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(57) ABSTRACT

A power electronics assembly for an electric motor control-
ler. The power electronics assembly comprises an insulated
metal substrate, a composite material substrate, and a bolt
having a bolt head and a bolt shaft for mechanically coupling
the composite material substrate to the insulated metal
substrate. The power electronics assembly also includes an
electrically conductive sleeve configured to be held between
a first electrical contact carried by the insulated metal
substrate and a second electrical contact carried by the
composite material substrate and the bolt is configured to
clamp the composite material substrate to the insulated
metal substrate to force the electrically conductive sleeve
against the first electrical contact and the second electrical
contact.
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1
POWER ELECTRONICS ASSEMBLY

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

FIELD OF INVENTION

The present invention relates to an electronics assembly,
for example a power electronics assembly, for coupling a
first circuit board to a second circuit board, and a method of
manufacturing an electronics assembly.

BACKGROUND

Power electronics assemblies may find applications in
vehicles, for example electric vehicles. Such power elec-
tronics assemblies may receive direct current (DC) power
and convert DC power into alternating current (AC) power
for use in operating an electric motor. These power assem-
blies may comprise elements of the power electronics that
evolve considerable heat when in use.

The present disclosure aims to address technical problems
associated with power electronics assemblies that may get
hot in use.

SUMMARY

Aspects and examples of the present invention are set out
in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the disclosure will now be described in detail,
by way of example only, with reference to the accompanying
drawings, in which:

FIG. 1 shows a perspective view of a power electronics
assembly for an electric vehicle shown in FIG. 1;

FIG. 2 shows a cross-section through a portion of the
power electronics assembly shown in FIG. 1;

FIG. 3 shows a cross-section through another portion of
the power electronics assembly shown in FIG. 1;

FIG. 4 shows a perspective view of an electrically con-
ductive sleeve for use in a power electronics assembly of any
of FIGS. 1 to 3;

FIG. 5 shows a plan view of the power electronics
assembly of FIG. 1; and

FIG. 6 shows a cross-section along the line A-A shown in
FIG. 5.

DETAILED DESCRIPTION

The present disclosure makes reference to FIGS. 1 to 6,
and relates to a power electronics assembly 100 which
comprises a bolt 106 for coupling a composite material
substrate (CMS) 101 to an insulated metal substrate (IMS)
103. The power assembly 100 is configured to clamp an
electrically conductive sleeve 115 between the CMS 101 and
the IMS 103 to electrically couple elements on the CMS 101
to elements on the IMS 103. An electrically insulating sleeve
111 surrounds the bolt 106, and is surrounded by the
electrically conductive sleeve 115. The electrically insulat-
ing sleeve 111 is also arranged between the CMS 101 and the
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IMS 103. The electrically insulating sleeve 111 electrically
insulates conductive elements on the CMS 101 from the bolt
106, and in some examples, conductive elements on the IMS
103 from the bolt 106. The power assembly 100 is adapted
so that electrically conductive portions of the assembly 100
are separated by a distance greater than a predetermined
distance. Embodiments of the disclosure have particular
usefulness in vehicles, although other uses are envisaged.

As shown in FIGS. 1 and 2, power electronics assembly
100 comprises a CMS 101 and an IMS 103. The IMS 103 is
coupled to a heat sink 102. The IMS 103 carries a first
printed circuit board that comprises elements of the power
electronics such as controllable impedances, for example
insulated gate bipolar transistors (IGBTs). The controllable
impedances act as an inverter to invert DC current to AC
current. The CMS 101 carries a second printed circuit board
that comprises elements of the power provider 175 for
providing power to be supplied to an electric motor via the
controllable impedances, for example capacitors, for
example decoupling capacitors or DC capacitors. The ele-
ments of the power provider 175 may smooth current and/or
voltage ripple and provide power to the elements of the
power electronics to be inverted. The elements of the power
electronics may evolve considerable heat when in use.
Accordingly, the IMS may expand and/or move in use due
to thermal expansion. Providing the elements of the power
electronics on a separate circuit board to the elements of the
power provider 175 may help protect the elements of the
power provider 175 from the heat evolved from the elements
of'the power electronics, and may protect the elements of the
power provider 175 from thermal expansion and/or move-
ment due to the thermal expansion.

The CMS 101 and the IMS 103 are arranged parallel to
each other with a predetermined stand-off spacing between
them. A first electrical contact 160 is provided on the IMS
103 and is electrically coupled to the elements of the power
electronics. A second electrical contact 162 is provided on
the CMS 101 and is electrically coupled to the elements of
the power provider 175. The first electrical contact 160 and
the second electrical contact 162 face each other across the
stand-off spacing.

The CMS 101 and the IMS 103 are clamped together by
a bolt 106. An electrically conductive sleeve 115 surrounds
the bolt 106 and is held in the stand-off spacing between, and
is electrically coupled to, the first electrical contact 160 of
the IMS 103 and the second electrical contact 162 of the
CMS 101.

With reference to FIG. 2, the bolt 106 comprises a bolt
shaft 105 and a bolt head 107. The bolt head 107 is wider
than the bolt shaft 105. The bolt head 107 comprises a
female mating portion so that the bolt 106 can be tightened
using a tool having a corresponding male mating portion.

Interposed between the bolt 106 and the electrically
conductive sleeve 115 is electrically insulating sleeve 111.
The electrically insulating sleeve 111 acts as a non-conduc-
tive spacer between the bolt shaft 105 and the electrically
conductive sleeve 115, and the bolt head 107 and the CMS
101. The electrically insulating sleeve 111 comprises an
electrically insulating wall 113 that stands proud of the CMS
101, on a side of the substrate 101 that is opposite to the
second electrical contact 162.

The electrically conductive sleeve 115 is generally tubular
shaped and is made from a conductive material, for example
a metal such as copper, steel or aluminum. The electrically
conductive sleeve 115 extends in a longitudinal direction
corresponding to the longitudinal direction of the bolt 106
across the stand-off spacing.
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The electrically conductive sleeve 115 is configured so
that a distance of closest approach between an interior
surface of the electrically conductive sleeve 115 and the bolt
shaft 105 is at least a first predetermined distance. For
example, the first predetermined distance may be at least 0.1
mm, at least 0.2 mm, at least 0.3 mm, at least 0.5 mm, at least
0.7 mm, at least 1.0 mm, at least 1.5 mm, at least 2.0 mm.

As shown in FIG. 2, the electrically conductive sleeve 115
comprises a first internal diameter 123 and a second internal
diameter 125. The second internal diameter 125 is greater
than the first internal diameter 123. The second internal
diameter 125 is selected so that a surface 119 of the IMS 103
is exposed inside the electrically conductive sleeve 115 over
at least a second predetermined distance. For example, the
second predetermined distance may be at least 0.1 mm, at
least 0.2 mm, at least 0.3 mm, at least 0.5 mm, at least 0.7
mm, at least 1.0 mm, at least 1.5 mm, at least 2.0 mm.

The IMS 103 is coated in a layer of insulating material
117, for example a polyamide such as Kapton. The IMS 103
comprises a hole 121 for receiving the bolt 106 there-
through. The internal surface of the hole 121 in the IMS 103
does not comprise a layer of insulating material, and exposes
an electrically conductive portion of the IMS 103.

The internal chamfer 127 between the second internal
diameter 125 and the first internal diameter 123 of the
electrically conductive sleeve 115 is configured to increase
the distance of closest approach between the electrically
conductive sleeve 115 and the edge of the hole 121 so that
it is greater than or equal to the second predetermined
distance. The second internal diameter 125 of the electrically
conductive sleeve 115 is configured so that, in a longitudinal
direction of the electrically conductive sleeve 115, the depth
of the second internal diameter 125 is greater than or equal
to the second predetermined distance.

The CMS 101 also comprises a hole 129 for receiving the
bolt 106 therethrough. The hole 129 in the CMS 101 is wider
than the bolt shaft 105 but narrower than the bolt head 107,
such that the bolt shaft 105 can pass through the CMS 101
to clamp the CMS 101 to the IMS 103.

The heat sink 102 also comprises a hole or recess 130 for
receiving the bolt 106 therethrough. The hole 121 in the IMS
103 is larger than the hole 130 in the heat sink 102. In the
example shown in FIG. 2, the hole 129 in the CMS 101 is
larger than the hole 121 in the IMS 103, but in the example
shown in FIG. 3, the hole 129 in the CMS 101 is smaller than
the hole 121 in the IMS 103. The hole or recess 130 in the
heat sink 102, and the bolt shaft 105, are threaded, so that the
bolt 106 engages and mechanically couples to the heat sink
102.

In the example shown in FIG. 2, the electrically insulating
sleeve 111 is at least 0.7 mm thick and is made from a
non-compressible material, for example a glass-filled nylon
material. In the example shown in FIG. 2, the electrically
insulating sleeve 111 has an external diameter that is less
than the internal diameter of the hole 121 in the IMS 103 to
provide an air gap between the electrically insulating sleeve
111 and an internal side of the hole 121 in the IMS 103.

The electrically insulating wall 113 at least partially
surrounds the bolt head 107. In the example shown in FIG.
2, the electrically insulating wall 113 is provided by an
electrically insulating cup in which the bolt head 107 is
seated when the CMS 101 is clamped to the IMS 103 by the
bolt 106. In the example shown in FIG. 2, an internal
diameter of the electrically insulating wall 113 is therefore
greater than the greatest diameter of the bolt head 107.

The bolt 106 is configured to clamp the CMS 101 to the
IMS 103 to force the electrically conductive sleeve 115
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against the first electrical contact 160 and the second elec-
trical contact 162 for electrical coupling with the control-
lable impedances. A clamping force provided by the bolt 106
urges the IMS 103 against the heat sink 102 to thermally
couple the controllable impedances to the heat sink 102. The
clamping force is transmitted through the electrically con-
ductive sleeve 115.

The electrically insulating wall 113 may be configured so
that a distance of closest approach between the bolt head 107
and the surface 131 of the CMS 101 is at least a third
predetermined distance. For example, the third predeter-
mined distance may be at least 0.1 mm, at least 0.2 mm, at
least 0.3 mm, at least 0.5 mm, at least 0.7 mm, at least 1.0
mm, at least 1.5 mm, at least 2.0 mm.

Any of the first, second, third and fourth predetermined
distances may correspond to any of the other first, second,
third and fourth predetermined distances. The first, second,
third and fourth predetermined distances may be selected to
inhibit dielectric breakdown, for example of air or accreted
matter, over that distance.

The CMS 101 may comprise, for example a fiberglass
material, for example it may be an FR4 board. The IMS 103
may comprise, for example, an aluminum substrate insulated
with a layer of a dielectric such as a polyamide, for example
Kapton. The CMS 101 may also comprise an insulating
layer of dielectric 131, for example polyamide, for example
Kapton. In some examples, the IMS 103 is coupled to a heat
sink 102, for example a heat sink. The IMS 103 may be
coupled to the heat sink 102, for example, via a thermally
conductive paste applied to the heat sink 102, and mechani-
cally coupled, for example, via alignment screws 190.

The IMS 103 may also comprise at least one power
terminal 150 electrically coupled to the controllable imped-
ances. For example, one power terminal 150 may be coupled
to a DC bus, and another power terminal 150 may be
coupled to an AC bus. The CMS 101 may further comprise
at least one hole 152 for each power terminal 150 to pass
therethrough. The CMS 101 and/or the IMS 103 may
comprise other functionality which may include, for
example, microprocessors, power supplies, capacitors and
inductors configured for control filtering and conditioning.

The electrically insulating wall 113 may be configured so
that a distance of closest approach between the bolt head 107
and a power terminal 150 projecting through a hole is at least
a fourth predetermined distance. For example, the fourth
predetermined distance may be at least 0.1 mm, at least 0.2
mm, at least 0.3 mm, at least 0.5 mm, at least 0.7 mm, at least
1.0 mm, at least 1.5 mm, at least 2.0 mm.

The first 160 and/or second 162 electrical contacts may
comprise a portion where an insulating layer of dielectric
has been removed to expose an electrically conductive
surface below. In some examples, a void between the surface
117 of the IMS 103 and the electrically conductive sleeve
115 is filled with an insulating material.

In the example shown in FIG. 2, the bolt 106 is arranged
to clamp the electrically conductive sleeve 115 against the
first electrical contact 160 to provide a gas tight seal between
the electrically conductive sleeve 115 and the first electrical
contact 160. In the example shown in FIG. 2, the bolt 106
is also arranged to clamp the electrically conductive sleeve
115 against the second electrical contact 162 to provide a gas
tight seal between the electrically conductive sleeve 115 and
the second electrical contact 162. In other examples, the bolt
106 is arranged to clamp the electrically conductive sleeve
115 against only one of the first electrical contact 160 and
the second electrical contact 162 to provide a gas tight seal
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with the electrically conductive sleeve 115, or may not be
arranged to provide a gas tight seal at all.

In some examples, for example as shown in FIG. 2, the
power electronics assembly 100 further comprises a washer
109 interposed between the bolt head 107 and a portion of
the electrically insulating sleeve 111 to distribute pressure
when the CMS 101 is clamped to the IMS 103 by the bolt
106. In the example shown in FIG. 2, an internal diameter
of the electrically insulating wall 113 is greater than an
external diameter of the washer 109.

The electrically conductive sleeve 115 may also comprise,
as illustrated in FIG. 2, an internal chamfer between the
second internal diameter 125 and the first internal diameter
123. In some examples, the first internal diameter 123 of the
electrically conductive sleeve 115 corresponds to at least the
diameter of the bolt 106 plus twice the thickness of the
electrically insulating sleeve 111. A surface 119 of the IMS
103 may be exposed inside the electrically conductive sleeve
115. The electrically insulating sleeve 115 may further
comprise a second and/or third internal chamfer. The second
and/or third internal chamfers may be at opposite ends of the
internal surface of the electrically insulating sleeve 115. For
example, the second internal chamfer may be between the
second internal diameter 125 and an end of the electrically
conductive sleeve 115. The third internal chamfer may be
between the first internal diameter 123 and an end of the
electrically conductive sleeve 115.

The electrically conductive sleeve 115 may comprise a
portion that extends into the hole 129 in the CMS 101, as
described in more detail below with reference to FIG. 4. An
example of an electrically conductive sleeve 115 such as this
one is shown in more detail in FIG. 4. In the example shown
in FIG. 4, the electrically conductive sleeve 115 comprises
a portion that extends into the hole 129 in the CMS 101. In
the example shown in FIG. 4, the electrically conductive
sleeve 115 comprises a portion with a first external diameter
and a portion with a second external diameter. The second
external diameter is smaller than the first external diameter.
Between the portion with the first external diameter and the
portion with the second external diameter there is a portion
with a surface 141 transverse to the longitudinal direction of
the electrically conductive sleeve 115. The portion with the
second external diameter comprises means for mechanically
engaging with the CMS 101, for example a protruding
portion, such as teeth 143.

The teeth 143 on the electrically conductive sleeve 115
are configured to engage with a portion of the CMS 101. For
example, the teeth 143 are configured to engage with an
interior surface of hole 129 in the CMS 101. The teeth 143
may be configured to press into the CMS 101 to improve the
mechanical and electrical contact between the electrically
conductive sleeve 115 and the CMS 115. For example, the
teeth 143 of the electrically conductive sleeve 115 may be
adapted to cut into the CMS 101 when the CMS 101 is
clamped to the IMS 103. The interior surface of hole 129 in
the CMS 101 may comprise a layer of conductive material,
for example a layer of solder that is electrically coupled to
the second electrical contact 162 and the elements of the
power provider 175. The teeth 143 are configured to press or
cut into the layer of solder to improve the electrical contact
between the electrically conductive sleeve 115 and elements
of the power provider 175 on the CMS 101.

The transverse portion 141 of the electrically conductive
sleeve 115 is configured to engage with the second electrical
contact 162 on the CMS 101. The electrically conductive

10

20

40

45

6

sleeve 115 also comprises a corresponding transverse por-
tion on its opposite end to engage with the first electrical
contact 160 on the IMS 103.

The electrically conductive sleeve 115 may only partially
surround the bolt 106. In some examples the electrically
conductive sleeve 115 may comprise a power terminal 150
for coupling to a source of power input or a power output.
The power terminal 150 may be adapted to extend through
the CMS 101, and the CMS 101 may comprise a corre-
sponding hole 152 for the power terminal 150 to pass
therethrough. For example, the power terminal 150 may
extend in a longitudinal direction greater than the stand-off
spacing between the IMS 103 and the CMS 101, so that the
power terminal 150 extends through the corresponding hole
152 in the CMS 101 and beyond a surface of the CMS 101
on a side of the CMS 101 that is opposite to the second
electrical contact 162. The power terminal 150 may be
configured to be clamped between the CMS 101 and the
insulated material substrate 103 by at least two bolts 106, for
example on opposing sides thereof.

The electrically insulating sleeve 111 may be at least 0.7
mm thick, at least 0.9 mm thick, at least 1.1 mm thick. The
electrically insulating sleeve 111 may be made from a
non-compressible material, for example a glass-filled nylon
material. The electrically insulating sleeve 111 may have an
external diameter that is less than the internal diameter of the
hole 121 in the IMS 103 to provide an air gap between the
electrically insulating sleeve 111 and an internal side of the
hole 121 in the IMS 103. In some examples, the bolt 106 is
electrically coupled to the IMS 103 so that, in use, the bolt
106 and the IMS 103 are at the same electrical potential. In
these examples, the electrically insulating sleeve 111 may
extend into the hole 121 in the IMS 103. The electrically
insulating sleeve 111 may extend into the hole 121 in the
IMS 103 for a distance less than the thickness of the IMS
103. For example, the electrically insulating sleeve 111 may
extend into the hole 121 in the IMS 103 by 0.1 mm, at least
0.2 mm, at least 0.3 mm, at least 0.5 mm, at least 0.7 mm,
at least 1.0 mm, at least 1.5 mm, at least 2.0 mm.

In the example shown in FIG. 2, the electrically insulating
wall 113 is configured to stand proud of the CMS 101 by a
distance greater than that at which the bolt head 107 stands
proud of the CMS 101. In some examples, the electrically
insulating wall is configured to electrically insulate the bolt
head 107 from a power terminal 150, as shown in FIG. 3.

In examples where the electrically insulating sleeve 111
comprises a cup for receiving the bolt head 107, the cup is
configured to at least partially surround the bolt head 107
and is shaped to increase an airgap, and thereby inhibit
dielectric breakdown, between the bolt head 107 and con-
ductive elements on the CMS 101, for example elements of
the power provider 175 and/or conductive debris accumu-
lated on the CMS 101. The cup may also be configured to
insulate the bolt head 197 from the power terminal 150, for
example the cup may be configured to inhibit dielectric
breakdown between the bolt head 107 and the power ter-
minal 150.

A method of manufacturing the power electronics assem-
bly may comprise preparing a heat sink 102 by applying a
thermally conductive paste to a surface thereof; coupling an
IMS 103 to the surface of the heat sink comprising the
thermally conductive paste via at least one alignment screw
190, wherein the IMS 103 carries controllable impedances
of'the power electronics assembly 100; coupling at least one
power terminal 150 to the controllable impedances of the
IMS 103; aligning a CMS 101 with the at least one power
terminal 150; passing an electrically insulating sleeve 111
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through a hole 129 in the CMS 101 and into a corresponding
recess or hole 121 in the IMS 103; and mechanically
coupling the CMS 101 to the IMS 103 by passing and
securing a bolt 106 through the electrically insulating sleeve
111 to clamp the CMS 101 to the IMS 103.

In some examples, the at least one power terminal 150
comprises an electrically conductive sleeve 115, and
mechanically coupling the CMS 101 to the IMS 103 com-
prises clamping the CMS 101 to the IMS 103 via the
electrically conductive sleeve 115, for example by forcing
the electrically conductive sleeve 115 against a first electri-
cal contact 160 on the IMS 103 and a second electrical
contact 162 on the CMS 101.

Other methods of manufacture may also be employed. For
example, elements of the power electronics assembly 100,
such as the electrically conductive sleeve 115 or the elec-
trically insulating sleeve 111, may be manufactured by way
of ‘3D printing’ whereby a three-dimensional model is
supplied, in machine readable form, to a ‘3D printer’
adapted to manufacture the/elements of the power electron-
ics assembly 100. This may be by additive means such as
extrusion deposition, Electron Beam Freeform Fabrication
(EBF), granular materials binding, lamination, photopoly-
merization, or stereolithography or a combination thereof.
The machine readable model comprises a spatial map of the
object to be printed, typically in the form of a Cartesian
coordinate system defining the object’s surfaces. This spatial
map may comprise a computer file which may be provided
in any one of a number of file conventions. One example of
a file convention is a STL (STereoLithography) file which
may be in the form of ASCII (American Standard Code for
Information Interchange) or binary and specifies areas by
way of triangulated surfaces with defined normals and
vertices. An alternative file format is AMF (Additive Manu-
facturing File) which provides the facility to specify the
material and texture of each surface as well as allowing for
curved triangulated surfaces. The mapping of the/elements
of the power electronics assembly may then be converted
into instructions to be executed by 3D printer according to
the printing method being used. This may comprise splitting
the model into slices (for example, each slice corresponding
to an x-y plane, with successive layers building the z
dimension) and encoding each slice into a series of instruc-
tions. The instructions sent to the 3D printer may comprise
Numerical Control (NC) or Computer NC (CNC) instruc-
tions, preferably in the form of G-code (also called RS-274),
which comprises a series of instructions regarding how the
3D printer should act. The instructions vary depending on
the type of 3D printer being used, but in the example of a
moving printhead the instructions include: how the print-
head should move, when/where to deposit material, the type
of material to be deposited, and the flow rate of the deposited
material.

The power electronics assembly 100 as described herein
may be embodied in one such machine readable model, for
example a machine readable map or instructions, for
example to enable a physical representation of elements of
the power electronics assembly 100, such as the electrically
conductive sleeve 115 or the electrically insulating sleeve
111, to be produced by 3D printing. This may be in the form
of a software code mapping of the antenna and/or instruc-
tions to be supplied to a 3D printer (for example numerical
code).

Other examples and variations are contemplated within
the scope of the appended claims.
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What is claimed is:

1. A power electronics assembly for an electric motor
controller comprising:

an insulated metal substrate carrying controllable imped-
ances of the power electronics assembly wherein the
insulated metal substrate is thermally coupled to the
controllable impedances;

a composite material substrate carrying elements of a
power provider for providing power to be supplied to
an electric motor via the controllable impedances;

a bolt comprising a bolt head and a bolt shaft for mechani-
cally coupling the composite material substrate to the
insulated metal substrate;

an electrically conductive sleeve configured to be held
between a first electrical contact carried by the insu-
lated metal substrate and a second electrical contact
carried by the composite material substrate and to at
least partially surround and be held in place by the bolt;

wherein the bolt is configured to clamp the composite
material substrate to the insulated metal substrate to
force the electrically conductive sleeve against the first
electrical contact and the second electrical contact for
electrical coupling with the controllable impedances;
and

an electrically insulating wall extending away from the
composite material substrate to define an insulative
cavity on a side of the composite substrate that is
opposite to the second electrical contact, wherein the
bolt head is at least partially contained within the
insulative cavity;

wherein the electrically insulating wall is part of an
electrically insulating sleeve, and wherein the electri-
cally conductive sleeve comprises a chamfer to expose
a surface of the insulated metal substrate between the
electrically conductive sleeve and the electrically insu-
lating sleeve.

2. The assembly of claim 1 wherein the electrically
insulating wall has a greater internal diameter than a part of
the electrically insulating sleeve that surrounds the bolt
shaft.

3. The assembly of claim 1 wherein the electrically
insulating wall is provided by an electrically insulating cup
in which the bolt head is seated when the composite material
is clamped to the insulated metal substrate by the bolt.

4. The assembly of claim 1 wherein a distance of closest
approach between an interior surface of the electrically
conductive sleeve and the bolt shaft is at least a first
predetermined distance.

5. The assembly of claim 1 comprising an electrically
insulating sleeve arranged between the bolt and the electri-
cally conductive sleeve, wherein the bolt is electrically
coupled to the insulated metal substrate so that, in use, the
bolt and the insulated metal substrate are at the same
electrical potential and the insulating sleeve passes at least
partially into the insulated metal substrate around the bolt
shaft.

6. The assembly of claim 5 wherein the first internal
diameter of the electrically conductive sleeve corresponds to
at least the diameter of the bolt plus twice the thickness of
the electrically insulating sleeve.

7. The assembly of claim 5 wherein the electrically
insulating sleeve has an external diameter that is less than
internal diameter of a hole in the insulated metal substrate to
provide an air gap between the electrically insulating sleeve
and an internal side of the hole.

8. The assembly of claim 7 wherein the electrically
insulating sleeve extends into the hole by at least 0.1 mm.
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9. The assembly of claim 7 wherein the electrically
insulating sleeve has a wall thickness of at least 0.7 mm.
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