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Title: STACKING SUBSTRATE FOR AT LEAST ONE IC AND SYSTEM COMPRISING SUCH A
SUBSTRATE

This invention relates to a substrate for at least one substantially
plate-shaped IC for enabling the at least one IC to be connected with a
connecting board.

Such a substrate is known from US 6,181,002. Such a substrate is
typically plate-shaped. In use, an IC is arranged against one side of the
substrate, parallel to the substrate. Preferably, a next IC is placed parallel to
and against this IC. Thus, a number of parallel stacked IC's can be connected
with, and parallel to, the substrate. In use, the side of the known substrate
against which no IC or no stacking of parallel IC's has been arranged is
arranged against a connecting board. Such a connecting board can comprise a
Printed Circuit Board (PCB). A functional surface of a connecting board is
provided with electrically conductive tracks for including the IC in a circuit.
It is advantageous to be able to connect a largest possible humber of IC's with
the connecting board per functional surface. In practice, the substrafe with
the plurality of IC's is typically assembled before the substrate is connected
with the PCB, for instance with the aid of soldering. The substrate is likewise
provided with electrically conductive tracks which, on the one hand, are
typically connected, in use, with the electrical tracks of the connecting board
through soldered joints, and,,‘ 'on the other hand, are typically connected with
terminals with which the at ieast one IC is normally provided. An IC in this
connection should be understood to mean any plate-shaped device which
needs at least one electrical connection with the connecting board for the
device to function. Thus, the device can also comprise a sensor, an antenna or
at least one other electrical component. Naturally, it is also possible that the
IC literally and merely comprises an integrated circuit in a narrow sense of

the word such as it is meant in the field of the art from which the IC has

emanated.
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The substrate shown in US 6,181,002 is plate-shaped and is arranged
on one side thereof to be connected with the connecting board and on another
side thereof to be connected with a plate-shaped IC against which possibly
another IC or a stacking of IC's can be placed. A disadvantage is that in use
the substrate must be provided with free surface on which electrically
conductive tracks are available for enabling the substrate, for instance using
electrically conductive wires, to be connected with the electrical terminals of
at least the IC's that are not placed directly against the substrate. As a
consequence, the substrate needs to have a surface greater than the surface
occupied by the IC arranged directly against the substrate. In other words,
the surface of the substrate does not correspond with the surface that would
be occupied on the connecting board if the IC placed directly against the
substrate were arranged directly against the connecting board. In this case,
therefore, the functional surface of the connecting board is not optimally
utilized. ‘ ‘ ’

An object of the invention is' to provide a substrate Which, compared
with the known substrate, permits a more efficient use of the functional
surface of a connecting board.

The stated object has been achieved with a substrate according to the

" invention which is characterized in that the substrate is connected with a

spacer for maintaining, in use, such a distance between the substrate and the
connecting board that at least one IC is placeable between the substrate and
the connecting board.

By the spacer, the substrate is kept at a distance from the connecting
board. As a consequence, the surface that would be occupied by the substrate
upon placement of the substrate against the connecting board, is freely
available for placing an IC. According to the invention, also the side of the
substrate in use facing the connecting board, which would be cov.ered by the
connecting board upon placement of the substrate against the connecting

board, is available for placing an IC against it. Furthermore, the side facing
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away from the connecting board is also free for placing an IC against it. In
other woxds, it is possible to place at least two IC's on a functional surface,
which permits a more efficient use of that functional surface of the connecting
board.

Preferably, in use, the at least one IC is placeable parallel to the
connecting board. This prevents the board being provided with much relief.
Due to the presence of any relief, the board may be more difficult to handle
and parts may easily break from the board, for instance upon impact during
assembly of the board. Furthermore, if the IC is placed and fixed parallel to
the connecting board, the IC can be connected with the connecting board in a
strong m anner. This is beneficial to the drop resistance of products provided
with such a connecting board with IC's.

A particular embodiment of the substrate according to the invention is
characterized in that two IC's are placeable parallel to the connecting board
between the substrate and the connecting board. In this case, it is possible to
place an IC égainst the side of the substrate in use facing the connecting
board and to place an IC against the connecting board. Furthermore, the side
of the substrate in use facing away from the connecting board is likewise free
for placing an IC against it. In other words, it is possible to place on a |
functional surface at least three IC's parallel to each other and parallel to
that functional surface, which permits a still more efficient use of the
functional surface of the connecting board.

In a further embodiment of a substrate according to the invention, the
spacer comprises at least one relatively thin wall. This means that the spacer
itself in use occupies relatively little surfaCe of the connecting board. As é
result, theere is still much functional surface available for placement of an IC
on that surface.

Furthermore, preferably, the spacer is provided with mutually
separate electrically conductive paths for enabling the connecting board to be

connected electrically with an IC in use arranged on the substrate. This
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facilitates connecting the terminals with the electrically conductive tracks on
the connecting board.

In particular, the paths extend at least to a side of the substrate in use
facing the connecting board. In this case, there is no necessity, for instance, to
connect the te_rﬁiinals of an IC placed against this side of the substrate with
the électrically conductive paths on the spacer using electrically conductive
wires. Such wires would occupy an undesirable amount of space. It is now
possible to connect the terminals of the IC with the paths extending to the
respective side of the substrate, using, for instance, soldered, glued or
clamped joints.

Furthermore, preferably, at least two paths extend to a side of the
substrate in use facing away from the connecting board. As a consequence,
there is also no necessity to use the above-mentioned wires when placing an

IC against this side, and here too, soldered, glued or clamped joints can be

- used for connecting the IC with the electrically conductive paths.

This embodiment is still more preferably characterized in that the
substrate is provided with a plurality of channels, while an electrical path
extends at least in part through each of the channels. The electrical paths
therefore occupy only very limited space. In other words, the placement of the
at least one IC against the substrate can be very compact, which makes for
optimum use of the functional space and the functional surface. Incidentally,
such channels can also be called via's.

In an advantageous embodiment, an end of the spacer in use proximal
to the connecting board is provided with a plurality of recesses for receiving
solder or glue when connecting the spacer with the connecting board. This
provides the advantage that the solder or the glue can be received
substantially entirely in the recess, so that the space occupied by the solder
or the glue needs to be taken into account less. This is beneficial to the space
and the surface that is available for placement of an IC, which in turmn can

lead to an efficient use of the functional space and the functional surface.
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Furthermore, preferably, each electrically conductive path terminates
in a recess. This leads to a further enhanced efficient use of the available
space, which is favorable for the amount of space available for placement of
an IC and further optimizes utilization of the functional surface. The recess
preferably has a shape such that a liquid bonding agent such as a bonding
solder can be received at least substantially entirely in the recess. Such a
shape can be based on surface tension-sensitive parameters of, possibly, the
bonding agent, the electrically conductive path, the spacer and the connecting
board.

In a particular embodiment, the spacer comprises at least one U-shape,
the substrate being connected to ends of the legs of the U-shape. Additionally,
the leg-connecting part included in the U-shape can comprise a face. This
provides the advantage that placing a "package" of three mutually parallel

oriented IC's, when such substrate is placed on a functional surface of, for

) instanée, a printed circuit board, can take place in a single step. This is

because an IC can be placed on the part of the U-shape facing the substréte;
an IC can be placed on the substrate on a side in use facing the connecting
board, and an IC can be placed on the substrate on a side in use facing away
from the connecting board. The substrate beforehand provided with three IC's
in this way can be fitted on the PCB in a single step, for instance using
soldered joints.

Thus, it is possible that the substrate and the spacer form an integral
whole and are designed in the form of a box or tube, the arrangement being
such that at least one IC can be placed in this box or tube.

Preferably, a substrate according to the invention is furthermore
characterized in that the spacer extends substantially at right angles to the
substrate. Since an IC is typically of rectangular design, a number of such
substrates can be placed in closely juxtaposed relation, so that the functional

surface can be utilized still more optimally.
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Preferably, the substrate with the spacer is manufactured from an
electrically insulating material. In that case, the mutually separate electrical
paths do not need to be individually provided with insulating separations
between the paths.

Furthermore, the spacer is preferably manufactured using injection
molding. This permits the use of a fast and simple manufacturing process.

Preferably, the electrically insulating material comprises a ceramic. In
this way, the substrate can be made of thin-walled and yet strong design.
Moreover, a ceramic is chemically stable and resistant to heat. It is also
possible, however, that the electrically insulating material comprises a
plastic, which is an inexpensive material. The electrically insulating material
of ceramic or of plastic is preferably provided with metallo-organic
compounds which can be broken with the aid of a laser for the purpose of
locally metallizing the material. In this way, it is possible to provide the
electrically conductive paths accurately in a simple manner and a high degree
of refinement of the paths can be échieved. This has as a consequence that
IC's with a large number of terminals can be placed on the substrate.

It is also possible, however, that the electrically conductive paths have
been created by :elpplying a metal layer to the substrate and/or the spacer and
subsequently selectively removing this metal layer. Also, optionally, use can
have been made of a two-component injection molding process and a
substrate and spacer with electrically conductive paths.

The invention further relates to a systein comprising such a substrate
and a connecting board.

Additionally, the invention relates to a system comprising such a
substrate and at least one IC.

The procedure according to the invention of connecting a substrate
with one or more IC's and connecting the substrate by means of the spacer
with the connecting board on which, optionally, also an IC is placed, is

sometimes referred to as Chip Scale Packaging.
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The invention will now be elucidated with reference to a drawing. In
the drawing: '

Fig. 1 shows schematically a cross section of a first embodiment of a
substrate according to the invention;

Fig. 2 shows schematically a cross section of a second embodiment of a
substrate according to the invention; '

Fig. 3 shows schematically a cross section of a third embodiment of a
substrate according to the invention;

Fig. 4 shows schematically a cross section of a fourth embodiment of a
substrate according to the invention;

Fig. 5 shows schematically a cross section of a system comprising two
substrates according to the invention;

Fig. 6 shows schematically and in more detail a cross section of an
embodiment according to Fig. 1;

Fig. 7 shows schematically a more detailed cross section of the
embodiment according to Fig. 4; . |

Fig. 8a shows a perspective view of the embodiment according to Fig. 3;

Fig. 8b shows a detailed view of the encircled portion in Fig. 8a;

Fig. 9 shows a perspective, more detailed view of the embodiment

‘according to Fig. 8a;

Fig. 10 shows scherhatically in perspective the embodiment according
to Fig. 4.

In Fig. 1, there is shown a substrate 1 in use for a substantially plate-
shaped IC I.1. The substrate 1 is connected with a spacer 2a, 2b, which at
each end 3 is connected with a connecting board 4. The spacer 2a,2b in this
embodiment is designed as two thin walls 2a,2b with ends 3a,3b. The spacer
2a,2b ensures that in use of the substrate 1 the distance between the
substrate 1 and the connecting board 4 is so large that an IC 1.2 ié placeable
between the substrate 1 and the connecting board 4. In practice, the

connecting board 4 will be provided with electrically conductive tracks for
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including an IC 1.2 placed against the connecting board 4 in an electrical
circuit, not shown. For electrically and/or mechanically and/or even thermally
connecting the IC I.2 with the connecting board 4, typically, use is made of
solder islands S. Preferably, the spacer 2a,2b is provided with mutually
separate electrically conductive paths (not shown in Figs. 1-5) to enable
electrical connection of the connecting board 4 with the IC I.1 arranged on
the substrate 1. A more detailed discussion of the electrically conductive
paths will follow hereinbelow in the discussion of Figs. 6-10. The substrate 1
as shown in Fig. 1 can be placed over IC 1.2 in a simple manner. IC 1.1 can
have been arranged on the substrate beforehand, but may also be arranged
on the substrate 1 after the substrate has been arranged on the connecting
board 4. It is also possible that the IC 1.2 is arranged against a side of the
substrate 1 in use facing the connecting board 4. Incidentally, the spacer
2a,2b may also comprise a continuous wall closed upon itself. The spacer
2a,2b may also comprise a plurality of bars or walls with openings.

Fig. 2 échematically represents a cross section of a second embodiment
of the substrate 1 according to the invention. The spacer 2a,2b connected with
the substrate 1 in this case maintains in use such a distance between the
substrate 1 and the connecting board 4 that at least two IC's are placeable
between the substrate 1 and the connecting board 4, parallel to the
connecting board 4. In this case, one IC 1.1 is arranged against a side T of the
substrate 1 in Gse facing the connecting board 4, and the second IC 1.2 is
arranged directly against the connecting board 4.

The other aspects as discussed in the discussion of Fig. 1 also apply to
the example as shown in Fig. 2. |

Fig. 3 schematically shows a cross section of a third embodiment, in
which on a side A of the substrate 1 facing away from the connecting board 4,
a third IC I.3 has been arranged. In the case where use is made of electrically
conductive paths with which the spacer 2 is provided for enabling electrical

connection of the connecting board 4 with the IC 1.8, the substrate 1 will to
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that end be provided with a plurality of channels 5. Through each of the
channels 5, an electrical path, not shown, will extend, to enable, with the use
of solder islands S, electrical and/or mechanical and/or even perhaps thermal
conneétion of the IC 1.3 with the connecting board 4 by way of the substrate
1. The other as.jivéc.ts discussed in the discussion of Fig. 1 also apply to the
example as shown in Fig. 3.

Fig. 4 shows in a schematic cross section a fourth embodiment of a
substrate 1 according to the invention. In this case, the spacer 2 comprises at
least one U-shape. The substrate 1 is connected with the ends of the legs of
the U-shape. The U-shape can be present in the spacer 2 in one or more cross
sections that are directed parallel to the legs of the U-shape. The substrate
and the spacer can form an integral whole and be designed in the form of a
box or tube. In the box or tube, at least one IC, and preferably two IC's, can

be placed. In other words, the box or tube is provided with an opening.

‘Naturally, it is also possible that the U-shape is present in the spacer 2 in

such a way that in each cross section that is parallel to the legs, the U-shape
is identifiable.

In that case, the at least one IC or the two IC's will have to be placed
before manufacture of the spacer and the substrate integrally connected
therewith, at positions that are enclosed during the manufacture of the
spacer and the substrate integrally connected therewith.

The part V included in the U-shape as leg-connecting part, which faces
the substrate 1, can, as shown, be provided with an IC I.2. The respective
part V between the legs of the U-shape in this case preferably compfises a
face. Moreover, the substrate 1 may be provided with anICL1 and an IC 1.3
at the positions indicated. In this case, when placing such a substrate 1
provided with three IC's, a surface of the connecting board 4 can in a single
placement step be provided with three IC's positioned parallel to the
connectihg board 4. The other aspects discussed in the discussion of Fig. 1

also apply to the example as shown in Fig. 4.
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Fig. 5 shows a system of a first substrate D1 according to the invention
and a second substrate D2 according to the invention. The substrate D2
corresponds to the substrates 1 shown in Figs. 2 and 3 and the substrate D1
corresponds to the substrate 1 shown in Fig. 4. However, substrate D1 can
also correspond to the substrates 1 shown in Figs. 2 and 3. This example
shows that it is also possible to place a system of substrates having five IC's
included therein, on a connecting board 4. Naturally, it is possible to continue
such a stacking of substrates.

Fig. 6 shows schematically a cross section of a substrate 1, where the
spacer 2 and at least a part of the substrate 1 are provided with mutually
separate electrically conductive paths 8 for enabling electrical connection of
the connecting board 4 with an IC in use arranged on the substrate 1.
Preferably, these paths 8 extend at least to a side T of a substrate 1 in use
facing the connecting board 4, as shown in Fig. 6. However, in all

"embodiinents, it is also possible that at least a few péths 8 extend to a side A.
of the substrate 1 in use facing away from the connecting board 4. An .
example of this is shown in Fig. 7. In this case, the substrate 1 is provided
with a plurality of channels 5. Through each of the channels extends an
electrical path 8, at least in part. As a result, also an IC arranged on a side A
of the substrate 1 in use facing away from the connecting board can be
electrically connected with the connecting board 4. Channels 9 may be
provided in the spacer 2. Through some of these channels 9 extend
electrically conductive paths that can be connected with an IC to be placed
against face V, using, for instance, solder islands (not shown) at positions 10.

In all of thé above-discussed exemplary embodiments, the substrate
and the spacer can each comprise a separate part and can be connected with
each other. It is also possible, however, and even preferred, that the substrate
and the spacer comprise a single part. In other words, the spacer 2a,2b and

the substrate 1 may be integrally connected with each other.
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Fig. 8a shows in perspective a substrate 1 with an integrally connected
spacer 2. The spacer 2 comprises a thin wall closed upon itself. The spacer 2
is provided with electrically conductive paths 8 extending to a side T of the
substrate 1 in use facing the connecting board 4. Some of these electrically
conductive paths 8 further extend to a side of the substrate 1 in use facing
away from the connecting board 4.

Fig. 8b represents a more detailed drawing of the part of the substrate
1 with the spacer 2 encircled in Fig. 8a. The electrically conductive paths 8
extend via the channels 5 to a side of the substrate in use facing away from
the connecting board 4. An end 3 of the spacer 2 in use proximal to the
connecting board 4 is provided with a plurality of recesses 11 for receiving
solder or glue when connecting the spacer 2 to the connecting board 4. The
electrically conductive paths 8 preferably terminate all in a recess 11. Each
recess preferably has such a shape that a liquid bonding agent, such as a
bonding solder, can be received at least substahtially entirely in the recess.

In general, spécer 2 extends preferably substantially at right angles to
the substrate 1. The substrate 1 and the spacer 2 are preferably, optionally
with the exception of the recesses 11, provided with right angles. The
substrate 1 and the spacer 2 are preferably manufactured using injection
molding. In general, the substrate and the spacer are moreover, preferably,
manufactured from an electrically insulating material, which comprises, for
instance, a ceramic. It is also possible, however, that the electrically
insulating material comprises a plastic. Such a plastic can comprise, for
instance, PA6 or LCP, known per se. Preferably, the material is provided
with metallo-organic compounds which can be broken with the aid of a laser
for the purpose of locally metallizing the material for creating the electrically
conductive paths 8. Such metallizations are procedures that are known per in
the manufacture of fine electronics. It is also possible, however, that the
electrically conductive paths 8 have been provided by applying a metal layer

to the substrate 1 and/or the spacer 2. Subsequently, this metal layer can
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have been removed selectively, so that the electrically conductive paths
remain on the substrate and/or the spacer. Such a metal layer can comprise,
for instance, copper. Optionally, use can be made of a two-component
injection molding process for manufacturing a substrate with spacer which is
provided with an electrically insulating material or a metallizable layer. It is
also possible that a substrate manufactured with a two-component injection
molding process comprises a spacer manufactured from a thermosetting
plastic.

Fig. 9 shows in perspective a substrate 1 with a spacer 2, and specifies
a few possible dimensions. With the aid of, for instance, 3-D lithography,
however, also track widths of the electrically conductive paths 8 of about 25
microns can be achieved. The wall-shaped spacer can have a thickness of
approximately 0.25 mm. When a ceramic is used as insulating material for
the substrate and/or the spacer, alumina is very suitable.

Fig. 10 shows a substrate with two IC's, arxjanged on a connecting
board 4. In general, preferably, the éubstrate and the spacer aré integrally
connected with each other.

The invention is not limited in any way to the embodiments discussed
above. Many variants are possible. Thus, the dimensions can be adjusted, if
desired. The materials can also comprise other suitable materials. Also, there
may be a plurality of IC's juxtaposed on the substrate or the connecting
board. The spacer can also take other desired shapes to enable IC's to be
placed against it. Instead of, or in addition to, being bonded with solder, the
IC's may also be bonded with glue. Such a glue can, if desired, be electrically
conductive, or electrically insulating. Clamped joints are also possible.
Moreover, connection with the aid of electrical wires is not excluded. Against
the side of a substrate facing away from the connecting board, which
substrate has been connected with the connecting board with the éid of the
spacer, there may be arranged, instead or in addition, an antenna, a sensor, a

connector or at least one cooling fin. The substrate and the spacer connected
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theréWith could also be universally designed, such that, for utility in carrying
an IC whose terminals are provided in unusual positions, an intexface
provided with an electrically conductive adapter pattern can be stuck
between the universal substrate and the unusual IC, for the IC to function.
Such interfaces could also have utility when stacking substrates with
spacers. What is not excluded either is that the connecting board 4, with the
substrate connected thereto via the spacer and the at least one IC, in turn are
jointly arranged on another board. In this case, the connecting board can
have dimensions that are not much greater than the dimensions of the IC's
arranged thereon. It is also possible for the spacer to be so designed, and to be
so placed on the connecting board, that a space between the spacer, the
substrate and the connecting board becomes gastight in use. It may then be
necessary to employ gastight glue and/or soldered joints. All such variants

are understood to fall within the scope of the invention.
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CLAIMS

1. A substrate for at least one substantially plate-shaped IC for the
purpose of enabling the at least one IC to be connected with a connecting
board, characteﬁzed in that the substrate is connected with a spacer for
maintaining, in use, such a distance between the substrate and the
connecting board that at least one IC is placeable between the substrate and
the connecting board.

2. A substrate according to claim 1, characterized in that, in use, the at
least one IC is placeable parallel to the connecting board.

3. A substrate according to claim 1, characterized in that two IC's are
placeable parallel to the connecting board.

4. A substrate according to claim 1, 2 or 3, characterized in that the
spacer comprises at least one wall.

5. A substrate according to claim 4, characterized in that the wall is
continuous, closed upon itself.

6. A substrate according to any one of the preceding claims,
characterized in that thee spacer is provided with mutually separate
electrically conductive paths for enabling electrical connection of the
connecting board with an IC in use arranged on the substrate.

7. A substrate according to claim 6, characterized in that the paths
extend at least to a side of the substrate in use facing the connecting board.
8. A substrate according to claim 7, characterized in that at least two
paths extend to a side of the substrate in use facing away from the -
connecting board. |

9. A substrate according to claim 8, characterized in that the substrate
is provided with a plurality of channels, an electrical path extending at least

in part through each of the channels.
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10. A substrate according to claim 9, characterized in that an end of the
spacer in use proximal to the connecting board is provided with a plurality
of recesses for receiving solder when connecﬁng the substrate to the
connecting board.

11. A substrate according to claim 10, characterized in that at least a
number of the electrically conductive paths terminate in a recess, which
recess has such a shape that a liquid bonding agent such as bonding solder
can be received at least substantially entirely in the recess.

12. A substrate according to any one of claims 1-11, characterized in that
the connecting board and the substrate are integrally connected with each
other.

13. A substrate according to any one of the preceding claims,
characterized in that the spacer comprises at least one U-shape, the

substrate being connected with ends of the legs of the U-shape.

14. A substrate according to claim 13, characterized in that the part

included in the U-shape that connects the legs comprises a face.

15. A substrate according to any one of the preceding claims, -
characterized in that the substrate and the spacer form an integral whole
and are designed in the form of a box or tube, in which box or tube at least
one IC can be placed.

16. A substrate according to any one of the preceding claims,
characterized in that the spacer extends substantially at right angles to the
substrate.

17. A substrate according to any one of the preceding claims,
characterized in that the substrate and the spacer are manufactured from
an electrically insulating material.

18. A substrate according to claim 17, characterized in that the spacer is
manufactured ﬁsing injection molding.

19. A substrate according to claim 18, characterized in that the injection

molding comprises two-component injection molding.
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20. A substrate according to any one of the preceding claims,
characterized in that the spacer is manufactured from a thermosetting
plastic.

21. A substrate according to claim 17 or 18, characterized in that the
electrically insulating material comprises a ceramic.

22. A substrate according to claim 17, characterized in that the
electrically insulating material comprises a plastic.

23. A substrate according to claim 17, 21 or 22, characterized in that the
electrically insulating material is provided with metallo-organic compounds
which can be broken with the aid of a laser for the purpose of locally
metallizing the material.

24. A substrate according to any one of the preceding claims as far as
dependent on claim 6, characterized in that the electrically conductive paths
have been provided by applying a metal layer to the substrate and/or the
spacer and subsequently selectively removing this metal layer.

25. A system comprising a first substrate according to any one of the
preceding claims and a connecting board, characterized in that the first
substrate is connected with the connecting board with the aid of the spacer.
26. A system according to claim 25, characterized in that the system is
further provided with at least one IC which is arranged against the first
substrate.

27. A system comprising a first substrate according to any one of

claims 1-24, characterized in that the system is further provided with at
least one IC which is arranged against the substrate.

28. A system according to any one of claims 24-27, characterized in that
the system is further provided with a second substrate which is similar to

the first substrate and is stackable on the first substrate.
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