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(57) ABSTRACT

A method of packaging integrated circuits includes providing
a molded substrate that has a plurality of first semiconductor
dies and a plurality of second semiconductor dies laterally
spaced apart from one another and covered by a molding
compound. The molding compound is thinned to expose at
least some of the second semiconductor dies. The exposed
second semiconductor dies are removed to form cavities in
the molded substrate. A plurality of third semiconductor dies
are inserted in the cavities formed in the molded substrate,
and electrical connections are formed to the first semiconduc-
tor dies and to the third semiconductor dies.
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METHOD OF PACKAGING INTEGRATED
CIRCUITS AND A MOLDED PACKAGE

PRIORITY CLAIM

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/944,260 filed 17 Jul. 2013, the content of said
application incorporated herein by reference in its entirety.

FIELD OF TECHNOLOGY

[0002] The present application relates to packaging of inte-
grated circuits, in particular molded substrates for packaging
integrated circuits.

BACKGROUND

[0003] Embedded wafer level ball grid array (eWLB) is a
packaging technology for integrated circuits (ICs) where the
package interconnects are applied on an artificial wafer made
of individual semiconductor dies (chips) and a molding com-
pound. The semiconductor dies are embedded (overmolded)
by the molding compound and therefore subjected to high
processing temperatures used in the molding process. A redis-
tribution layeris applied to a side of the eWLB wafer at which
the pads of the dies are available. Electrical connections are
formed between the die pads and the redistribution layer.
Solder bumps are provided on the redistribution layer to
enable package mounting after sawing of the eWLB wafer
into individual IC packages.

[0004] Certain types of semiconductor dies can be
mechanically and/or thermally damaged by the overmolding
and redistribution layer processes of conventional eWLB
technology. For example, MEMs (microelectromechanical
systems) and SAW (surface acoustic wave) filters have
mechanically sensitive surfaces which should not be over-
molded to ensure proper operation. Contacting light emitting
or sensing devices is difficult in eWLB technology because
the electrical connections are typically implemented at the
uncovered bottom side of the dies. Light emitting/sensing at
the top of side of the dies is not feasible because the top side
of'the dies is encased by a molding compound in conventional
eWLB technology, obstructing the light emitting/sensing sur-
face of the dies. Also, the high processing temperatures
employed during the overmolding and redistribution layer
processes of conventional eWLB technology can damage
certain temperature-sensitive dies.

SUMMARY

[0005] According to an embodiment of a method of pack-
aging integrated circuits, the method comprises: providing a
molded substrate including a first plurality of functional
semiconductor dies and a plurality of placeholders laterally
spaced apart from one another and covered by a molding
compound; thinning the molding compound to expose at least
some of'the placeholders; removing the exposed placeholders
to form cavities in the molded substrate; inserting a second
plurality of functional semiconductor dies in the cavities
formed in the molded substrate; and forming electrical con-
nections to the first plurality and second plurality of func-
tional semiconductor dies at a side of the dies uncovered by
the molding compound.

[0006] According to an embodiment of a molded substrate,
the molded substrate comprises a plurality of functional semi-
conductor dies and a plurality of non-functional placeholders
embedded in a molding compound so that the functional
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semiconductor dies and the non-functional placeholders are
spaced apart from one another and have a side uncovered by
the molding compound. The molded substrate further com-
prises an insulation layer on the same side of the molding
compound as the side of the functional semiconductor dies
and the non-functional placeholders which is uncovered by
the molding compound. The molded substrate also comprises
a metal layer contacting pads of each functional semiconduc-
tor die through the insulation layer.

[0007] Those skilled in the art will recognize additional
features and advantages upon reading the following detailed
description, and upon viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

[0008] The elements of the drawings are not necessarily to
scalerelative to each other. Like reference numerals designate
corresponding similar parts. The features of the various illus-
trated embodiments can be combined unless they exclude
each other. Embodiments are depicted in the drawings and are
detailed in the description which follows.

[0009] FIGS. 1A through 1F illustrate respective cross-
sectional views of a molded substrate during different stages
of'a method of packaging integrated circuits using the molded
substrate, according to an embodiment.

[0010] FIG. 2 illustrates a cross-sectional view of the
molded substrate according to another embodiment.

[0011] FIG. 3 illustrates a cross-sectional view of the
molded substrate according to yet another embodiment.
[0012] FIGS. 4A through 4D illustrate respective cross-
sectional views of a molded substrate during different stages
of'a method of packaging integrated circuits using the molded
substrate, according to another embodiment.

[0013] FIGS. 5A through 5C illustrate respective cross-
sectional views of a molded substrate during different stages
of'a method of packaging integrated circuits using the molded
substrate, according to yet another embodiment.

[0014] FIGS. 6A through 6C illustrate respective cross-
sectional views of a molded structure during different stages
of manufacturing, according to an embodiment.

DETAILED DESCRIPTION

[0015] The embodiments described herein provide cavities
in a molded substrate for placing semiconductor dies such as
light emitting and/or sensing devices within the molded sub-
strate after overmolding and metal redistribution processes.
As such, the semiconductor dies are not subjected to the
higher temperatures associated with typical overmolding and
metal redistribution processes. In addition, the top side of'the
semiconductor dies are not overmolded when placed in the
cavities. This way, the top side of the dies remain unob-
structed which is particularly beneficial for light emitting
and/or sensing devices having electrical contacts at the bot-
tom side and a light emitting/sensing surface at the top side.
[0016] FIG. 1, which includes FIGS. 1A through 1F, illus-
trates cross-sectional views of a molded substrate during
different stages of a method of packaging integrated circuits
using the molded substrate, according to an embodiment.
FIG. 1A shows the molded substrate which comprises a plu-
rality of functional semiconductor dies 100 and a plurality of
non-functional placeholders 102 embedded in a molding
compound 104. As used herein, the term “functional semi-
conductor die” refers to a semiconductor die that includes
active and/or passive devices capable of performing a regular
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function or functions and which is intended to be used as part
of an integrated circuit. As used herein, the term “place-
holder” refers to a material or structure used or included
temporarily or as a substitute for a functional semiconductor
die i.e. that which holds, denotes or reserves a place for a
functional semiconductor die. The placeholders 102 can be
non-functional semiconductor dies i.e. semiconductor dies
which are not to be used as part of an integrated circuit.
Alternatively or in addition, one or more of the placeholders
102 can be metal, plastic or ceramic blocks, a glob top epoxy,
and/or porous blocks such as a ceramic die or etched silicon or
other semiconductor material with deep trenches or holes.
[0017] Ineach case, the functional semiconductor dies 100
and the placeholders 102 are spaced apart from one another in
the molding compound 104 and have a side 101, 101' uncov-
ered by the molding compound 104. Any standard molding
compound can be used such as the kind employed in conven-
tional eWLB technology. For example, liquid or solid mold-
ing compounds can be used. At least some of the placeholders
102 can have a thickness (T,) greater than the thickness (T )
of the functional semiconductor dies 100. Alternatively, the
placeholders 102 and the functional semiconductor dies 100
have the same thickness.

[0018] Atleastone insulation layer 106, 108 is provided on
the same side 101" of the molding compound 104 as the side
101, 101" of the functional semiconductor dies 100 and the
non-functional placeholders 102 which is uncovered by the
molding compound 104. A metal redistribution layer 110
such as a copper redistribution layer contacts pads 112 ofeach
functional semiconductor die 100 through openings in the
insulation layer(s) 106, 108. In FIG. 1A, two insulation layers
106, 108 are shown. The first insulation layer 106 can be a
polymeric material such as polyimide, WPR (a phenol-
melamine-based novolac resin material), etc. The second
insulation layer 108 can be any dielectric material suitable as
a solder-stop material (for subsequent solder ball processing).
The first insulation layer 106 can be omitted and the metal
redistribution layer 110 directly formed on the backside 101"
of the molding compound 104 and the uncovered side 100,
101" of the dies 102 and placeholders 104.

[0019] FIG. 1B shows the molded substrate after the mold-
ing compound 104 is thinned at the top side 103" of the
molded substrate to expose at least some of the placeholders
102. The placeholders 102 are exposed at their top sides 103’
which face away from the metal redistribution layer 110.
According to this embodiment, the thinning process termi-
nates before the top sides 103 of the functional semiconductor
dies 100 are exposed so that the functional dies 100 remain
covered by the molding compound 104 after thinning of the
molding compound 104. Any suitable thinning process can be
used such as etching or mechanical grinding. For example in
the case of mechanical grinding, the exposed top sides 103' of
the taller placeholders 102 can be detected by optical or visual
inspection, by a change in the grinding speed owing to a
material density difference between the molding compound
104 and the placeholders 102, by an auditory noise resulting
from the grinding mechanism contacting the top side 103' of
the placeholders 102, etc. The molding compound 104 can be
over-etched i.e. the etching process continues after the
exposed top sides 103' of the taller placeholders 102 can be
detected.

[0020] FIG. 10 shows the molded substrate after the
exposed placeholders 102 are removed from the molded sub-
strate to form cavities 114 in the molded substrate. Any suit-
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able process can be used to remove the exposed placeholders
102 from the molded substrate such as chemical etching, laser
etching, mechanical removal, etc. For example in the case of
non-functional semiconductor die placeholders 102, wet
chemical etching can be used to remove the non-functional
semiconductor dies 102. In the case of the functional semi-
conductor dies 100 and the non-functional placeholders 102
both comprising the same semiconductor material such as
silicon, at least some of the placeholders 102 have a greater
thickness than the functional semiconductor dies 100 as
shown in FIG. 1A so that the etching solvents employed etch
away the placeholders 102 without harming the functional
semiconductor dies 100. If the placeholders 102 are made of
a different material than the functional semiconductor dies
100 e.g. made of plastic, the placeholders 102 and the func-
tional semiconductor dies 100 can have the same thickness
because the etchants can be selected so that the functional
semiconductor dies 100 are not harmed even if uncovered by
the molding compound 104 as a result of the molding com-
pound thinning process.

[0021] FIG. 1D shows the molded substrate after additional
functional semiconductor dies 116 are placed in the cavities
114 formed in the molded substrate. The additional functional
semiconductor dies 116 are electrically connected to the
metal redistribution layer 110 by solder bumps or other elec-
trical connectors 118. The metal redistribution layer 110 is
designed to accommodate the electrical connections 118 of
the additional functional semiconductor dies 116, and is pat-
terned accordingly.

[0022] The additional functional semiconductor dies 116
preferably are dies which can be mechanically and/or ther-
mally damaged by the prior overmolding and redistribution
layer processes. For example, some or all of the newly added
functional semiconductor dies 116 may require their top sides
117 to remain uncovered by the molding compound 104 e.g.
in the case of SAW filters and MEMs dies. Also, some or all
of'the newly added functional semiconductor dies 116 may be
damaged by the high processing temperatures employed dur-
ing the prior overmolding and redistribution layer processes.
In each case, adding these dies 116 after the overmolding and
redistribution layer processes ensures the dies 116 are better
protected and remain properly functional. A silicon micro-
phone die is shown in FIG. 1D as one of the additional
functional semiconductor dies 116. The silicon microphone
die 116 has a membrane 120 for detecting sound signals. An
opening 122 can be formed in the insulation layer(s) 106, 108
by standard processing such as etching. The opening 122
permits sound signals to impinge upon the membrane 120 of
the silicon microphone die 116.

[0023] FIG. 1E shows the molded substrate after an
optional lid 124 is applied to the thinned side 103" of the
molding compound 104. The lid 124 is applied after the
additional functional semiconductor dies 116 are inserted in
the cavities 114 formed in the molded substrate so that the
cavities 114 are covered by the 1id 124. The lid 124 is a piece
placed over the cavities 114 in the molded substrate to hold in,
protect, or conceal the additional functional semiconductor
dies 116. Any suitable lid for covering the cavities 114 can be
used. In one embodiment, the lid 124 is an adhesive polymer
foil. In the case of one or more of the additional functional
semiconductor dies 116 being a SAW filter, the SAW filter is
enclosed by the lid 124 and the molding compound 104 to
prevent dust and other debris from gathering on the SAW
filter die 116. Also, the cavity 114 in which the SAW filter 116
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is positioned defines a certain open volume for the SAW filter
116. In the case of one or more of the additional functional
semiconductor dies 116 being operable to detect or emit light
(e.g. inthe case ofan LED or photodiode), the lid 1214 can be
translucent so that the light-sensitive die(s) 116 can detect or
emit light through the translucent lid 124.

[0024] FIG. 1F shows the molded substrate after sawing
into individual IC packages 126. Any standard sawing or
molded substrate segmentation process can be employed.
Solder bumps 128 can applied to the side 111 of the metal
redistribution layer 110 facing away from the molding com-
pound 104, before or after sawing of the molded substrate.
The solder bumps 128 enable mounting of the individual IC
packages 126 e.g. on a circuit board or other type of substrate
(not shown for ease of illustration). Any standard solder bump
process can be employed.

[0025] FIG. 2 illustrates a cross-sectional view of the
molded substrate, according to another embodiment. The
embodiment shown in FIG. 2 is similar to the embodiment
shown in FIG. 1 F, however, one or more of the additional
(later-added) functional semiconductor dies 116 is attached
to a carrier 130. The carrier 130 has an electrically insulating
region 132 such as a ceramic or laminate and electrically
conductive regions 134 embedded in the insulating region
132. The conductive regions 134 of the carrier 130 are con-
nected to the solder bumps 118 of the corresponding die 116
at one side and to the metal redistribution layer 110 at the
opposing side, enabling electrical connections between the
metal redistribution layer 110 and the device(s) included in
the additional die 116.

[0026] FIG. 3 illustrates a cross-sectional view of the
molded substrate, according to yet another embodiment. The
embodiment shown in FIG. 3 is similar to the embodiment
shown in FIG. 1 F, however, a capping substrate 136 having an
open cavity 138 is applied to the thinned side 103" of the
molding compound 104. The open cavity 138 in the capping
substrate 136 aligns with the cavity 114 in the molded sub-
strate which contains one of the additional functional dies
116. In the case of a microphone die, the open cavity 138 in
the capping substrate 136 enlarges the open volume around
the microphone die 116. Any suitable capping substrate can
be used e.g. such as a molded substrate.

[0027] FIG. 4, which includes FIGS. 4A through 4D, illus-
trates cross-sectional views of a molded substrate during
different stages of a method of packaging integrated circuits
using the molded substrate, according to another embodi-
ment. The embodiment shown in FIG. 4A is similar to the
embodiment shown in FIG. 1A, however, one or more of the
placeholders 102 are interposed between semiconductor
blocks 200 embedded in the molding compound 104. Elec-
trically conductive regions 202 such as copper bumps are
disposed on the top side 201 of the semiconductor blocks 200
i.e. the side of the semiconductor blocks 200 facing away
from the metal redistribution layer 110.

[0028] FIG. 4B shows the molded substrate after the mold-
ing compound 104 is thinned at the top side of the molded
substrate to expose at least some of the placeholders 102, as
previously described herein. The electrically conductive
regions 202 on the top side 201 of the semiconductor blocks
200 are also exposed after the thinning.

[0029] FIG. 4C shows the molded substrate after the place-
holders 102 are removed, a SAW filter 116 is placed in the
corresponding cavity 114 in the molding compound 104, and
a structured 1id 204 is applied to the thinned side 103" of the
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molding compound 104. The lid 204 is structured so that the
SAW filter 116 is covered by the lid 204 and the semiconduc-
tor blocks 200 are uncovered by the 1id 204. The lid 204 can
be structured before or after application to the thinned side
103" of the molding compound 104.

[0030] FIG. 4D shows the molded substrate after a shield-
ing layer 206 such as a copper metal layer is formed e.g. by
sputtering on the structured lid 204 and the thinned side 103"
of the molding compound 104. The shielding layer 206 is
spaced apart from the SAW filter 116 by the structured lid 204
and electrically connected to the exposed electrically conduc-
tive regions 202 at the top side 201 of the semiconductor
blocks 200. The shielding layer 206 is connected to the metal
redistribution layer 110 by the semiconductor blocks 200,
forming a shielding structure for the SAW filter 116.

[0031] FIG. 5, which includes FIGS. 5A through 5C, illus-
trates cross-sectional views of a molded substrate during
different stages of a method of packaging integrated circuits
using the molded substrate, according to yet another embodi-
ment. In FIG. 5A, the placeholders 102 comprise a glob top
epoxy of a greater (as shown) or same thickness as the func-
tional semiconductor dies 100 embedded in the molding com-
pound 104. FIG. 5B shows the molded substrate after the
molding compound 104 is thinned at the top side 103" of the
molding compound 104 to expose the glob top epoxy place-
holders 102, as previously described herein. FIG. 5C shows
the molded substrate after the glob top epoxy placeholders
102 are removed e.g. by chemical etching to form cavities 114
in the molding compound 104. Additional functional semi-
conductor dies 116 can be placed in the cavities 114 and
further processing of the molded substrate performed as pre-
viously explained herein.

[0032] The molded substrate described herein can be
manufactured in various ways. FIGS. 6A through 6C illus-
trate one embodiment of manufacturing the molded substrate.

[0033] FIG. 6A shows a plurality of functional semicon-
ductor dies 100 and placeholders 102 placed on a support
substrate 300. The support substrate 300 provides mechanical
support to the dies 100 and placeholders 102 during subse-
quent molding and metallization processes. The functional
semiconductor dies 100 and placeholders 102 are spaced
apart from one another on the support substrate 300. An
adhesive film 302 can be used to hold the functional semi-
conductor dies 100 and placeholders 102 in place on the
support substrate 300.

[0034] FIG. 6B shows the functional semiconductor dies
100 and placeholders 102 after being covered with a molding
compound 104 to form a molded structure. Any suitable
molding process and compound can be used.

[0035] FIG. 6C shows the molded structure after the sup-
port substrate 300 and adhesive film 302 are removed. The
support substrate 300 and adhesive film 302 can be removed
using any standard process such as etching or grinding, after
the functional semiconductor dies 100 and placeholders 102
are covered with the molding compound 104. The bottom
sides 100, 101" of the functional semiconductor dies 100 and
placeholders 102 are uncovered by the molding compound
104. Subsequent thinning of the molding compound 104 to
expose the placeholders 102 as previously described herein is
performed at the side 103" of the molding compound 104
opposite from which the support substrate 300 was removed.
The metal redistribution layer 110 is formed on the same side
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101" of the molding compound 104 at which the pads 112 of
each functional semiconductor die 100 are uncovered by the
molding compound 104.

[0036] Spatially relative terms such as “under”, “below”,
“lower”, “over”, “upper” and the like, are used for ease of
description to explain the positioning of one element relative
to a second element. These terms are intended to encompass
different orientations of the device in addition to different
orientations than those depicted in the figures. Further, terms
such as “first”, “second”, and the like, are also used to
describe various elements, regions, sections, etc. and are also
not intended to be limiting. [.ike terms refer to like elements
throughout the description.

[0037] As used herein, the terms “having”, “containing”,
“including”, “comprising” and the like are open-ended terms
that indicate the presence of stated elements or features, but
do not preclude additional elements or features. The articles
“a”, “an” and “the” are intended to include the plural as well
as the singular, unless the context clearly indicates otherwise.
[0038] With the above range of variations and applications
in mind, it should be understood that the present invention is
not limited by the foregoing description, nor is it limited by
the accompanying drawings. Instead, the present invention is
limited only by the following claims and their legal equiva-
lents.

What is claimed is:

1. A method of packaging integrated circuits, the method
comprising:

providing a molded substrate including a plurality of first

semiconductor dies and a plurality of second semicon-
ductor dies laterally spaced apart from one another and
covered by a molding compound;

thinning the molding compound to expose at least some of

the second semiconductor dies;

removing the exposed second semiconductor dies to form

cavities in the molded substrate;

inserting a plurality of third semiconductor dies in the

cavities formed in the molded substrate; and

forming electrical connections to the first semiconductor

dies and to the third semiconductor dies.

2. The method of claim 1, further comprising:

forming a shielding layer on the thinned side of the mold-

ing compound.

3. The method of claim 1, wherein inserting the plurality of
third semiconductor dies in the cavities formed in the molded
substrate comprises inserting a silicon microphone in one or
more of the cavities formed in the molded substrate.

4. The method of claim 1, wherein providing the molded
substrate comprises:

placing the first semiconductor dies and the second semi-

conductor dies on a support substrate so that the first
semiconductor dies and the second semiconductor dies
are spaced apart from one another on the support sub-
strate;

covering the first semiconductor dies and the second semi-

conductor dies with the molding compound to form a
molded structure; and

removing the support substrate after the first semiconduc-

tor dies and the second semiconductor dies are covered
with the molding compound.

5. The method of claim 1, wherein the exposed second
semiconductor dies are thicker than the first semiconductor
dies, and wherein the molding compound is thinned to expose
the thicker second semiconductor dies by etching or mechani-

s

2 <
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cal grinding so that the first semiconductor dies remain cov-
ered by the molding compound after the thinning.

6. The method of claim 1, wherein the exposed second
semiconductor dies have a greater thickness than the first
semiconductor dies, and wherein the exposed second semi-
conductor dies are removed by wet chemical etching.

7. The method of claim 1, further comprising:

applying a lid to the thinned side of the molding compound

after the third semiconductor dies are inserted in the
cavities formed in the molded substrate so that the cavi-
ties are covered by the lid.
8. The method of claim 7, wherein one or more of the third
semiconductor dies is a surface acoustic wave filter enclosed
by the lid and the molding compound.
9. The method of claim 8, wherein each surface acoustic
wave filter is interposed between semiconductor blocks
embedded in the molded substrate, and wherein the lid is
structured so that the semiconductor blocks are uncovered by
the lid.
10. The method of claim 9, further comprising:
forming a shielding layer on the structured lid and the
thinned side of the molding compound, the shielding
layer being spaced apart from each surface acoustic
wave filter by the structured lid and electrically con-
nected to exposed electrically conductive regions dis-
posed on the semiconductor blocks.
11. The method of claim 1, wherein forming the electrical
connections to the first semiconductor dies and to the third
semiconductor dies comprises:
forming an insulation layer on a side of the molded sub-
strate at which pads of the first and third semiconductor
dies are uncovered by the molding compound; and

forming a metal layer that contacts the pads through the
insulation layer.

12. The method of claim 11, wherein one or more of the
third semiconductor dies is attached to a carrier and electri-
cally connected to the metal layer through the carrier.

13. The method of claim 11, wherein one or more of the
third semiconductor dies is a microphone die, the method
further comprising:

forming an opening in the insulation layer which permits

sound signals to impinge upon a membrane of the micro-
phone die.

14. The method of claim 13, further comprising:

applying a capping substrate having an open cavity to the

thinned side of the molding compound so that the open
cavity in the capping substrate aligns with the cavity in
the molded substrate which contains the microphone die
and enlarges an open volume around the microphone
die.

15. A method of packaging an integrated circuit, the
method comprising:

providing a molded substrate including a semiconductor

die and a placeholder laterally spaced apart from one
another and covered by a molding compound;

thinning the molding compound to expose the placeholder;

removing the exposed placeholder to form a cavity in the

molded substrate;

inserting a silicon microphone in the cavity formed in the

molded substrate; and

forming electrical connections to the semiconductor die

and to the silicon microphone.
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16. The method of claim 15, wherein forming the electrical
connections to the semiconductor die and to the silicon
microphone comprises:

forming an insulation layer on a side of the molded sub-

strate at which pads of the semiconductor die and the
silicon microphone are uncovered by the molding com-
pound; and

forming a metal layer that contacts the pads through the

insulation layer.

17. The method of claim 16, further comprising:

forming an opening in the insulation layer which permits

sound signals to impinge upon a membrane of the silicon
microphone.

18. The method of claim 15, further comprising:

applying a capping substrate having an open cavity to the

thinned side of the molding compound so that the open
cavity in the capping substrate aligns with the cavity in
the molded substrate which contains the silicon micro-
phone and enlarges an open volume around the silicon
microphone.
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19. A molded package, comprising:

a semiconductor die embedded in a molding compound
and having a side uncovered by the molding compound;

a cavity formed in the molding compound;

a silicon microphone disposed in the cavity so that the
silicon microphone is not embedded in the molding
compound;

an insulation layer on the same side of the molding com-
pound as the side of the semiconductor die which is
uncovered by the molding compound; and

a metal layer contacting pads of the semiconductor die and
the silicon microphone through openings in the insula-
tion layer.

20. The molded package of claim 19, further comprising a
capping substrate applied to a side of the molding compound
opposite the insulation layer and the metal layer, so that an
open cavity in the capping substrate aligns with the cavity in
the molding compound which contains the silicon micro-
phone and enlarges an open volume around the silicon micro-
phone.



