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CONNECTING ELECTRONIC COMPONENTS TO MOUNTING SUBSTRATES
Field of the Invention

The present invention relates to the connecting of electronic components to
mounting substrates. More particularly, the invention relates to electronic
components mounted on mounting substrates and to methods of connecting
electronic components to mounting substrates.

Technical Background

Various technologies have been developed for connecting electronic
components to mounting substrates, for example to printed circuit boards (PCBs)
and to other mechanical supports. In general, two approaches are used for
connecting an electronic component to conductive tracks or pads present on a
mounting substrate: either an electric terminal or pad of the electronic component
is directly soldered or bump-bonded to a conductive track or pad on the mounting
substrate, or an interconnection element such as a wire or ribbon is used to
interconnect an electric terminal or pad of the electronic component to a
conductive track or pad on the mounting substrate.

Usually soldering or bump bonding is used to connect a conductive pad or
track on the mounting substrate to a conductor located on a surface of the
electronic component which faces the mounting board, and wire or ribbon bonding
is used to connect a conductive pad or track on the mounting substrate to a
conductor located on a surface of the electronic component which faces away from
the mounting substrate. Bonding wires can have different diameters, usually
depending on the current that is to pass through. When currents are high, a ribbon
is used. Bonding wires are generally made of gold, aluminum or copper. Ribbons
are usually made of aluminum. When the operating frequency of the electronic
component is high, a wire bond is preferred. However, a wire bond introduces a
parasitic inductance which, at high frequency, can prevent the signal from passing
from one part of the circuit to another part of the circuit.

US 2004/0229418 describes a chip component mounted on a circuit board.
Interconnects are formed to connect electrodes on a face of the chip remote from
the circuit board to external terminals made of solder on the circuit board. The
interconnects may be formed by ink-jet spraying of conductive particles dispersed
in a dispersant, then processing to solidify the conductive particles. The
interconnects may be sprayed over insulating material provided at the side of the
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chip, in which case, the height of the insulating material is controlled with the aim
of reducing the risk that the interconnects passing over the insulating material will
break. The interconnects appear to be a source of mechanical weakness in the
described structure.

The present invention has been made in the light of the above problems.
Summary of the Invention

The present invention provides a method of connecting an electronic
component on a mounting substrate, comprising: arranging the electronic
component on the mounting substrate with a first surface of the electronic
component facing the mounting substrate and a second surface of the electronic
component facing away from the mounting substrate, the first and second surfaces
of the electronic component being opposite to each other; and electrically
connecting a first component-side conductor on the second surface of the
electronic component to a first substrate-side conductor on the mounting substrate
by applying electrically-conductive adhesive in the form of electrically-conductive
paste between the first component-side conductor and the first substrate-side
conductor, and solidifying the electrically-conductive paste by a heating process.

The use of electrically-conductive adhesive to connect the first component-
side conductor to the first substrate-side conductor enables a reduction to be
achieved in the parasitic inductance that is observed in the case where the
electronic component operates at high frequencies. In particular, useful reductions
parasitic inductance may be obtained in the case where the electronic component
is configured to operate in an operating frequency range that comprises
frequencies higher than 1 GHz. Furthermore, because the electrical connection
between the component-side conductor and the substrate-side conductor is
achieved using adhesive, the mounting of the component to the mounting
substrate is made more robust.

In the above method, a second component-side conductor on the
component may be shielded from the electrically-conductive adhesive by applying
an electrically-insulating paste to the second component-side conductor before
applying the electrically-conductive adhesive.

Application of the electrically-insulating paste before application of the
electrically-conductive adhesive makes it possible to avoid undesirable short circuits
by a simple technique which does not complicate the manufacturing process.
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The first component-side conductor may be electrically connected to
conductor portions provided on the mounting substrate at opposite sides of the
electronic component, using a common portion of electrically-conductive adhesive.
The conductor portions provided on the mounting substrate at opposite sides of
the electronic component may be individual conductors or they may be parts of a
common conductor. In the case where the conductor portions are parts of a
common conductor that surrounds the electronic component on the mounting
substrate, the electrically-conductive adhesive may be applied as a roughly dome-
shaped bead of paste that covers the electronic component and makes contact
with the common conductor on all sides of the electronic component.

In the case where a common portion of electrically-conductive adhesive
electrically connects the first component-side conductor to conductor portions on
either side of the electronic component, the common portion of electrically-
adhesive material spans across the electronic component on the side thereof
remote from the mounting substrate and makes an additional contribution to
reducing parasitic inductance.

The present invention further provides a device comprising an electronic
component mounted on a mounting substrate, the electronic component having a
first surface facing the mounting substrate and a second surface facing away from
the mounting substrate, the first and second surfaces of the electronic component
being opposite to each other, the device comprising: electrically-conductive
adhesive electrically connecting a first component-side conductor on the second
surface of the electronic component to a first substrate-side conductor on the
mounting substrate.

As noted above, because the first component-side conductor is connected to
the first substrate-side conductor by the electrically-conductive adhesive a
reduction may be achieved in parasitic inductance that is observed in the case
where the electronic component operates at high frequencies.

In certain embodiments of the device electrically-insulating paste may be
present, shielding a second component-side conductor from the -electrically-
conductive adhesive. In this manner short-circuits can be avoided by a simple
technique.

In certain embodiments of the method and device according to the
invention, the electrically-conductive paste may comprise resin and particles of
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electrically-conductive material, and the -electrically-conductive paste may be
polymerized and solidified by the heating process. The heating process may
involve heating to a temperature in the range from 100°C to 150°C. As an
example, the electrically-conductive particles may include particles of silver.

In the past electrically-conductive paste containing silver has been used in
connection with mounting substrates, notably to create or repair conductive tracks
provided on a mounting substrate, to interconnect different layers in a multi-layer
mounting board and to bond components to substrates which are resistant to
soldering. However, unexpectedly, the inventor has discovered that use of
electrically-conductive adhesive to interconnect a substrate-side conductor to a
component-side conductor which is provided on a surface facing away from the
mounting substrate makes it possible to reduce parasitic inductance in the case
where the electronic component operates at high frequencies.

Electrically-conducting adhesive may also be applied between the first
surface of the component and the facing surface of the mounting substrate.
Furthermore, electrically-conductive material may be provided on a rear surface of
the mounting substrate remote from the surface on which the electronic
component is mounted. In this manner the mounted electronic component is
surrounded by electrically-conductive material and parasitic inductance may be
further reduced.

Brief Description of the Drawings

Further features and advantages of the present invention will become
apparent from the following description of certain embodiments thereof, given by
way of illustration only, not limitation, with reference to the accompanying
drawings in which:

FIG. 1 illustrates steps in a method of connecting an electronic component
on a mounting substrate, according to an embodiment of the invention, in which
Figs.1A to 1D illustrate different stages in the method;

FIG. 2 is a diagram representing a perspective view of an electronic
component connected on a mounting substrate following implementation of the
method according to Fig.1;

FIG. 3 is a photograph showing a top view of an electrical connection made
according to the method of Fig.1;
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FIG. 4 is a diagram representing a side cross-sectional view through another
example of an electronic component connected to a mounting substrate according
to an embodiment of the invention, and

FIG.5 is a graph showing how the magnitude of an electrical signal through
an electronic component varies with operating frequency in a device according to
an embodiment of the invention and in a comparative example.

Detailed Description of Example Embodiments

Embodiments of the invention do away with wire bonding, or bonding using
a ribbon, and instead make use of a conductive adhesive directly placed on the
electronic component and spread to the electrical track (or other conductor) on the
mounting substrate. This process may be referred to as “glue bonding”. In certain
embodiments the electrically-conductive adhesive may be applied as a paste and
then solidified at a desired temperature. If necessary, a non-conductive paste may
be placed on the electronic component beforehand if the component requires it, to
avoid short circuits. Of course, if desired an electronic component may be
connected to a mounting board using glue bonding as well as one or more other
bonding techniques, for example wire bonding, ribbon bonding and soldering
(typically, the different bonding techniques are used to establish respective
different electrical connections).

A method according to a first embodiment of the invention will now be
described with reference to Figs.1 to 3.

Fig.1A illustrates the case of an electronic component 1 which is intended
for mounting on a mounting substrate 2. In this example the mounting substrate 2
is a printed circuit board and has two conductors, 21 and 22, on one surface
thereof. In this example each of the conductors 21, 22 on the mounting substrate
2 is a respective conductive track. In this example the electronic component 1 is
intended to be mounted on the substrate 2 in the orientation illustrated in Fig.1B,
that is, with a first major surface 1a of the electronic component 1 facing towards
the mounting substrate 2 and the opposite major surface 1b of the electronic
component 2 facing away from the mounting substrate 2. Further, in this example
the circuit design requires a first component-side conductor, conductor 10, on the
second surface 1b of the electronic component 1 to be electrically connected to
track 22 on the mounting substrate 2. In this case track 22 on the mounting
substrate 2 is a substrate-side conductor as mentioned in the appended claims.
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In this example the electronic component 1 has an electrically-conductive
base portion 12 which is intended for electrical connection to electrically-conductive
track 21 on the mounting substrate, and there are insulating pads 11 at the sides
of the conductor 10. Although not visible in the figures, there is an insulating layer
between the base portion 12 of the component 1 and the conductor 10 which is
located on the surface 1b of the component.

As shown in Fig.1B, in a first stage of the connecting method according to
the present embodiment of the invention the electronic component 1 is placed on
the mounting substrate 2 with the surface la thereof facing towards the substrate
2. In the example implementation of the embodiment illustrated in Fig.1,
electrically-conductive adhesive 3 is used to stick the underside of the electronic
component 1 to electrically-conductive track 21 on the mounting substrate 2,
however this is not essential. For instance, if no electrical connection is required
(e.g. in a case where base portion 12 is not electrically-conductive) a non-
conductive adhesive may be used to bond surface 1a to the substrate 2 and track
21 may be omitted or may be non-conductive. Similarly, other techniques may be
used to keep the component 1 in position on the substrate 2 and/or to
mechanically connect part or all of the surface 1a of the electronic component 1 to
the substrate 2 in a temporary or permanent manner.

An advantage of providing electrically-conductive adhesive 3 between the
electronic component 1 and the mounting substrate 2 is that thereby a reduction in
parasitic inductance may be obtained.

As a non-limiting example, the electrically-conductive adhesive 3 may be
made of a carrier material loaded with conductive material is (e.g. in the form of
conductive particles made of silver or other materials). The carrier material may be
made from various types of resins, polyimides or epoxys which polymerize at room
temperature or between 100°C and 150°C. For example, the conductive adhesive
may be an adhesive from the Epo-Tek® family commercialized by FTPolymer, a
conductive adhesive from the Elecolit® family commercialized by Electo-EFD, and
so on. In some embodiments, two-part adhesives or UV-cured adhesives may also
be used. In respect of the conductive material provided in the adhesive, it is
advantageous to use silver in view of the relatively low resistivity thereof.
However, other conductive materials (gold, etc.) may be used if desired.
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In the example implementation that is illustrated in Fig.1, part of the
electrically-conductive base portion 12 of the component 1 is exposed at a location
between the first component-side conductor 10 and the substrate-side conductor
22. So, to avoid a potential short-circuit later on, an electrically-insulating paste 5
is applied to the component 1 to cover the exposed part of the base portion 12, as
illustrated in Fig.1C. The electrically-insulating paste 5 serves to shield the
exposed part of the base portion 12 during subsequent processes.

In the example illustrated in Fig.1 the electrically-insulating paste 5 serves
to shield the base portion 12 of the component 1 from contact with electrically-
conductive paste 6 described below which is subsequently applied. However the
electrically-insulating paste 5 may be used in general to shield any component-side
conductor, other than first component-side conductor 10, from contact with the
electrically-conductive paste 6. In this document the expression “second
component-side conductor” encompasses substantially any conductive portion of
the component 1 which requires shielding from the electrically-conductive paste 6.
Of course, depending on the design of the electronic component 1 to be connected
on the mounting substrate 2 there may be no need to provide the electrically-
insulating paste 5 and the stage illustrated by Fig.1C may be omitted.

The electrically-insulating paste 5 may be made of various suitable
materials. In a non-limiting example the electrically-insulating paste 5 may be
made of the same types of carrier materials as are noted above for the electrically-
conductive adhesive 3. An advantage of using electrically-insulating material 5 in
the form of a paste is that the paste easily adapts to the contours of the underlying
component 1 as the paste is being applied. However, the invention is not limited
to the use of electrically-insulating material in the form of a paste for providing
shielding from the adhesive 6; other forms of shielding/insulation may be used.

As illustrated in Fig.1D, an electrically-conductive paste 6 is deposited
between the first component-side conductor 10 and the first substrate-side
conductor 22 so as to enable an electrical connection (a so-called “glue bond”) to
be made between the conductors 10 and 22.

The electrically-conductive adhesive 6 is made of a material which has a
degree of flexibility at room temperature and can be easily spread from the
electronic component 1 to the conductive track 22. Thereafter the electrically-
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conductive adhesive 6 is subjected to a solidification process to form the glue
bond.

For instance, the electrically-conductive adhesive 6 may be a thermosetting
polymer material comprising particles of electrically-conducting material, for
example it may be a thermo-setting resin containing silver particles. In such a case
the electrically-conductive adhesive 6 may be solidified by a heating process, for
example heating to a temperature in the range from 100°C to 150°C. The
electrically-conductive adhesive 6 may be made of the same materials as those
noted above in relation to the electrically-conductive adhesive 3.

The above-described process for forming a glue bond involves application of
a temperature lower than is typically used when electronic components are
connected to mounting substrates by soldering — typically tin solder (with or
without lead) is solid at room temperature and requires melting at a temperature
above 180°C (227°C for lead-free tin).

In the case of using electrically-conductive adhesive to achieve the electrical
connection between the substrate-side conductor and the component-side
conductor located on the surface of the electronic component that faces away from
the mounting substrate, the adhesive properties of the connecting material
increase the firmness with which the electronic component is mounted to the
mounting substrate.

A glue bond according to the invention allows to avoid partially the
discontinuity in impedance which normally arises when a wire bond is used to
make the top connection (i.e. a connection to a conductor on the side of the
component remote from the mounting substrate).

Figs.2 and 3 illustrate the mounted component 1 after the glue bond has
been formed. Fig.2 is a diagram and Fig.3 is a photograph showing a top view of a
glue bond. In the examples illustrated by Figs.1 to 3 the glue bond is formed over
the electrically-insulating material 5 and so there is no short-circuit between the
conductors 10, 22 and the second component-side conductor (base portion 12 in
this example).

Another embodiment of the invention is illustrated in Fig.4. In the example
illustrated in Fig.4 a first component-side conductor (not shown) at the top of the
electronic component 1 is connected electrically by a common glue bond 6 to a
substrate-side conductor 41 having portions on either side of the electronic
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component 1. Again in this example, an electrically-insulating material 5 shields
other component-side conductors (not shown) from the glue bond.

As illustrated in the example of Fig.4, in devices according to the invention
additional electrically-conductive material may be provided around the electronic
component 1 and mounting substrate 2. For instance, electrically-conductive
material may be provided at one or more of the following locations: between the
first side 1a of the electronic component 1 and the mounting substrate 2 as in the
example of Fig.1 (i.e. material indicated at 3 in Fig.4), on the rear surface 2a of the
mounting substrate (i.e. material indicated at 32 in Fig.4), and in a via or through-
hole extending between the major surfaces of the mounting substrate 2 (i.e.
material indicated at 33 in Fig.4). In the case where additional electrically-
conductive material is provided in this way, a further reduction in parasitic
inductance may be obtained. It will be appreciated that in the configuration
illustrated in Fig.4 the rear side 1a of the electronic component 1 is connected, by
the electrically-conductive material 33 in the via, to the conductive material 32
provided on the rear side 2a of the mounting substrate 2.

It has been found that in the case where the electrical connection between
a substrate-side conductor and a component-side conductor on the surface of the
component remote from the substrate (e.g. conductors 10 and 22 in Fig.1) is
formed using a glue bond according to the invention then there is a significant
reduction in parasitic impedance when operating the electronic component 1 at
high frequencies. This finding is illustrated in Fig.5.

Fig.5 shows how the transfer function S21 varies in frequency for an
electronic component connected on a mounting substrate using a glue bond
according to the invention. In this example the mounted electronic component
was a capacitor having a footprint of size 250pm by 250um. A second trace in
Fig.5 shows how signal magnitude varies with operating frequency for a
comparative example in which another example of the electronic component is
connected on the same design of mounting substrate using a bonding wire.

It can be seen form Fig.5 that, for the comparative example, the signal
magnitude deteriorates progressively as the operating frequency increases. In
contrast, for the example according to an embodiment of the invention the signal
magnitude does not have a clear pattern of decrease with frequency. The
improvement in signal magnitude achieved according to the invention becomes
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noticeable as operating frequency increases beyond 1 GHz and becomes
increasingly significant as frequency continues to increase. The improved
performance is particularly significant at and above 4GHz. It is understood that the
improved performance is achieved because the use of glue bonding according to
the invention enables parasitic inductance to be reduced.

Additional Variants
Although the present invention has been described above with reference to

certain specific embodiments, it will be understood that the invention is not limited
by the particularities of the specific embodiments.  Numerous variations,
modifications and developments may be made in the above-described
embodiments within the scope of the appended claims.
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CLAIMS

1. A method of connecting an electronic component (1) on a mounting
substrate (2), comprising:

arranging the electronic component (1) on the mounting substrate (2) with
a first surface (1a) of the electronic component facing the mounting substrate and
a second surface (1b) of the electronic component facing away from the mounting
substrate, the first and second surfaces (1a,1b) of the electronic component being
opposite to each other; and

electrically connecting a first component-side conductor (10) on the second
surface (1b) of the electronic component (1) to a first substrate-side conductor
(22) on the mounting substrate (2) by applying electrically-conductive adhesive (6)
in the form of electrically-conductive paste between the first component-side
conductor (10) and the first substrate-side conductor (22), and

solidifying the electrically-conductive paste by a heating process.

2. The connecting method of claim 1, and comprising the step of
shielding a second component-side conductor (12) on the component (1) from the
electrically-conductive paste (6), by applying an electrically-insulating paste (5) to
the second component-side conductor (12) before applying the electrically-
conductive paste (6).

3. The connecting method of claim 1, wherein the step of electrically
connecting the first component-side conductor (10) comprises using a common
portion of electrically-conductive adhesive (6) to electrically connect the first
component-side conductor (10) to conductor portions (41) provided on the
mounting substrate (2) at opposite sides of the electronic component (1).

4, The connecting method of claim 1, wherein the -electrically-
conductive paste comprises resin and particles of electrically-conductive material,
and the electrically-conductive paste is polymerized and solidified by the heating
process.
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5. The connecting method of claim 1, wherein the heating process
comprises heating to a temperature in the range from 100°C to 150°C.

6. The connecting method of claim 1, and comprising providing
electrically-conducting adhesive (3) between the first surface (1a) of the
component and the mounting substrate (2).

7. The connecting method of any previous claim, wherein the arranging
comprises arranging the electronic component (1) on a mounting substrate (2)
comprising electrically-conductive material (32) on a rear surface thereof, said rear
surface being remote from the electronic component (1).

8. A device comprising an electronic component (1) mounted on a
mounting substrate (2), the electronic component (1) having a first surface (1a)
facing the mounting substrate and a second surface (1b) facing away from the
mounting substrate, the first and second surfaces (1a,1b) of the electronic
component being opposite to each other, the device comprising:

electrically-conductive adhesive (6) electrically connecting a first
component-side conductor (10) on the second surface (1b) of the electronic
component (1) to a first substrate-side conductor (22) on the mounting substrate

).

0. The device according to claim 8, comprising: a second component-
side conductor (12) on the electronic component (1), and electrically-insulating
paste (5) shielding the second component-side conductor from the electrically-
conductive adhesive (6).

10.  The device according to claim 8, wherein the first component-side
conductor (10) is connected to a pair of conductor portions (41) provided on the
mounting substrate (2) at opposite sides of the electronic component (1) by a
common adhesive portion (6).

11.  The device according to claim 8, wherein the electrically-conductive
adhesive comprises resin and particles of electrically-conductive material.
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12.  The device according to claim 8, wherein the particles of electrically-

conductive material comprise silver particles.

13. The device according to claim 8, and comprising electrically-
5 conducting adhesive (3) connecting the first surface (1a) of the electronic
component (1) to the mounting substrate (2).

14. The device according to claim 8, and comprising electrically-
conductive material on the rear surface of the mounting substrate (2) remote from
10 the component (1).

15. The device according to any one of claims 8 to 14, wherein the
operating frequency range of the electronic component includes frequencies higher
than 1 GHz.

15
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