
write devices or stations may be included for several layers as
previously discussed.

[0154] In one embodiment, the system 2500 further
includes a vibration device (not shown) positioned to exert a
vibrational force on one or both of the substrate material and
the slurry or fluid that is used to dispense the functional blocks
onto the substrate material. The vibration device can also be
positioned t exert such force on the FSA dispensing device.
The vibration device facilitates deposition of the functional
blocks in the receptor regions. The substrate material could
also be tiltin any direction and/or angle that further assists the
deposition of the functional blocks. In one embodiment, a
vibration device is coupled to the FSA device 2506. In one
embodiment, a vibration device is placed proximate the sub-
strate material 2502 so that the substrate material is vibrated
during deposition at the FSA station.

[0155] Other stations (not shown) could be included, for
example, additional stations are provided for the deposition
of'pad conductors, or other necessary layers over the substrate
material or the dielectric layer. Although not shown, the sys-
tem 2500 could be made to include an embossing device
configured to create the recessed regions into the substrate
material. The embossing device would be placed ahead of the
FSA device 2506 so that the embossing may take place prior
to the deposition of the functional blocks.

[0156] The processing system 2500 can include or connect
to a computer system 2520 that is set up to control for
example, the web-processing line, the FSA device, the first
direct writing device, the second direct writing device, the
embossing device and other devices of the system 2500. In
one embodiment, the computer system 2520 may include a
system controller (not shown) that can executes a system
control software, which is a computer program stored in a
computer-readable medium such as a memory (not shown).
Preferably, the memory is a hard disk drive, but the memory
may also be other kinds of memory known in the art. The
computer program includes sets of instructions that dictate
the process of the system 2500. An input/output device such
as a monitor, a keyboard, and/or a mouse is used to interface
between a user and the computer system 2520. For instance,
a set of instruction can be executed by the computer system
2520 to move the substrate material across the web process-
ing line for FSA, for interconnections formation, for direct
write processing, etc.
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[0157] While the invention has been described in terms of
several embodiments, those of ordinary skill in the art will
recognize that the invention is not limited to the embodiments
described. The method and apparatus of the invention, but can
be practiced with modification and alteration within the spirit
and scope of the appended claims. The description is thus to
be regarded as illustrative instead of limiting. Having dis-
closed exemplary embodiments, modifications and variations
may be made to the disclosed embodiments while remaining
within the spirit and scope of the invention as defined by the
appended claims.

We claim:

1.-35. (canceled)

36. A processing system to assemble functional blocks into

a strap substrate comprising:

a web-processing line configured to move a roll of sub-
strate material across one or more processing stations;

a Fluidic Self-Assembly (FSA) device configured to
deposit a functional into a recessed region formed in said
substrate material;

a first direct write device configured to selectively form a
dielectric layer over said functional block and said sub-
strate material; and

a second direct write device configured to form intercon-
nection features to and from said functional block.

37. The processing system of claim 36 further comprising:

avibration device positioned to exert a vibrational force on
one or both of'said substrate material and a slurry that is
dispensed via said FSA device to dispense said func-
tional block onto said substrate material, said vibration
device facilitates deposition of said functional block.

38. The processing system of claim 36 further comprising:

a computer system set up to control said web-processing
line, said FSA device, said first direct writing device, and
said second direct writing device.

39. The processing system of claim 36 further comprising:

an embossing device configured to create said recessed
region into said substrate material.

40. The processing system of claim 39 further comprising:

a computer system set up to control said web-processing
line, said FSA device, said first direct writing device,
said second direct writing device, and said embossing
device.



