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FLEXIBLE ELECTRONIC STRUCTURE

[0001] The present invention relates generally to the field of electrical circuits and
microchips and relates in particular to an improved flexible electronic structure, such as, for
example, a thin-film integrated circuit (IC), that is adapted for bonding with an external
circuit. More specifically, the present invention relates to a flexible electronic structure

configured for improved protection of its electronic components during bonding.
BACKGROUND

[0002] In the past decade, flexible circuitry has been branching out significantly from its
initial role as a simple wire replacement to providing very cost-effective, but more complex
interconnects, as well as, low-cost flexible integrated circuits (ICs) that can easily be

embedded into everyday objects.

[0003] A flexible circuit structure, such as, for example, a flexible integrated or printed
circuit (i.e. IC), is a patterned arrangement of circuitry and components that utilises flexible
base material with or without flexible over lay. In particular, the flexible circuit structure
(e.g. flexible IC or thin-film IC) may be formed in a thin layer of soft polymer film so that the
flexible circuit structure can be bent or even stretched while maintaining integrity and
functionality of the integrated circuit. Also, in contrast to a rigid silicon wafer IC, flexible
circuit structures have usually no further protection, such as a hard, outer plastic case, and

may therefore be vulnerable to damage.

[0004] According to a conventional method, ICs, whether rigid or flexible, are attached to
substrates using conductive adhesives, such as anisotropic conductive adhesive (ACA, an
example of which is an anisotropic conductive paste (ACP)). ACA consists of an adhesive
organic binder with a filling material of conductive particles forming a paste. An alternative
approach is to sinter conductive metallic inks to simultaneously form solid metal and join
the IC to the substrate, where this is known as intermetallic bonding. Recently, a copper

nanoink has been used for such a die attach purpose.

[0005] With regards to the first bonding method mentioned above, the adhesive (e.g.,
ACA) is placed between a flexible circuit structure and respective contacts of an
application circuit. A bonding tool (e.g., thermodes) is then used to press (while applying
heat) the conductive particles into respective contacts, or bonding pads, of the flexible
circuit structure and the application circuit forming an electrically conductive interface
between the flexible circuit structure and the application circuit. Since the conductive

particles are isolated within the non-conductive adhesive matrix, no lateral conduction
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takes place. The binder cures thermally to secure the bond between the flexible circuit

structure and the application circuit.

[0006] However, conventionally there may be a relatively wide space between the
contacts of the flexible circuit structure. A consequence of this is that, as a result of the
bonding process, the flexible circuit structure may become distorted in an undesirable
manner. For example, the flexible circuit structure may adopt a less controlled form, such
as being less planar and/or less closely conforming to the shape of the external application
circuit (or a substrate/structure comprising the external application circuit, which may itself

be flexible). In some cases, this could result in damage to the flexible circuit structure.

[0007] Figures 1A, 1B and 1C illustrate a conventional structure and bonding process,
where a flexible electronic structure 20 (such as a flexible IC) is bonded to an external
structure 10 (such as an application circuit or an external structure including an application

circuit).

[0008] Flexible electronic structure 20 includes flexible body 22, contact elements 24
(which it will be appreciated could also be referred to as contacts, bond pads, contact
members etc.), and one or more integrated electronic components 26. Referring to the
above, it will be appreciated that an ACA may be provided between the flexible electronic

structure 20 and the external structure 10.

[0009] The one or more electronic components 26, which may comprise any of resistors,
capacitors, transistors, diodes, inductors, etc., are embedded within the flexible body 22,
and are operatively coupled to the contact elements 24. In a case where there are more
than two contact elements, the embedded circuit may be operatively coupled to at least

two of the contact elements.

[0010] The contact elements 24 are provided, or formed, on a first surface of the flexible
body 22. For example, the contact elements 24 are formed from a conductive layer which
is disposed on the flexible body 22, where the remaining part of the conductive layer is

removed in the process of formation of the contact elements 24.

[0011] External structure 10 includes a substrate 12 and external contact elements 14.
The external contact elements 14 are disposed, or provided, on a first surface of the
substrate 12 which opposes the first surface of the flexible electronic structure 20. The
external contact elements 14 are provided to correspond to the contact elements 24 of the

flexible electronic structure.

[0012] As shown in Fig. 1B, upon suitably positioning the flexible electronic structure 20
and the external structure 10 to ensure appropriate alignment of the contact elements 24

and the external contact elements 14, pressure is applied to a second surface of the
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flexible electronic structure 20, opposite to the first surface, and pressure is applied to a
second surface of the external structure 10, opposite to the first surface, thereby pressing
the flexible electronic structure 20 and the external structure 10 together through the ACA
(not shown). The applied pressure is illustrated by the arrows. In addition to the applied
pressure, one or more of the flexible electronic structure 20, the external structure 10 and
the ACA may be heated. This results in the bonding and electrical connection between the

contact elements 24 and the external contact elements 14.

[0013] Fig. 1C illustrates the problem which is discussed above, in that the flexible

electronic structure has deformed, or lost planarity, as a result of the bonding process.
BRIEF SUMMARY OF THE DISCLOSURE

[0014] It is an aim of certain examples of the present disclosure to address an issue of
loss of control of the form of a flexible circuit structure, particularly as a result of a bonding

process to an external structure.

[0015] In accordance with an aspect of the present disclosure, there is provided a flexible
electronic structure for bonding with an external circuit, the flexible electronic structure
comprising: a flexible body having a first surface, the flexible body comprising at least one
electronic component; at least one contact element configured to bond with the external
circuit, the at least one contact element operatively coupled with the at least one electronic
component and provided at the first surface of the flexible body, and arranged to operably
interface with the external circuit after bonding, and at least one support element provided
at the first surface of the flexible body, each support element arranged to contact a
corresponding surface element disposed on a first surface of an external structure

comprising the external circuit.

[0016] In an example of the present disclosure, one or more of the at least one support
element, the at least one contact element, the external circuit and the corresponding

surface element comprises a conductive metallic ink.

[0017] In another example of the present disclosure, the at least one support element is
arranged to provide optical shielding of one or more of the at least one electronic

component.

[0018] In another example of the present disclosure, the at least one support element is
arranged to provide shielding to one or more of electro-magnetic interference and

radiation, for one or more of the at least one electronic component.

[0019] In another example of the present disclosure, the at least one support element is

thermally connected to the at least one electronic component.
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[0020] In another example of the present disclosure, the at least one support element

provides heat spreading or heat sinking for the at least one electronic component.

[0021] In another example of the present disclosure, the at least one support element
and the at least one contact element are formed on the first surface by one of a

photolithographic technique, laser ablation and printing.

[0022] In another example of the present disclosure, wherein the at least one support

element and the at least one contact element comprise the same one or more materials.

[0023] In another example of the present disclosure, the flexible electronic structure
comprises a plurality of contact elements, wherein the at least one support element is

provided between two contact elements of the plurality of contact elements.

[0024] In another example of the present disclosure, the flexible electronic structure
comprises a plurality of support elements, each arranged to contact and electrically
connect to a corresponding surface element disposed on the surface of external structure,

wherein each surface element is an antenna track.

[0025] In another example of the present disclosure, a thermoplastic is provided around
the at least one support element to form an underfill between the flexible electronic

structure and the external structure.

[0026] In another example of the present disclosure, the at least one contact element
and the at least one support element are formed in a redistributive layer, RDL, of the

flexible electronic structure.

[0027] In another example of the present disclosure, each support element is configured
to bond with the corresponding surface element via a conductive, adhesive, curable fluid,

or via sintered metallic ink.

[0028] In another example of the present disclosure, at least one of: a contact element of
the at least one contact element is formed to have one or more protrusions arranged to
penetrate a corresponding contact element of the external circuit during bonding; a contact
element of the at least one contact element is arranged to be penetrated by one or more
protrusions of a corresponding contact element of the external during bonding; and a
contact element of the at least one contact element is formed to have one or more
protrusions arranged to penetrate an electronic component of the external circuit during

bonding

[0029] In another example of the present disclosure, the one or more protrusions are for
forming an electrical connection to the external circuit when the flexible electronic structure

is bonded with the external circuit.
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[0030] In another example of the present disclosure, the electrical connection to the
external circuit is for the communication of signals to be transmitted by or received by an

antenna of the external circuit.

[0031] In another example of the present disclosure, a non-conductive adhesive fluid is

provided between the flexible electronic structure and the external structure.

[0032] In another example of the present disclosure, the flexible electronic structure is a

thin-film integrated circuit, IC, or a flexible IC.
BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Embodiments of the invention are further described hereinafter with reference to

the accompanying drawings, in which:

Figures 1A, 1B and 1C show a schematic illustration of a flexible electronic

structure.

Figures 2A and 2B show a schematic illustration of a flexible electronic structure

having a support element according to an embodiment of the present disclosure.

Figures 3A, 3B and 3C show schematic illustrations of flexible electronic
structures having support elements according to further embodiments of the present

disclosure.

Figures 4A and 4B show a schematic illustration of a flexible electronic structure
having a support element for a crossover-type application according to a further

embodiment of the present disclosure.

Figures 5A and 5B provide a schematic illustration of a bonding process between

a thin-film IC and an external structure.

Figures 6A and 6B show a schematic illustration of respective contact elements of
a flexible electronic structure and an external circuit structure according to an embodiment

of the present disclosure.

Figures 7A and 7B show a schematic illustration of respective contact elements of
a flexible electronic structure and an external circuit structure according to another

embodiment of the present disclosure.
DETAILED DESCRIPTION

[0034] The described example embodiment(s) relate(s) to flexible electronic structures,
which may be or comprise integrated circuits (ICs). In particular, certain embodiments
relate to flexible ICs or thin-film ICs suitable for assembly with an external application

circuit or other external circuit structure.
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[0035] Also, the term Integrated Circuit (IC) used in this disclosure may be interpreted
very broadly, and the nature of ICs and other products described may be extremely
diverse. Any item comprising an electronic component and exhibiting some electronic
activity is in scope. ICs may include but are not limited to digital ICs, analogue ICs, mixed-
signal ICs, microprocessors, digital signal processors (DSPs), logic ICs, microcontrollers,
interface ICs, programmable logic devices, application-specific ICs (ASICs), RFID ICs, RF
ICs, memory ICs, sensors, power management circuits, operational amplifiers, data
acquisition ICs, clock/timing ICs etc., but also any suitable active and/or passive electronic

components.

[0036] Furthermore, throughout the specification, the term “connected” is understood to
mean a direct connection such as electrical, mechanical or magnetic connection between
the things that are connected. The term “coupled” is understood to mean a direct or
indirect connection (i.e. through one or more passive or active intermediary devices or
components). Further, unless otherwise specified, the use of ordinal adjectives, such as,
“first”, “second”, “third” etc. merely indicate that different instances of like objects are being
referred to and are not intended to imply that the objects so described must be in a given
sequence, either temporally, spatially, in ranking or in any other manner. Orientation
terminology, such as, “horizontal” is understood with respect to a plane parallel to the
conventional plane or surface of a wafer or substrate, regardless of the orientation of the
wafer or substrate. The term “vertical” may refer to a direction perpendicular to the
horizontal as defined previously. Prepositions, such as, “on”, “side”, “higher”, “upper’,
“lower”, “over”, “bottom” and “under” may be understood with respect to the conventional
plane or surface being on the top surface of the wafer or substrate, regardless of the

orientation of the electrical interconnects or the electronic package.

[0037] Throughout the description and claims of this specification, the words “comprise”
and “contain” and variations of them mean “including but not limited to”, and they are not
intended to (and do not) exclude other components, integers or steps. Throughout the
description and claims of this specification, the singular encompasses the plural unless the
context otherwise requires. In particular, where the indefinite article is used, the
specification is to be understood as contemplating plurality as well as singularity, unless

the context requires otherwise.

[0038] Figures 2A and 2B show a schematic illustration of a flexible electronic structure
200 according to an embodiment of the present disclosure. The flexible electronic

structure 200 may be a thin-film IC, however it is not limited to such as discussed above.

[0039] Referring to Figs. 2A and 2B, the flexible electronic structure 200 is shown in

detail. The flexible electronic structure 200 includes a flexible body 220, two contact
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elements 240 (it will be appreciated that more contact elements may be included in the
flexible electronic structure 200), at least one electronic component 260, and a support
element 280 (as discussed later, more than one support element may be included).
Additionally, an external structure 100 is shown in detail in Fig. 2B. The external structure
100 (which itself may be rigid or flexible, and which may be or comprise an application
circuit) comprises an external substrate 120 (may also be referred to as an application

substrate), external contact elements 140 and an external support element 180.

[0040] According to certain embodiments, the flexible electronic structure 200 may be
formed by initially depositing a blanket layer of conductive material, having substantially
constant thickness, across the whole of a flexible substrate comprising electronic
component(s) 260. It will be appreciated that various deposition techniques may be used
for this, as illustrated (non-limitingly) in Table 1 below. Subsequently, using a subtractive
technique, areas of the conductive layer are removed to define a pattern in said material.
One example of a suitable subtractive technique is photolithography, which enables
patterning to a high degree of precision and with a high quality, allowing for the definition of
features having sizes comparable to the wavelength of light used in the process. Other
exemplary techniques for defining patterns in the conductive layer of the flexible electronic
structure 200 are laser ablation and printing. By such subtractive techniques as described
above, contact element(s) and support element(s) may be provided (or patterned) on the

flexible electronic structure 200.

[0041] Table 1 below provides a non-exhaustive summary of the commonly used
fabrication techniques (i.e. different combinations of deposition and patterning techniques)
that may be used in the fabrication of the various conductive layer structures/arrangements
explained above. In Table 1, the ticks and crosses indicate the compatibility or

incompatibility of the various deposition and patterning techniques respectively.

Patterning Technique
Deposition

. Photolithograph
Technique g pny Printing Laser Ablation | Demetalisation Milling
& Etching

Physical Vapour

Deposition \/ X \/ \/ \/

(PVD)
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Seeding/ \/ x \/ \/ \/

Electroplating

Printing:
Conductive ink x \/ x x x
on conductive

layer

Printing:
Conductive ink x \/ x x x
as conductive

layer

Printing:
conductive X \/ X X X

adhesive

Table 1

[0042] Each of the different combinations of deposition and patterning techniques may
have their own advantages and disadvantages, therefore making them more or less
suitable for their application to the fabrication of the conductive layer. For example, the
printing of conductive ink as the conductive later may avoid the need for separate
deposition and patterning steps and reduce the chance of damage being inflicted on
underlying layers of the flexible electronic structure, but may be of limited precision, thus
possibly reducing its suitability for forming more detailed, or smaller-scaled, conductive
layer structures. Alternatively, some deposition techniques may be better suitable for the
formation of a thicker conductive layer, and some patterning techniques may be better
suitable for flexible electronic structures where underlying functional components are
susceptible to damage from patterning.

[0043] According to certain embodiments, the contact elements 240, the support element
280, the external contact elements 140 and/or the external support element may be
formed of a conductive ink. In an embodiment, a conductive ink may be used as the metal
layer for both the flexible electronic structure 200 (such as in a printed ink redistributive
layer) and an external circuit included in the external structure 100.

[0044] In Figs. 2A and 2B, the contact elements 240 (or bond pads) are shown to be
provided at opposing sides of the flexible electronic structure 200 and up to the edges of
the flexible electronic structure 200. However, it will be appreciated that one or both of the

contact elements 240 may be provided elsewhere on the surface of the flexible electronic
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structure 200. Furthermore, the contact elements 240 may have the same or different
sizes and shapes as one another. The contact elements 240 may be provided in the
conductive layer of the flexible electronic structure 200, for example a redistributive layer

(RDL), through a subtractive technique as discussed above.

[0045] In certain embodiments, the contact elements 240 may be provided to correspond
to external contact elements 140 (or contact pads) on a first surface of the external
structure 100 (or of the external substrate 120) such that, after bonding, the contact
elements 240 will operably interface with a circuit included in the external structure 100,
thereby operatively coupling the at least one component 260 to the circuit of the external

structure 100.

[0046] The contact elements 240 are provided on the flexible body 220, specifically on a
first surface of the flexible body 220. Also provided on the first surface of the flexible body
220 is the support element 280; for example, the support element 280 may be provided on
a predetermined portion of the flexible body 220. In certain embodiments, an external
support element 180 (which may also be regarded simply as a surface element of the
external structure 100) is provided on the external structure 100 to correspond to the
support element 280 such that alignment of the contact elements 240 and the external
contact elements 140 also results in substantial alignment of the support element 280 and

the external support element 180.

[0047] According to certain embodiments, the support element 280 is provided in the
same layer of the flexible electronic structure 200 as the contact elements 240. For
example, if the contact elements 240 are formed in the RDL, the support element 280 is
also provided in the RDL. According to other embodiments, both the support element 280
and the contact elements 240 may be formed from a patterned curable fluid conductive
and adhesive RDL, e.g. a conductive ink. Referring to the above, the support element 280
may be provided (or patterned) on the surface of the flexible electronic structure 200

through a subtractive technique (such as used for patterning the contact elements 240).

[0048] The support element 280 is to mitigate, or prevent, unwanted deformation of the
flexible electronic structure 200 resulting either from the bonding process or in use. For
example, during the bonding process (for bonding the contact elements 240 to the external
contact elements 140 or, more generally, for bonding the flexible electronic structure 200
to the external structure 100), the support element 280 may contact the external support
element 180 and so provide support to the portion of the flexible electronic structure 200
on which the support element 280 is disposed. Furthermore, the support element 280 may
bond to the corresponding external support element 180 via sintered metallic ink or a

curable fluid combining conductive and adhesive properties (for example a conductive
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adhesive comprising conductive silver, copper, nickel or graphite particles suspended in an
adhesive component comprising a varnish, silicone, synthetic resin or polyurethane),

thereby providing further planarising support for the flexible electronic structure 200.

[0049] In some examples one or more, or all, of the external contact element(s) 140 and
external support element(s) 180 may comprise conductive metallic ink. In other examples
one or more, or all, of the contact elements 240 and support element 280 may comprise
conductive metallic ink. In yet other examples one or more, or all, of the external contact
elements 140 and external support elements 180, and one or more, or all, of the contact
elements 240 and support elements 280, may comprise conductive metallic ink. In these
examples, the same or different inks may be used to form contact and/or support elements
of the flexible electronic structure 200 (240, 280) and of the external structure 100 (140,
180). For example, all of the external contact elements 140 and external support elements
180 of the external structure 100, and all of the contact elements 240 and support
elements 280 of the flexible electronic structure 200, may comprise the same conductive
metallic ink. Using the same ink for the elements of both structures may provide a
homogeneous bond and electrical connection between them. Regardless of whether the
same or different inks are used for the elements on both structures, one or neither of the
inks may be sintered prior to the structures being joined. As an example, an antenna
comprising external contact elements 140 and external support elements 180 may be
printed onto an external substrate 120 using a first conductive ink. An RDL layer
comprising contact elements 240 and support elements 280 may be printed onto a flexible
body 220 using a second conductive ink, which may then optionally be sintered. The
external structure 100 and flexible electronic structure 200 may then be aligned and their
respective contact elements and respective support elements may be joined by sintering
(such a procedure may be further understood by reference to Figs. 4A and 4B, which

illustrates an example involving an antenna element of the external structure 100).

[0050] An example of such a bonding process between the flexible electronic structure
200 and the external structure 100 is as follows. Initially, the external support element 180
is provided on the external substrate 120 between the external contact elements 140, and
the support element 280 is provided on the first surface of the flexible electronic structure
200 between the contact elements 240 in a suitable location for the purposes of alignment
with the external support element 180 (as discussed in more detail above). A layer of
conductive metal ink is deposited onto the external substrate 120 to form the contact
elements 140 and the external support element 180 of the external structure 100. This
deposition may be achieved, for example, by inkjet printing, screen printing etc. (i.e., any

suitable method as would be understood by the skilled person).
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[0051] An important consideration during this process is that the contact elements 240
should not be shorted by the conductive ink, as may occur due to the isotropic nature of
the ink’s conduction once sintered and cured. This may be achieved, for example, by
following design rules (e.g. minimum and/or maximum separations, minimum and/or
maximum dimensions, etc.) for the contact elements 240, the support element 280, the
external contact elements 140 and the external support element 180, taking into account
the properties and thickness of the conductive and adhesive fluid used in the bonding

process (if applicable), the curing conditions etc.

[0052] Another example approach to avoid shorting of the contact elements 240 is to use
a thermoplastic passivation layer coated either on the flexible electronic structure 200 or
external structure 100 (or the external substrate 120 thereof): during the sintering or curing
process, the thermoplastic moulds around the support element 280 then resets after
cooling to provide a planarized underfill between the flexible electronic structure 200 and
the external structure 100 (or the external substrate 120 thereof). This underfill provides
yet further support for the flexible electronic structure 200, in addition to that provided by
the bonded contact elements 240 and the bonded support element 280. Conventional

underfill materials and techniques may alternatively be employed for this purpose.

[00563] The flexible electronic structure 200 and the external structure 100 are aligned
and pressed together (for example, using thermodes), and the flexible electronic structure
200 and the external structure 100 are joined by sinter-bonding. As a result, an electrical
contact is formed between each of the contact elements 240 and a respective external
contact element 140. The support element 280 may also be bonded to the external support
element 180 through this process. As an example of the sinter-bonding, once the flexible
electronic structure 200 and the external structure 100 are aligned, there is provided an
initial heating or drying step, followed by an application of heat and pressure to sinter bond
the support element 280 to the external support element 180 and the contact elements 240
to the external contact elements 140. The temperature and duration of the initial
heating/drying step, the temperature of the heat for sinter-bonding, the magnitude of the
pressure for sinter-bonding and the duration of the sinter-bonding step are determined as a
function of at least one of the chemical properties of the conductive ink and the materials
from which the external substrate 120 and flexible electronic structure 200 are composed.
The physical properties of such bonds may be improved by increasing the roughness of
one or both ink surfaces. For example, the electrical conductivity and/or density
requirements for the contact elements 240 and support elements 280 may be less severe
than those for the external contact elements 140 and external support elements 180. To

give some non-limiting examples: ink drying temperatures may range from ambient
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temperatures to 200°C, ink drying duration may range from 1 second to 10 minutes, ink
sintering temperatures may range from ambient temperatures to 400°C, ink sintering
durations may range from 1 second to 100 minutes, and ink sintering pressures may range

from ambient pressures to 50MPa.

[0054] In certain embodiments, the support element 280 may comprise one or more of a
metal and a non-metallic material (such as a polymer, a metal-oxide etc). In a preferred
example, the support element 280 is at least partly metallic. According to certain
examples, the support element 280 comprises the same material(s) as the external

support element 180.

[0055] In certain embodiments, the support element 280 may be thermally coupled to
another part of the flexible electronic structure 200, such as the at least one electronic
component 260. Accordingly, the support element 280 may provide an effect of heat
spreading or heat sinking for the part to which it is coupled. For example, the support
element 280 may function as a heat sink for one or more electronic components. Once the
flexible electronic structure 200 and the external structure 100 are bonded, the external

support element 180 may contribute to such thermal functionality.

[0056] In certain embodiments, the support element 280 may be electrically coupled to
one or more electronic components in the flexible electronic structure 200, such as the at
least one electronic component 260. Accordingly, the support element 280 may provide a
reference plane for the one or more electronic components to which it is electrically
coupled. Once the flexible electronic structure 200 and the external structure 100 are

bonded, the external support element 180 may contribute to such electronic functionality.

[0057] In certain embodiments, the support element 280 may provide optical shielding of
the at least one electronic component 260 (e.g. memory cells) to prevent or inhibit
discovery of the circuit details (e.g. memory cell content). Furthermore, the support
element 280 may be configured to provide shielding to electro-magnetic interference (EMI)
or radiation (e.g. ionising radiation such as a-particles, p-rays or y-rays, or non-ionising
radiation such as RF, microwave or terahertz waves). In particular, the support element
280 may comprise a predetermined patterning (e.g. patterned contact layout) adapted to
minimise EMI, and/or, the support element 280 may be made of, or covered with, a
material suitable to minimise EMI and/or radiation. Once the flexible electronic structure
200 and the external structure 100 are bonded, the external support element 180 may

contribute to such electromagnetic or radiation functionality.

[0058] It will be appreciated that a support element 280 may provide any combination of

the above-described functionality; for example, a support element 280 may, in addition to
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providing support to at least a portion of the flexible electronic structure 200, also provide
heat sinking or heat spreading for an electronic component and provide a reference place

to an electronic component.

[0059] Although the support element 280 is shown to be provided approximately in the
middle of the flexible electronic structure 200 in Figs. 2A and 2B, it will be appreciated that
this is not required, and the support element 280 may be located on any part of the flexible
electronic structure 200 with the exception of the contact elements 240. That is, the
support element 280 could be located on any other region of the first surface of the flexible
electronic structure 200 aside from the regions where the contact elements 240 are

located.

[0060] Optionally, the flexible electronic structure 200 may also comprise a shield
element (not shown). The shield element may be provided on the first surface between
one of the contact elements 240 and the support element 280, so as to protectively cover
at least part of the flexible body 220. In some examples, the shield element is electrically

isolated from the contact elements 240, as well as from the at least one component 260.

[0061] The shield element may be formed in a metal layer provided on the first surface of
the flexible electronic structure 200: for example, the metal layer used for forming the
contact elements 240 and the support element 280 may be utilised to provide the shield
member. The thickness of the metal layer used for the shield element is chosen so as to
provide sufficient structural protection against anticipated damage, such as may arise, for
example, due to conductive particles in an ACA (which may be several um in diameter)
being pressed, during bonding, into the circuit component(s) of the flexible electronic
structure 200, thus, potentially causing structural damage, short circuits, open circuits
and/or other damage to the flexible electronic structure. Further, the thickness of the metal
layer may be configured to project from the insulating first surface of the flexible electronic
structure 200, so as to provide a ‘stand-off’ distance between the first surface (e.g. the
insulating layer of polymer or passivation) of the flexible electronic structure 200 and the

external structure 100.

[0062] In certain embodiments, the shield element and the support element 280 may be
combined, such that a further purpose of the support element 280 is to protect the flexible
electronic structure 200 from damage such as discussed above. That is, the support
element may provide a shielding function, instead of providing a separate shield element.
In some examples, it will also be appreciated that a plurality of shield elements may be
provided for the flexible electronic structure 200, and they may be of the same or differing

sizes.
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[0063] In certain embodiments, an insulating layer may be provided so as to cover at
least some of the shield element(s) provided on the flexible electronic structure 200, for
example, to prevent said shield element(s) from short-circuiting conductive features on the

external structure 100.

[0064] Figures 3A, 3B and 3C illustrate different flexible electronic structure
configurations, where the number, shape and location of the support element(s) differ from
each other and from that shown in Figs. 2A and 2B. It is also shown how different shapes

and locations of contact elements may be provided.

[0065] Referring to Fig. 3A, in an embodiment of the present disclosure, a plurality of
support elements 380-1 to 380-9 are provided on a first surface of a flexible electronic
structure 300. As can be seen, the support elements 380-1 to 380-9 are arranged in a 3x3
array, however it will be appreciated that other configurations are possible; the support

elements 380-1 to 380-9 may be provided wherever support is desired.

[0066] In certain embodiments, it will be appreciated that a corresponding external
support element may be provided for each of the support elements 380-1 to 380-9, on the
external structure. Alternatively, fewer external support elements may be provided,
however the shape and/or location of the external support elements may be adapted such
that each of the support elements 380-1 to 380-9 contact at least one of the external

support elements as a result of the bonding process.

[0067] All of the support elements 380-1 to 380-9 or only a subset of the support
elements 380-1 to 380-9 may be thermally and/or electrically coupled to a part or
electronic component of the flexible electronic structure 300 as discussed above in relation
to the support element 280 of Figs. 2A and 2B. For example, support elements 380-1, 380-
5 and 380-9 may each be thermally coupled to one or more electronic components of the
flexible electronic structure 300, while support elements 380-7 and 380-3 may be

electrically coupled to one or more electronic components.

[0068] Referring now to Fig. 3B, there is shown a support element 480 of a flexible
electronic structure 400 in a loop shape, such that the support element 480 encloses an
uncovered portion of flexible body 420 and is also enclosed by an uncovered portion of
flexible body 420. In accordance with the above, in certain embodiments, at any point(s)
along the length of the support element 480, the support element 480 may be thermally
and/or electrically coupled to one or more electronic components of the flexible electronic

structure 400.

[0069] Fig. 3B also illustrates a different size and location of contact element 440

compared to that of Figs. 2A-2B and 3A, in accordance with the above discussion.
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[0070] Referring now to Fig. 3C, there is shown two support elements 580 having
different shapes. It will be appreciated that more support elements having the same or

different shapes may also be provided, as desired.

[0071] Figures 4A and 4B illustrate an embodiment of the present disclosure in which a
plurality of support elements 680 are provided to couple to components provided on the
surface of the external structure 100. For example, antenna tracks 190 are provided on the
external structure 100. As a result of bonding the flexible electronic structure 600 to the
external structure 100, the support elements 680 will couple to the antenna tracks 190, and
the flexible electronic structure 600 will also be supported by the contact between the

support elements 680 and the antenna tracks 190.

[0072] In other embodiments, one or more support elements 680 may form a conductive
path between electrically isolated sections of one or more antenna tracks 190. In such
embodiments a gap or discontinuity may be provided in antenna track 190 (or other
conductive feature of external structure 100), this gap is then bridged as a result of
bonding the flexible electronic structure 600 to the external structure 100. Such
embodiments may enable a wide range of features, for example security elements,
distributed capacitances in the bonded circuit, a statistical distribution of resistances
related to the density of conductive ink or ACA particles, or unique tag-level characteristics
that may be written digitally, e.g. by laser, into the pattern of the support element(s) 680
while allowing low-cost identical antennas to be used. In such embodiments, the flexible
electronic structure 600 may not be supported in the areas where the support elements

680 bridge gaps between antenna track sections.

[0073] As discussed above, an ACA may be used in the bonding of an external structure
to a flexible electronic circuit to achieve electrical connection between the respective
contacts. An advantage of using ACA is that it allows the assembly of flexible electronic
(circuit) structures and external (circuit) structures without the need for an accurate (and
hence time-consuming and/or costly) placement of a conductive adhesive onto the small
engaging contacts. In fact, the adhesive (i.e. ACA) may cover the whole area of the flexible
electronic structure without the risk of causing a short circuit, because the electrically
conductive particles are adapted to only provide a conductive interface between the
desired connection of the flexible electronic structure and the external structure. In
addition, when using ACA, there is no need to apply an additional non-conductive
adhesive to provide mechanical integrity to the flexible electronic structure / external

structure assembly.

[0074] However, when using ACA for bonding, thermodes are required to apply a

relatively high pressure so as to squeeze the adhesive layer (e.g. ACA) provided between
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the flexible electronic structure and the external structure until the adhesive layer (e.qg.
ACA) is a little thinner than the diameter of the conductive particles. While this technique
works sufficiently well for rigid silicon chips and other rigid or individual flexible circuits,
many flexible circuit structures may only have a relatively soft and/or very thin (e.g. <1um)

protective layer between the embedded circuitry and the adhesive layer (e.g. ACA).

[0075] Consequently, there is a danger of the conductive particles (which may be several
pMm in diameter) to be pressed into the flexible circuit structure’s circuit component(s), thus,
potentially causing structural damage, short circuits, open circuits and/or other damage to

the flexible circuit structure. It is noted that certain embodiments described above refer to
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35

implementing a shield element to mitigate, or entirely prevent, this damage.

[0076] Figures 5A and 5B show a simplified illustration of the described bonding
technique using thermodes 710a, 710b and an ACA layer 720 to operably attach a flexible
electronic structure (i.e. a flexible or thin-film I1C) 20 to an external structure 10 (e.g. an

application circuit or external circuit).

[0077] During assembly, the ACA 720 is provided between respective interface surfaces
(each comprising respective ones of circuit contact elements 14, 24) of the external
structure 10 and the flexible electronic structure 20, wherein an upper thermode 710a and
a lower thermode 710b are placed on respective outer surfaces of the flexible electronic
structure 20 and the external structure 10. Upper and lower thermode 710a, 710b provide
a predetermined force by pressing the flexible electronic structure 20 and the external
structure 10 together while applying a predetermined heat energy. Applied heat and
pressure cause the ACA 720 to flow so that conductive particles 725 are trapped between
corresponding contact elements 14, 24, thus, forming a localised electrical connection

between corresponding contact elements 14 and 24.

[0078] However, as illustrated in Figure 5B, under pressure (and heat) represented by
arrows 730a and 730b, conductive particles 725 may penetrate the outer surface of the
flexible electronic structure 20, and the flexible body 22 thereof, potentially damaging the
internal components 26 of the flexible electronic structure 20. These potential damaging
penetrations may also be protected against using the conductive layer to shield areas of

the flexible electronic structure 20 as previously described above.

[0079] In some examples, as described above and in reference to Figs 4A and 4B, one
or more support elements 680 may form a conductive path between electrically isolated
sections of one or more antenna tracks 190. In such examples a gap or discontinuity may
be provided in antenna track 190 (or other conductive feature of external structure 100),
this gap is then bridged as a result of bonding the flexible electronic structure 600 to the

external structure 100. Such embodiments may enable a wide range of features, for
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example security elements, distributed capacitances in the bonded circuit, a statistical
distribution of resistances related to the density of conductive ink or ACA particles, or
unique tag-level characteristics that may be written digitally, e.g. by laser, into the pattern
of the support element(s) 680 while allowing low-cost identical antennas to be used. In
such examples, during bonding the pressure on the bonding surfaces of the flexible
electronic structure 600 and external structure 100 may be reduced in the region of the
gap in the conductive feature of the external structure 100, because the support element(s)

680 are pressed into the gap, rather than into a raised conductive feature.

[0080] Although the presence of sharp particles in ACA may damage a flexible electronic
structure when being bonded to an external structure, in accordance with the present
invention sharp and thus potentially damaging structures of either, or both of, the flexible
electronic structure or the external structure may be used to reduce the use of ACAs for
flexible electronic structures to external structures.

[0081] More specifically, the sharp edges that may result from particular patterning
techniques of a conductive layer (e.g. RDL or antenna) or sharp edges that have purposely
been introduced may be used to replace the need for the presence of conductive particles
in the adhesive, thereby allowing for a non-conductive adhesive paste to be used for

bonding a flexible electronic structure to an external structure.

[0082] Figures 6A and 6B illustrate how sharp protrusions of contact elements that form
part of an RDL may be used to achieve electrical connections between a thin-film IC (being
used as an example of a flexible electronic device) and an application circuit (being used
as an example of an external structure). The illustrated portion of thin-film IC 800
comprises a flexible body 820, a contact element 840 (more of which may be present in
the thin-film IC 800 as a whole), and at least one electronic component 860. The illustrated
portion of the application circuit 900 comprises an external substrate 920 and an external
contact element 940 (more of which may be present in the application circuit 900 as a
whole)

[0083] Figs. 6A and 6B show a zoomed-in portion around one contact element 840 of the
thin-film IC 800 and corresponding external contact element 940 of the application circuit
900, however it will be appreciated that the features described below may be applied to
other contact element(s) of the thin-film IC 800, and that the thin-film IC 800 may, in
general, have a structure in accordance with any of the flexible electronic structures
described above (for example, in accordance with flexible electronic structures 200, 300,
400, 500, 600 of Figs. 2A-2B, 3A-3C or 4A-4B).

[0084] In Figure 6A, a conductive layer has been deposited on an upper surface of a

thin-film IC 800 and then patterning used to form contact elements (only one of which is
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shown for convenience of illustration/description — contact element 840). However, either
by virtue of characteristics of the patterning or by design of the patterning or deposition, or
by subsequent further processing, the contact element 840 has a sharp protrusion(s).
Subsequently, to bond the thin-film IC 800 to the application circuit 900, an adhesive paste
1000 that does not contain conducting particles is placed between the thin-film IC 800 and
the application circuit 900, which includes external contact element 940. The thin-filim IC
800 and the application circuit 900 are then forced together under heat and pressure by
thermodes as disclosed in combination with in Figure 5B.

[0085] Figure 6B show the result of the bonding process of Figure 6A. As a result of the
pressure, the thin-film IC 800 and application circuit 900 are bonded and the protrusion(s)
has penetrated through the adhesive to make contact with the external contact element
940 of the application circuit 900, thus avoiding the need for conductive particles in the
adhesive 1000 in order to form the electrical connections between the thin-film IC 800 and
the application circuit 900. By virtue of this approach, damage that may be caused by the
conductive particles of an ACA may be avoided.

[0086] In both Figures 6A and 6B, although the external contact element 940 of the
application circuit is illustrated as being raised from the surface of the application circuit
900 this may not necessarily be the case and may instead be formed from direct contact
with components of the application circuit 900. Not only may electrical contact be
achieved through the protrusion(s) penetrating the external contact element 940, but the
mechanical contact arising due to said penetration may strengthen the bond between the
thin-film IC 800 and the application circuit 900.

[0087] Although Figure 6B illustrates that the sharp protrusions partially penetrate the
external contact element 940 of the application circuit 900, they may merely abut the
surface of the electrical contacts or make contact in other ways suitable for forming an
electrical connection. Furthermore, although the protrusions are illustrated as being part of
the RDL of the thin-film IC, the structures may alternatively be part of the application
circuit. In yet another alternative, the protrusion(s) may be configured to penetrate through
an insulating/passivation/protective layer on the surface of the application circuit or thin-
film IC and directly contact an internal component or electrical contact of the thin-film IC or
application circuit, thus avoiding the need for dedicated electrical vias.

[0088] An example implementation where sharp protrusion(s) on the contact element(s)
resulting from fabrication may be used in manner described above is in the connection of
antennas to thin-film ICs. More specifically, when fabricating antennas from materials such
as aluminium, sharp protrusions, ridges or edges may result (for example, due to a peeling
process or burrs from laser etching), which may be used to penetrate an adhesive and/or a

protective layer of a thin-film IC in order to make a connection between the thin-film IC and
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the antenna(s). For example, the fabrication of the antenna may be configured to, or may
unavoidably, result in sharp edges or protrusions in particular areas that correspond to
either contact elements of the thin-film IC or the output components of the thin-film IC if
direct contact through a protective layer of the thin-film IC is desired. Therefore, usually
undesirable characteristics of particular fabrication techniques or components may be
used to achieve a more robust and simplified bonding process between a thin-film IC and
an application circuit.

[0089] In an example, the electrical connection to the external circuit formed by the
penetration of the protrusions of the contact element(s) into the corresponding external
contact element(s), or into the external (application) circuit (or an electronic component
thereof), may be for the communication of signals to be transmitted by or received by an
antenna of the external circuit, where the antenna may be an RFID, NFC or other wireless
short-range communication antenna. For example, this may be implemented in
combination with the embodiment illustrated in Figs. 4A and 4B, which describe antenna
tracks being provided on the external support structure 100 as part of the external circuit.
[0090] A further example implementation where sharp protrusion(s) on the contact
element(s) resulting from fabrication may be used in the manner described above may
arise from the printed deposition and patterning of a conductive ink layer. As the ink dries a
‘coffee ring effect’ may cause the suspended conductive particles to form a pattern and
adopt a roughened outer surface. Such a roughened surface of contact elements that form
part of an RDL of the flexible electronic structure and/or of an external structure may be
used to achieve electrical connections between the flexible electronic structure and an
external structure. That is, either the flexible electronic structure or the external structure or
both structures may feature roughened contacts formed in printed conductive ink. Such
patterned contacts with rough, raised surfaces may “interlock” via penetration with an
opposing contact, and/or may provide a further raised area of conductive contact that is
more easily exposed and connected, while adhesive is pushed aside. The local roughness
within the contact area may cause the adhesive to be more evenly distributed among the
contact points, resulting in a more secure network of conductive connection throughout an
adhesive matrix on the local scale within the contact area, even in the absence of “cold
weld” metal-metal adhesion.

[0091] Figures 7A and 7B provide an example where the protrusions are formed on one
or more external contact element 1240 of the application circuit 1200 (exemplifying an
external structure) as a result of its manufacture. As discussed above in relation to Figs.
6A and 6B, these protrusions may result from the method of forming the external contact
element 1240. Analogously to Figs. 6A and 6B, as a result of pressure applied during the

bonding process, the protrusions on the external contact element 1240 penetrate or pierce
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the corresponding contact element 1140 of the thin-film IC 1100 (exemplifying a flexible
electronic structure) through the adhesive, thus avoiding the need for conductive particles
in the adhesive 1000 in order to form the electrical connections between the thin-film IC
1100 and the application circuit 1200.

[0092] In an example, the electrical connection to the external circuit formed by the
penetration of the protrusions of the external contact element(s) into the corresponding
contact element(s) may be for the communication of signals to be transmitted by or
received by an antenna of the external circuit, where the antenna may be an RFID, NFC or
other wireless short-range communication antenna. For example, this may be
implemented in combination with the embodiment illustrated in Figs. 4A and 4B, which
describe antenna tracks being provided on the external support structure 100 as part of the
external circuit.

[0093] Alternative arrangements of the sharp protrusions/structures are also possible, for
example, each of the edges of the regions of conductive material may include the sharp
protrusions or only a selection of the edges may include the sharp protrusions. For
instance, the sharp protrusions may be formed on the edges that are a result of patterning
i.e. where material has been removed from.

[0094] Features, integers, characteristics or groups described in conjunction with a
particular aspect, embodiment or example of the invention are to be understood to be
applicable to any other aspect, embodiment or example described herein unless
incompatible therewith. All of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination, except combinations where at
least some of such features and/or steps are mutually exclusive. The invention is not
restricted to the details of any foregoing embodiments. The invention extends to any novel
one, or any novel combination, of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any novel one, or any novel

combination, of the steps of any method or process so disclosed.

[0095] The reader's attention is directed to all papers and documents which are filed
concurrently with or previous to this specification in connection with this application and
which are open to public inspection with this specification, and the contents of all such

papers and documents are incorporated herein by reference.
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CLAIMS

1. A flexible electronic structure for bonding with an external circuit, the flexible
electronic structure comprising:

a flexible body having a first surface, the flexible body comprising at least one
electronic component;

at least one contact element configured to bond with the external circuit, the at
least one contact element operatively coupled with the at least one electronic component
and provided at the first surface of the flexible body, and arranged to operably interface
with the external circuit after bonding, and

at least one support element provided at the first surface of the flexible body, each
support element arranged to contact a corresponding surface element disposed on a first

surface of an external structure comprising the external circuit.

2. The flexible electronic structure of claim 1, wherein one or more of the at least one
support element, the at least one contact element, the external circuit and the

corresponding surface element comprises a conductive metallic ink.

3. The flexible electronic structure of claim 1 or claim 2, wherein the at least one
support element is arranged to provide optical shielding of one or more of the at least one

electronic component.

4. The flexible electronic structure of any previous claim, wherein the at least one
support element is arranged to provide shielding to one or more of electro-magnetic

interference and radiation, for one or more of the at least one electronic component.

5. The flexible electronic structure of any previous claim, wherein the at least one

support element is thermally connected to the at least one electronic component.

6. The flexible electronic structure of claim 5, wherein the at least one support

element provides heat spreading or heat sinking for the at least one electronic component.

7. The flexible electronic structure of any previous claim, wherein the at least one
support element and the at least one contact element are formed on the first surface by

one of a photolithographic technique, laser ablation and printing.



10

15

20

25

30

35

WO 2020/234582 PCT/GB2020/051221

22

8. The flexible electronic structure of any previous claim, wherein the at least one
support element and the at least one contact element comprise the same one or more

materials.

9. The flexible electronic structure of any previous claim, wherein the flexible
electronic structure comprises a plurality of contact elements, wherein the at least one
support element is provided between two contact elements of the plurality of contact

elements.

10. The flexible electronic structure of any previous claim, wherein the flexible
electronic structure comprises a plurality of support elements, each arranged to contact
and electrically connect to a corresponding surface element disposed on the surface of

external structure, wherein each surface element is an antenna track.

11. The flexible electronic structure of any previous claim, wherein a thermoplastic is
provided around the at least one support element to form an underfill between the flexible

electronic structure and the external structure.

12. The flexible electronic structure of any previous claim, wherein the at least one
contact element and the at least one support element are formed in a redistributive layer,

RDL, of the flexible electronic structure.

13. The flexible electronic structure of any previous claim, wherein each support
element is configured to bond with the corresponding surface element via a conductive,

adhesive, curable fluid, or via sintered metallic ink.

14. The flexible electronic structure of any of claims 1 to 12, wherein at least one of:

a contact element of the at least one contact element is formed to have one or
more protrusions arranged to penetrate a corresponding contact element of the external
circuit during bonding;

a contact element of the at least one contact element is arranged to be penetrated
by one or more protrusions of a corresponding contact element of the external during
bonding; and

a contact element of the at least one contact element is formed to have one or
more protrusions arranged to penetrate an electronic component of the external circuit

during bonding.
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15. The flexible electronic structure of claim 14, wherein the one or more protrusions
are for forming an electrical connection to the external circuit when the flexible electronic

structure is bonded with the external circuit.

16. The flexible electronic structure of claim 15, wherein the electrical connection to the
external circuit is for the communication of signals to be transmitted by or received by an

antenna of the external circuit.

17. The flexible electronic structure of any of claims 14 to 16, wherein a non-conductive
adhesive fluid is provided between the flexible electronic structure and the external

structure.

18. The flexible electronic structure of any previous claim, wherein the flexible

electronic structure is a thin-film integrated circuit, IC, or a flexible IC.
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INTERNATIONAL SEARCH REPORT PCT/GB2020/051221
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-3, 7-9, 11, 13, 18

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-3, 7-9, 11, 13, 18

Flexible electronic structure comprising contact elements
and a support element adapted for connection to an external
circuit, with the dependent claims detailing further
features relating to the materials, arrangement of the
support element or details of the electronic component.

2. claims: 4, 10, 12

Flexible electronic structure comprising contact elements
and a support element adapted for connection to an external
circuit in which the support element is electrically
conductive and provides in addition electrical
functionality.

3. claims: 5, 6

Flexible electronic structure comprising contact elements
and a support element adapted for connection to an external
circuit, in which the shield member provides in addition a
heat-sink function for the structure.

4. claims: 14-17

Flexible electronic structure comprising contact elements
and a support element adapted for connection to an external
circuit, in which the contact element comprises protrusions
that are adapted to penetrate an opposing contact element.
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