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& (57) Abstract: A PCB assembly 10 including a mother board 11 which has an aperture 14, surface mount terminals 20 located about

& the periphery of the aperture 14, and a daughter board 12 attached by the surface mount terminals 20 to the mother board 11 over
the aperture 14. The board 11, 12 may be double sided and the PCB assembly 10 may be configured so that one or more of the
components 13 on the daughter board 12 protrude into the aperture 14 of the mother board 11. The PCB assembly 10 may include a
mother board with one or more additional apertures, additional surface mount terminals at the periphery of the additional apertures,

g and one or more additional daughter boards attached to the mother board by the additional terminals over the additional apertures.
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Surface mounting daughter board into an aperture of mother board

FIELD OF THE INVENTION

The present invention relates to a printed circuit board assembly comprising multiple

interconnected printed circuit boards.

BACKGROUND TO THE INVENTION

Generally, the electronic componentry and circuitry within most products is mounted on
a printed circuit board (PCB) of some type. PCBs provide a means to mount and
interconnect electronic components via a network of tracks, vias and terminal pads
which form an electronic circuit. Multiple layer PCBs are frequently required to enable

complex circuitry to be formed.

Often portions of a PCB house more complex circuitry than the remainder of the PCB.
For example, certain portions may have a higher component and track density,
especially where microprocessors and the like are installed, which have a large number
of pins. Such circuitry demands a higher specification board, for example one with
more layers. Various other board specification requirements also result from portions of
a circuit on a PCB such as different layer spacing or dielectric constant. Also, some
portions of a circuit may demand special design constraints. For example, in RF
applications where high frequencies and high track density cause EMC and other
undesirable effects, measures are taken to reduce the effects. For example, a ground
plane is often embedded in the board, and the tracks on the board are judiciously

arranged.

Where a circuit portion demands a higher specification PCB and/or stricter design
constraints, the entire circuit is usually designed within those constraints and formed on
a PCB meeting those specifications, even portions of the circuit which could be formed
on a lower specification board with lesser constraints. As higher specification boards

are more expensive, this results in an unnecessary cost, as much of the board need only
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be a cheaper lower specification type. Further, where a single board is used, stricter
design constraints imposed on the more complex portion of the circuit (for example, to
ensure low EMC), are also imposed on the less complex portion of the circuit which do

not require such constraints. This results in unnecessary design costs.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a PCB assembly for an electronic circuit
formed from multiple interconnected PCBs, and/or PCBs adapted for interconnection.
This enables each PCB of the assembly to be selected to have specifications suitable for

a portion of the electronic circuit.

In one aspect, the present invention broadly consists in a PCB assembly including a first
PCB with an aperture through the PCB, surface mount terminals at the periphery of the
aperture, and a second PCB attached by said surface mount terminals to the first PCB
over the aperture.

In another aspect, the present invention broadly consists in a kit of parts including a first
PCB with an aperture, surface mount terminals at the periphery of the aperture, and a

second PCB adapted for attachment by the terminals to the first PCB, over the aperture.

In another aspect, the present invention broadly consists in a method for forming a PCB
assembly including providing a first PCB including an aperture in the first PCB and
providing surface mount terminals at the periphery of the aperture in the first PCB,
providing a second PCB including terminals which when the second PCB is placed over
the aperture in the first PCB can align with and contact the surface mount terminals on
the first PCB, causing a pick and place machine to position the second PCB on the first
PCB over the aperture, and heating the assembly to attach the second PCB to the first

PCB at the surface mount terminals by reflow soldering.
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In another aspect, the present invention broadly consists in a first PCB including an
aperture and corresponding surface mount terminals for interconnection of a second

PCB on the first PCB over the aperture.

In another aspect, the present invention broadly consists in a PCB assembly including a
first PCB with an aperture and corresponding surface mount terminals, and a second

PCB interconnected by the terminals to the first PCB over the aperture.

In another aspect, the present invention broadly consists in a kit of parts including a first
PCB with an aperture and corresponding surface mount terminals, and a second PCB

adapted for interconnection by the terminals to the PCB over the aperture.

The first and second PCB(s) may be have different specifications, such as a differing
number of layers, and the circuitry fabricated on them may be designed within different
design constraints. For example, the first PCB may have a lesser number of layers, and
contain less complex circuitry, while the second PCB may have a greater number of

layers and contain more complex circuitry designed to reduce EMC.

The invention may also be said broadly to consist in the parts, elements and features
referred to or indicated in the specification of the application, individually or
collectively, and any or all combinations of any two or more said parts, elements or
features, and where specific integers are mentioned herein which have known
equivalents in the art to which this invention relates, such known equivalents are

deemed to be incorporated herein as if individually set forth.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will be described by way of example only and

with reference to the drawings, of which:

Figure 1 is an elevation view of a preferred form PCB assembly, in which a second PCB

is attached to a first PCB over an aperture;
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Figures 2a and 2b are plan and elevation views showing detail of the interconnection of

the first and second PCBs shown in Figure 1; and

Figures 3a and 3b are plan and elevation views showing detail of interconnection of the

first and second PCBs in an alternative form of the PCB assembly.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figure 1 shows a preferred form PCB assembly 10 including a first PCB, referred to as
a “mother board”, 11 on which a second PCB, referred to as a “daughter board”, 12 is
surface mount installed or attached. It should be appreciated that the terms “mother
board” and “daughter board” do not confer any restriction on the nature, size and
specifications of the PCB, or associated circuitry on them. The mother board 11 has an
aperture 14 through which one or more components 13 installed on the underside 15 of
the daughter board 12 protrude. This enables double sided daughter boards 12 to be
used that receive and secure components on both sides, and lowers the overall profile or
envelope 19 of the PCB assembly 10. It will be appreciated that the daughter board 12
may also have a number of components 16 on its topside 17, and the mother board 11
may have one or more components 18 on both sides, however double sided boards are

not a requirement of the PCB assembly.

The PCB assembly 10 contains circuitry such as tracks, vias, terminal pads, and (when
installed) components 13, 16, 18 — all of which may span multiple layers. Certain
portions of the circuitry may be more complex and/or have stricter design constraints
than other portions. A PCB with higher specifications suitable for meeting those
requirements can be selected, and fabricated with a more complex portion of the
circuitry. A higher specification board may contain more layers, for example. A PCB
with lower specifications can be selected and fabricated with the remainder of the
circuitry with less complexity and/or lower design constraints. In this manner, rather
than using a single expensive high specification PCB for the entire circuitry, including
portions where such a PCB is not needed, a smaller separate high specification PCB is

used just for the complex circuitry to reduce costs. Several higher specification boards



10

15

20

25

30

WO 2004/080140 PCT/NZ2004/000037

could be used where there are multiple portions of the circuitry that require a higher

specification board.

Typically, although not necessarily, the majority of circuitry will require a lower
specification board. In this case, the mother board 11 may be a larger, lower
specification board than the daughter board 12 and contain a larger portion of the
overall circuitry. The daughter board 12 may be a smaller, higher specification board
containing more complex circuitry or may have a higher density of circuitry and/or
components per unit area than the mother board 11. For example, as shown in Figure 1,
the mother board 11 is a four layer double sided board and the daughter board 12 is a
six layer double sided board. There may also be other differences in the board
specifications e.g. layer spacing, dielectric constant or temperature rating. It will be
appreciated that the daughter PCB(s) need not necessarily be higher specification
boards, nor necessarily smaller. Any configuration and number of higher/lower
specification PCBs of any size could be used to form the mother board and daughter
board assembly 10, according to the specific circuitry requirements. It will be
appreciated that the size of the PCBs may be represented by their surface areas or other

dimensions.

Figures 2a and 2b show interconnection of the PCBs 11, 12 in more detail. The mother
board 11 has a cut-out or aperture 14 formed at a suitable position. Around the
perimeter of the aperture 14, surface mount terminal pads 20 are arranged on either the
top or bottom surface for interconnection with corresponding surface mount terminal
pads 21 on the daughter board 12. These terminals 20, 21 are connected with tracks 23,
24 on each respective PCB 11, 12 (for example, as shown in Figure 2b) to enable
interconnection between the circuitry fabricated on both PCBs 11, 12. Connection
between the terminals 21 and components on the mother board 11 may be via an
internal layer in the mother board. The tracks 23, 24, vias 25, 26, and terminals 20, 21
shown in Figures 2a and 2b are by way of example only. It will be appreciated both
boards 11, 12 can be fabricated with the required circuitry, and include a suitable

number of terminals positioned correctly to enable interconnection as required. The
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size, shape and spacing of the terminals are not restricted to those shown, but can be

designed to the required specifications for a particular application.

Figures 3a and 3b show an alternative embodiment in which a rebate 30 is formed
around the aperture 14 to provide a shelf. The terminals 31 on the mother board 11 are

arranged on the shelf.

Preferably, the assembly 10 is manufactured using surface mount techniques. For
example, for the assembly 10 shown in Figures 2a and 2b, the daughter board 12 is first
populated with components, soldered and then removed from its PCB panel or frame.
There may be more than one daughter board 12 in a panel for installation on one or
more mother boards 11. Solder paste is then dispensed onto the terminals 20 on the
mother board 11. The populated daughter board 11 is presented to the surface mount
placement machine in a suitable form. For example, it may be on a tray or reel. A flat
area larger than the pick up nozzle of the placement machine is provided near the centre
of the daughter board 12 to facilitate machine pick up and place. Machine vision
markings may also be provided. The daughter board 12 is placed on the terminals 20
and soldered, or heated, using a standard surface mount reflow technique. When
installed, the daughter board 12 is positioned over the aperture 14 so that components
13 on the underside can protrude through the aperture 14.

The procedure for the assembly shown in Figures 3a and 3b is substantially the same,
although an alternative solder paste dispensation process may be required to deposit
solder paste on the terminals 31 in the rebate 30. For example, robotic dispensation
could be used. The daughter board terminals 21 are positioned on the mother board
terminals 30 and soldered using a standard surface mount reflow technique. When
installed; the daughter board 12 is partially countersunk within the mother board 11,
thus lowering the overall profile 17 of the PCB assembly. Variations on the assembly
process described will be apparent to those skilled in the art.

In an alternative embodiment, the daughter board part may be detachable from the
mother board part. Further, a range of daughter board parts, with different circuitry,
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could be interchangeable to perform different circuit functions. The entire assembly
could be supplied or produced as a kit including one or more mother boards and one or

more daughter boards for interconnection and/or interchange.

It will be appreciated that the printed circuit board is scalable in all aspects. The size of
the separate boards may be re-sized to suit circuit design requirements. Further, the
number and thickness of the layers in each board part may be modified to suit

requirements.

It will be appreciated that the printed circuit board can be adapted to include more board
parts with different numbers of layers. For example, the mother board may have one or
more additional apertures, with surface mount terminals at the periphery of the
additional apertures, and one or more additional daughter boards attached to the mother

board by the terminals over the additional aperture(s).

The foregoing description includes various forms of the invention. It will be appreciated
that other variations within the scope of the invention could be envisaged by those

skilled in the art.
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What We Claim Is:

1. A PCB assembly including a first PCB with an aperture through the PCB,
surface mount terminals at the periphery of the aperture, and a second PCB attached by

said surface mount terminals to the first PCB over the aperture.

2. A PCB assembly according to claim 1, wherein the second PCB has components

mounted on both sides of the second PCB.

3. A PCB assembly according to claim 2, wherein one or more components on the

second PCB protrude into the aperture in the first PCB.

4, A PCB assembly according to any one of claims 1 to 3, wherein the second PCB

carries a higher density of circuitry and/or components per unit area than the first PCB.

5. A PCB assembly according to any one of claims 1 to 4, wherein the second PCB

has more layers than the first PCB.

6. A PCB assembly according to any one of claims 1 to 5, wherein the second PCB

has a smaller surface area than the first PCB.

7. A PCB assembly according to any one of claims 1 to 6, wherein said surface
mount terminals enable attachment of the second PCB to the first PCB by reflow

soldering.

8. A PCB assembly according to any one of claims 1 to 7, wherein the first PCB
further includes one or more additional apertures, additional surface mount terminals at
the periphery of the additional apertures, and one or more additional second PCBs
attached by said additional terminals to the first PCB over the additional aperture(s).
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9. A kit of parts including a first PCB with an aperture, surface mount terminals at
the periphery of the aperture, and a second PCB adapted for attachment by the terminals
to the first PCB, over the aperture.

10. A method for forming a PCB assembly including providing a first PCB
including an aperture in the first PCB and providing surface mount terminals at the
periphery of the aperture in the first PCB, providing a second PCB including terminals
which when the second PCB is placed over the aperture in the first PCB can align with
and contact the surface mount terminals on the first PCB, causing a pick and place
machine to position the second PCB on the first PCB over the aperture, and heating the
assembly to attach the second PCB to the first PCB at the surface mount terminals by

reflow soldering.

11. A method according to claim 10, wherein the second PCB has components

mounted on both sides of the second PCB.

12. A method according to claim 11, wherein one or more components on the

second PCB protrude into the aperture in the first PCB.

13. A method according to any one of claims 10 to 12, wherein the second PCB

carries a higher density of circuitry and/or components per unit area than the first PCB.

14. A method according to any one of claims 10 to 13, wherein the second PCB has

a higher number of layers than the first PCB.

15. A method according to any one of claims 10 to 14, wherein the second PCB has

a smaller surface area than the first PCB.

16. A method according to any one of claims 10 to 15, wherein the first PCB further
includes one or more additional apertures and additional surface mount terminals at the

periphery of the or each additional aperture(s), and including the step of attaching one
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or more additional second PCBs by said additional terminals to the first PCB over the
additional aperture.

17. A first PCB including an aperture and corresponding surface mount terminals

for interconnection of a second PCB on the first PCB over the aperture.

18. A first PCB according to claim 17, wherein the second PCB is double sided, and
the aperture is adapted to enable components on one side of the second PCB, when

installed, to protrude through the aperture.

19. A first PCB according to claim 17, further including one or more additional
apertures with corresponding terminals for interconnection of one or more additional
PCBs on the first PCB over the aperture.

20. A PCB assembly including a first PCB with an aperture and corresponding
surface mount terminals, and a second PCB interconnected by the terminals to the first

PCB over the aperture.

21.  AKkit of parts including a first PCB with an aperture and corresponding surface
mount terminals, and a second PCB adapted for interconnection by the terminals to the

PCB over the aperture.
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