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MICROELECTRONIC ASSEMBLIES WITH
INTEGRATED CIRCUITS AND
INTERPOSERS WITH CAVITIES, AND
METHODS OF MANUFACTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a division of U.S. patent
application Ser. No. 14/328,380, filed Jul. 10, 2014, incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

[0002] This document relates to semiconductor integrated
circuits (ICs), and more particularly to assemblies with semi-
conductor integrated circuits.

[0003] Multiple ICs can be combined in a high-density
assembly to provide needed functionality. High density is
desired for small assembly size and also to shorten electrical
paths as needed for high speed and low power consumption.
However, a small IC is a fragile device with tiny, densely
packed contact pads which must be connected to possibly
larger contact pads of other integrated or non-integrated (dis-
crete) circuits. To enable such connections, an intermediate
IC (interposer) can be provided. Interposers may also
increase the mechanical strength of the assembly, absorb
stresses generated due to differences in coefficients of ther-
mal expansion (CTE), and improve the ability to dissipate
heat that can be generated during operation or manufacture.
However, interposers increase the assembly size and com-
plexity, and they should be as thin as possible to shorten the
electrical connections through the interposers.

[0004] FIG. 1 illustrates an exemplary assembly 102 with
interposers as described in U.S. pre-grant patent publication
2007/0235850 by Gerber et al., published Oct. 11, 2007,
incorporated herein by reference. The assembly is connected
to external devices 104.2,104.1 by large solder balls 108. The
assembly includes ICs 110.1, 110.2 attached from the bottom
to respective larger ICs (interposers) 120.1, 120.2. A typical
IC is fabricated in a wafer, and an IC can occupy a whole
wafer, but an IC can also be part (“chip” or “die”) of a wafer.
InFIG. 1, ICs 110 (i.e. 110.1, 110.2) are dies attached to the
interposers by connections 140 which are smaller, and denser
packed, than solder connections 108. Interposers 120 are
thicker and wider than dies 110.

[0005] In regions not occupied by die 110.2, interposer
120.2 is connected to interposer 120.1 by studs 154. In
regions not occupied by die 110.1, interposer 120.1 is con-
nected to an underlying insulator-based substrate 160 by
other studs 154.

[0006] Each interposer 120 includes interconnects 158
each of which goes through the interposer and interconnects
the interposer’s circuits (not shown) coupled to connections
108, 140, 154. Insulator-based substrate 160 includes similar
interconnects 164.

[0007] In manufacturing, ICs 110 and 120 and substrate
160 are separately manufactured and then attached to each
other. Then the portion of assembly 102 above the substrate
160 is covered by an encapsulant (e.g. molding compound)
180 to mechanically strengthen the assembly. The assembly
is then attached to external devices 104.

[0008] As noted above, it is desirable to reduce CTE mis-
matches, and thus the ICs 110 and 120 and the encapsulant
180 should preferably be made of materials with similar
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CTEs. However, a typical encapsulant (epoxy) has a much
higher CTE than many ICs based on semiconductor materials
such as silicon, so there is a need to reduce the encapsulant
amount while still obtaining a robust assembly. Also, it is
desirable to improve the mechanical strength and heat dissi-
pation of intermediate structures obtained during manufac-
turing as well as the final structure.

SUMMARY

[0009] This section summarizes some features of the inven-
tion. Other features may be described in the subsequent sec-
tions. The invention is defined by the appended claims, which
are incorporated into this section by reference.

[0010] Some manufacturing techniques described below
reduce the assembly size and improve the mechanical
strength and heat-dissipation capabilities of IC assemblies
and intermediate structures. For example, in some embodi-
ments, the structure of FIG. 1 is modified by providing the
interposer 120.2 with a cavity on the bottom (shown as cavity
202.2 in FIG. 2), and the die 110.2 can be placed in the cavity;
or the die can be placed in a cavity 202.1 in the top surface of
interposer 120.1; in FI1G. 2, the die enters both cavities. There-
fore, the interposers 120.1 and 120.2 can be brought closer
together, shortening the studs 154 interconnecting the two
interposers. The assembly size is reduced, and so is the
amount of encapsulant 180 (the encapsulant amount can be
reduced both in the absolute terms and in the relative terms,
i.e. measured as a fraction of the assembly volume). The
mechanical strength is increased, partly because of the
reduced size (and in particular shorter studs 154) and partly
because a smaller fraction of the assembly volume is taken by
the encapsulant which is softer than other parts of the assem-
bly.

[0011] Due to the increased strength, it is easier to manu-
facture other circuits on interposers 120.1 and 120.2 after
their attachment to each other and to dies 110.1 and 110.2. For
example, in some embodiments, after the attachment, holes
204 are formed through the interposers 120.1 and 120.2, or
through part of the interposers (e.g. through the interposers’
substrates) to extend into the die 110.2, and conductive vias
are formed in the holes. Then other ICs (such as 110.1 and
110.3) or IC assemblies are attached to the top surface of
interposer 120.2 and the bottom surface of interposer 120.1
and electrically connected to the conductive vias in holes 204.
Further, in some embodiments, attachment of dies 110.3 can
be performed before dicing of interposers 120.1 and 120.2,
when the two interposers are still part of standard-size wafers:
manufacturing is simplified when performed on standard-size
structures. For example, circuit elements such as transistors,
capacitors, interconnects, etc. (not shown) can be formed on
interposer 120.2 before and/or after the attachment of IC
110.3. Of note, even though the interposer 120.2 has a cavity
on the bottom, the interposer’s top surface can be planar,
facilitating fabrication of holes 204 and other circuit elements
and the attachment of IC 110.3.

[0012] In some embodiments, the die 110.2 has contact
pads connected to interposer 120.1. In some embodiments,
the die 110.2 is placed in a through-hole in interposer 120.2.

[0013] The invention is not limited to the features and
advantages described above except as defined by the
appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 illustrates a vertical cross-section of assem-
blies including integrated circuits and constructed according
to prior art.

[0015] FIGS. 2, 3A, 3B, 3C, 3D, 3E, 4A, 4B, 4C, 5A.1
illustrate vertical cross-sections of structures according to
some embodiments as set forth in detail below.

[0016] FIGS.5A.2and5A.3 are bottom views of horizontal
cross sections according to some embodiments as set forth in
detail below.

[0017] FIGS.5B,5C.1,5C.2,5D,5E, 5F, 5G, 5H, 6,7, 8,9,
10, 11, 12, 13 illustrate vertical cross-sections of structures
according to some embodiments as set forth in detail below.

DESCRIPTION OF SOME EMBODIMENTS

[0018] The embodiments described in this section illustrate
but do not limit the invention. The invention is defined by the
appended claims.

[0019] FIG. 3A shows the beginning stages of fabrication
of'an interposer 120.1 according to some embodiments of the
present invention. The beginning and other stages are similar
to those described in U.S. patent application Ser. No. 14/214,
365, filed Mar. 14, 2014 by Invensas Corporation, and U.S.
provisional patent application No. 61/952,066, filed Mar. 12,
2014 by Shen et al., both incorporated herein by reference.
The interposer substrate 120.15 is initially chosen to be suf-
ficiently thick to provide easy handling and adequate heat
dissipation in fabrication. In some embodiments, substrate
120.15 is a monocrystalline silicon wafer of a 200 mm or 300
mm diameter and a thickness of 650 micron or more. These
materials and dimensions are exemplary and do not limit the
invention. For example, substrate 120.15 can be made of
other semiconductor materials (e.g. gallium arsenide), or
glass, or sapphire, or metal, or possibly other materials. Pos-
sible materials include NbTaN and LiTaN. The substrate will
later be thinned; for example, in case of silicon, the final
thickness could be 5 to 50 microns. Again, these dimensions
are not limiting.

[0020] Substrate 120.1S is patterned to form blind vias
224B (FIG. 3B). “Blind” means that the vias do not go
through substrate 120.1S. This can be done, for example, as
follows for silicon substrates. First, optional layer 310 (FIG.
3A) is formed on substrate 120.15 to protect the substrate
and/or improve the adhesion of subsequently formed photo-
resist 320. For example, layer 310 can be silicon dioxide
formed by thermal oxidation, chemical vapor deposition
(CVD), or sputtering. Then photoresist 320 is deposited and
photolithographically patterned to define the vias. Layer 310
and substrate 120.1S are etched in areas exposed by resist 320
to form the blind vias. The via depth is equal or slightly
greater than the final depth of substrate 120.1S, e.g. 5 to 51
microns for some silicon-substrate embodiments. The vias
can be formed by a dry etch, e.g. dry reactive ion etching
(DRIE). An exemplary diameter of each via can be 60
microns or less, but other dimensions are possible. The vias
can be vertical (as shown) or may have sloped sidewalls. As
noted above, the particular dimensions, processes and other
features are illustrative and not limiting. For example, the vias
can be laser-drilled or made by some other process.

[0021] The vias are then metallized. If substrate 120.1S is
silicon, this can be done as follows. Photoresist 320 and
protective layer 310 are removed, and a dielectric layer 324
(FIG. 3C) is formed on the entire top surface of substrate
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120.15. Dielectric 324 lines the via surfaces. In some embodi-
ments, dielectric 324 is formed by thermal oxidation of the
silicon substrate or by CVD or physical vapor deposition
(PVD). Dielectric 324 will electrically insulate the substrate
from subsequently formed metal in vias 224B. The dielectric
thickness depends on the desired process parameters, and is 1
micron in an exemplary thermal-oxide embodiment (a ther-
mal oxide is silicon dioxide formed by thermal oxidation).
Other dimensions and materials can be used instead. Dielec-
tric 324 can be omitted if substrate 120.15 is itself dielectric.
[0022] Then metal 224M (FIG. 3D) is formed in vias 224B
over the dielectric 324. In the embodiment shown, metal
224M fills up the vias, but in other embodiments the metal is
a liner on the via surfaces. In an exemplary embodiment,
metal 224M is electroplated copper. For example, a barrier
layer (metal or dielectric, not shown separately) is formed
first on dielectric 324 to aid in copper adhesion and prevent
copper diffusion into the dielectric 324 or substrate 120.15.
Suitable barrier layers may include a layer of titanium-tung-
sten (see Kosenko et al., US pre-grant patent publication
2012/0228778 published Sep. 13, 2012, incorporated herein
by reference), and/or nickel containing layers (Uzoh etal., US
2013/0014978 published Jan. 17, 2013, incorporated herein
by reference). Then a seed layer, e.g. copper, is formed on the
barrier layer by PVD (possibly sputtering). Then copper is
electroplated on the seed layer to fill the vias 224B and cover
the whole substrate 120.15. The copper is then removed from
the areas between the vias by chemical mechanical polishing
(CMP). Optionally, the CMP may also remove the barrier
layer (if present) from these areas, and may stop on dielectric
324. As a result, the copper and the barrier layer remain only
in and over the vias 224B.

[0023] Bellow, numeral 224 can refer to the metallized vias.
For ease of description, we will refer to vias 224 as “metal-
lized”, but non-metal conductive materials can also be used
(e.g. doped polysilicon). A conductive via (the feature formed
of'conductive material) 224M can be analogized to a whole or
part of an interconnect 158 of FIG. 2.

[0024] Iflayer 224M does not fill the vias but is only a liner
on the via surfaces, some other material (not shown) can be
formed on layer 224M as a filler to fill the vias and provide a
planar top surface for the wafer. This filler material can be
polyimide deposited by spin coating for example.

[0025] Optionally, as shown in FIG. 3E, redistribution layer
(RDL) 210.1 is formed on top of substrate 120.1S to provide
contact pads 120.1C at desired locations. The contact pads
can later be attached to studs 154 (FIG. 2), or to connections
140 attached to dies on top of the interposer, or other types of
connections (the interposer 120.1 of FIG. 2 does not have dies
attached to the top surface, but dies or multi-die assemblies
can be attached to the top surface if desired). Contact pads
120.1C can also be attached to discrete wires connecting the
interposer to other circuits. RDL 210.1 includes interconnect
lines 216 insulated from each other and from substrate 120.1S
by the RDL’s dielectric 220. Interconnect lines 216 can be
thought of as parts of interconnects 158 of FIG. 2. RDI, 210.1
can be formed by prior art or other techniques. RDL 210.1 is
omitted if the contact pads 120.1C are provided by the top
areas of metal 224M. In such a case, if substrate 120.15 is not
dielectric, then a dielectric layer can be formed on the sub-
strate and photolithographically patterned to expose the con-
tact pads 120.1C.

[0026] Interposer 120.1 may include transistors, resistors,
capacitors, and other devices (not shown) in substrate 120.15
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and redistribution layer 210.1. These devices can be formed
before, during and/or after the fabrication of vias 224 and
RDL 210.1 using the process steps described above and/or
additional process steps. Such fabrication techniques are well
known. See e.g. the U.S. Pat. No. 6,958,285 issued Oct. 25,
2005 to Siniaguine, and U.S. pre-grant patent publication
2012/0228778 by Kosenko et al. published Sep. 13, 2012,
both incorporated herein by reference.

[0027] Dies 110.1 are attached to interposer 120.1 and con-
nected to contact pads 120.1C. More particularly, dies 110.1
have circuitry (not shown) electrically coupled to contact
pads 110C, and the contact pads 110C are connected to
respective contact pads 120.1C by connections 140.1 (possi-
bly of the type described above for connections 140 or 154);
the attachment can use prior art methods (e.g. as in FIG. 1) or
other methods (e.g. diffusion bonding); in case of diffusion
bonding, the connections 140.1 are not additional elements
but are part of contact pads 110C and/or 120.1C. As shown in
insert A, the dies may have contact pads 110C on top which
are connected to contact pads 120.1C by discrete wires 140.1;
the wires can be attached by ultrasound bonding, or by solder,
or other methods. (Of note, studs 154 can also be formed as
discrete wires, possibly of the type described in U.S. pre-
grant patent publication 2014/0036454 (Feb. 6, 2014, Caskey
et al., entitled “BVA Interposer”, incorporated herein by ref-
erence.) The die-to-interposer attachment can be by dielectric
adhesive for example.

[0028] Throughout this disclosure, dies 110.1 can be
replaced by IC assemblies such as, for example, the assembly
102 of FIG. 1 or 2; an entire assembly can be connected to
contact pads 120.1C.

[0029] Optionally, an encapsulant (not shown) can be
formed under the dies (as underfill) and/or around the dies (to
completely or partially cover the dies’ sidewalls), and perhaps
above the dies (to completely cover the dies’ top and sidewall
surfaces), possibly by prior art techniques (e.g. including
molding and/or capillary action for underfill and/or pre-de-
posited underfill). The encapsulant can be any suitable mate-
rial (e.g. epoxy with silica or other particles, or non-conduct-
ing film for the underfill) or a combination of materials. No
encapsulant is used in some embodiments. Other embodi-
ments use an encapsulant, but the requirements for the encap-
sulant are relaxed because the assembly will be strengthened
by one or more other interposers closely positioned with
respect to interposer 120.1 (see FIG. 2 for example). In some
embodiments, the encapsulant is provided only underneath
the dies (as underfill), i.e. only between the dies and substrate
120.1S (around the connections 140.1).

[0030] In the embodiment being described, interposer
120.1 does not have any cavities (such as cavity 202.1 in FIG.
2), but one or more cavities can be provided, possibly by
known techniques, as illustrated immediately below on the
example of interposer 120.2 (FIGS. 4A-4C).

[0031] Just like interposer 120.1, interposer 120.2 may be
provided with circuits including transistors, resistors, capaci-
tors, and/or other elements. Circuitry can be manufactured in
interposer 120.2 before and/or after the attachment to inter-
poser 120.1.

[0032] Interposer 120.2 should be sufficiently rigid to
facilitate subsequent handling of the assembly as explained
below. In the embodiment shown, interposer 120.2 includes
monocrystalline silicon substrate 120.2S of a thickness 650
microns or higher. Other materials (e.g. glass, metal, polymer
plastic, and others) and thicknesses are possible, based on any
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factors that may be important (including the availability of
materials and processes). One possible factor is reducing the
mismatch of the coefficients of thermal expansion (CTE)
between substrates 120.2S and 120.1S: if substrate 120.1S is
silicon, then substrate 120.2S could be silicon or another
material with a similar CTE. Another factor is reducing the
CTE mismatch between interposer 120.2 and dies 110.1 (es-
pecially if the dies may physically contact the interposer
120.2 or may be attached to interposer 120.2). The choice of
materials can also be affected by the type of circuitry that
must be provided in interposer 120.2.

[0033] Another possible factor is high thermal conductivity
to better enable the interposer 120.2 to conduct heat to the
ambient. For example, metal may be appropriate.

[0034] Openings 202.2 (FIG. 4C) are cavities formed in
interposer 120.2 to match the size and position of dies 110.1.
An exemplary process is as follows (this process is appropri-
ate for a silicon substrate 120.2S, and may be inappropriate
for other materials; known processes can be used for silicon
or other materials). First, an auxiliary layer 420 (FIG. 4A) is
formed to cover the substrate 120.2S for protection or for
improved adhesion of subsequently formed photoresist 430.
Resist 430 is then deposited and patterned photolithographi-
cally to define the cavities 202.2. Auxiliary layer 420 exposed
by the resist openings is etched away. Then (FIG. 4B) sub-
strate 120.2S is etched in these openings to form cavities
202.2 with sloped, upward-expanding sidewalls (e.g. by a wet
etch). The cavity depth depends on the thickness of dies 202.2
and connections 140.1 as explained below. Non-sloped (ver-
tical) sidewalls can also be obtained, by an anisotropic dry
etch for example. Retrograde sidewalls or other sidewall pro-
files are also possible.

[0035] Then photoresist 430 is removed (FIG. 4C). In the
example shown, auxiliary layer 420 is also removed, but in
other embodiments layer 420 remains in the final structure.

[0036] Optionally, a dielectric 434, e.g. silicon dioxide or
polyimide, is formed to cover the substrate surface by any
suitable techniques (e.g. sputtering, or thermal oxidation if
substrate 120.2S is silicon).

[0037] Asshownin FIG. 5A.1, interposer 120.2 is attached
to interposer 120.1; each die 110.1 fits into a respective cavity
202.2. More particularly, legs 120.2L. of interposer 120.2 are
attached to the top surface of interposer 120.1 (e.g. to RDL
210.1 if the RDL is present; legs 120.2L. are those portion(s)
of interposer 120.2 that surround the cavities). The interposer
attachment is shown as direct bonding, but other types of
attachments (e.g. by adhesive) can also be used. The entire
assembly is marked with numeral 504.

[0038] In this embodiment, the interposers are attached
without being electrically interconnected, and in fact no cir-
cuitry has been manufactured in interposer 120.2 at this stage.
In other embodiments, circuitry has been manufactured in
interposer 120.2, possibly with contact pads in legs 120.2L,
and these contact pads can be connected to contact pads in
interposer 120.1 with studs 154 of FIG. 2 or other types of
connections (possibly using solder, diffusion bonding, or
other types).

[0039] InFIG.5A.1, the dies’ top surfaces physically con-
tact the top surfaces of cavities 202.2 (i.e. the layer 434), and
the dies may be bonded to layer 434 by direct bonding.
Alternatively, the bonding can be by adhesive; the adhesive
can be dielectric or anisotropic so as not to short together the
subsequently formed conductive vias in holes 204 (see FIG.
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2). Alternatively, conductive adhesive can be used if it is
limited to the vicinity of holes 204 so as not to short together
the conductive vias.

[0040] Bonding of dies 110.1 to the cavity surfaces
increases the bonding strength between the interposers 120.1,
120.2 and improves the thermal conductivity of the thermal
path from the dies to interposer 120.2.

[0041] As noted above, in some embodiments the dies are
underfilled and/or encapsulated from above by a suitable
protective material (not shown in FIG. 5A.1), e.g. the same
material as in encapsulant 180 in FIG. 1. In case of encapsu-
lation from above, the cured encapsulant may be a solid
material (possibly thermosetting) physically contacting the
top surfaces of cavities 202.2. The encapsulant may be
bonded to the cavity surfaces as described above, with ben-
efits similar to those described above for the no-encapsulant
embodiments.

[0042] Insome embodiments, the cavities 202.2 are of uni-
form depth, and the top surfaces of the dies (or encapsulant)
may be provided with uniform height. To improve the height
uniformity, the dies (or encapsulant) can be polished before
joining of interposer 120.2 to interposer 120.1. Suitable pol-
ishing processes include lapping, grinding, and chemical
mechanical polishing (CMP). Also, temperature interface
material (TIM, not shown here but shown at 525 in FIGS.
5A.2 and 5A.3 discussed below) can be placed in the cavities
to improve thermal transfer between the dies and interposer
120.2. TIM’s thermal conductivity can usually be higher than
that of air. Exemplary TIMs are those that exist in semisolid,
gel-like (grease-like) state throughout the range of expected
operating temperatures (e.g. 0° C. to 200° C. for some assem-
blies) or at least when the temperatures are high to make die
cooling particularly desirable (20° C. to 200° C. for some
assemblies). The gel-like materials fill free spaces between
the dies and interposer 120.2 to provide a thermally conduc-
tive path away from the dies. An exemplary TIM material is a
thermal grease available from Arctic Silver, Inc. (having an
office in California, USA); the grease’s thermal conductivity
is 1 W/mK.

[0043] In some embodiments, substrate 120.2S and/or
layer 434 is soft and capable to deform to accommodate the
height variations in dies 110.1. In some embodiments, possi-
bly before the dies are attached to the interposer 120.1, the
dies’ surfaces (top surfaces in FIG. 5A.1) are provided with a
soft dielectric layer (not shown, possibly polyimide or epoxy
or other polymer) to facilitate fitting the dies to cavities 202.2
in view of height variations. In some embodiments, a semi-
solid material such as resin is used, which is cured after the
interposer-to-interposer attachment. In some embodiments, a
soft dielectric (not shown) is formed on the top surface of
interposer 120.1 and dies 110.1 after the die attachment to the
interposer, at the stage of FIG. 3E, and is possibly polished.

[0044] FIG. 5A.2 shows a possible bottom view of the
horizontal cross section passing through the dies of the struc-
ture of FIG. 5A.1 (only halfof the cross section is shown, with
just one cavity). In the example of FIG. 5A.2, the dies are
surrounded by thermal interface material (TIM) 525. The legs
120.2L. form a region completely surrounding each cavity,
and the interposer 120.1 area bonded to the legs also com-
pletely surrounds each cavity.

[0045] FIG. 5A.3 shows another possible bottom view of
the same horizontal cross section, also with TIM 525. In this
example, the legs 120.2L are provided only on two opposite
sides of each cavity (left and right sides) but are not provided
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above and below. Each cavity 202.2 is a horizontal groove in
substrate 120.2S, containing possibly other dies (any cavity
202.2 may also have only one die). The groove may run
through the entire substrate 120.2S. Other cavity shapes are
also possible.

[0046] After the bonding of interposer 120.2 to interposer
120.1, interposer 120.2 is optionally thinned from the top; see
FIG. 5B. The thinning can be performed by chemical etching,
mechanical grinding, a combination of the two (e.g. chemical
mechanical polishing), or possibly other processes. In some
embodiments, the initially thickness of interposer 120.2S
made of'silicon is 2 to 1000 microns (e.g. 650 to 750 microns),
the cavity depth is 1 to 998 microns, and the final thickness of
interposer substrate 120.2S above the cavities is 1 to 999
microns. These dimensions are for illustration only and are
not limiting. Of note, the structure remains strong due in part
to the high thickness of interposer 120.1 (this interposer will
be thinned later).

[0047] Insome embodiments, the top surface of interposer
120.2 remains planar. Interposers 120.1 and 120.2 have not
been diced, so the lateral shape of the assembly can be the
same as of a standard wafer. These particulars are not limit-
ing.

[0048] Now additional circuits (not shown) can be fabri-
cated on top of interposer 120.2 and connected to dies 110.1
and/or interposer 120.1 by conductive vias passing through
holes 204 (see FIGS. 2 and 5C.1). Holes 204 can be formed
using known techniques, e.g. laser drilling or etching, or laser
drilling followed by etching, or other processes. If etching is
used and an etch mask is desired, the etch mask (not shown)
can be formed using photoresist by known techniques. The
holes 204 may terminate at any desired point, and different
holes may have different depths; some examples are illus-
trated in FIG. 5C.2 showing a die 110.1 on a larger scale. In
this example, the die has a semiconductor substrate 1105 (e.g.
monocrystalline silicon) and conductive and dielectric layers
110CD formed on the substrate’s bottom surface and provid-
ing the contact pads 110C. The die may include transistors,
resistors, and other kinds of circuit elements. Hole 204.1
terminates at a contact pad 110C. Hole 204.2 terminates at
some other conductor or semiconductor feature 510.1 in lay-
ers 110CD. Hole 204.3 terminates at a feature 510.2 in sub-
strate 1105. For example, feature 510.2 may be a transistor
source or drain region or a trench formed in substrate 1105
and filled with a conductive material, possibly metal, possibly
insulated from substrate 1105 by a dielectric layer (not
shown).

[0049] Feature 510.3 is a metallized via formed through
substrate 1108, and hole 204 .4 terminates at the via, i.e. at the
top surface of die 110.1. Hole 204.5 terminates above the
feature 510.5 to provide capacitive coupling to the feature as
described below. While the holes are shown above the respec-
tive features, a hole may also be on a side of a respective
feature, to provide electrical coupling from the side. These
examples are not limiting.

[0050] AsshowninFIG. 5D (same view as in FIG.5C.2 but
without solder 140.1 and some of the contact pads 110C),
conductive vias 204M are formed in holes 204. In some
embodiments, conductive vias 204M are made by the same or
similar process as described above for vias 224M. For
example, dielectric 514 can be deposited over the sidewalls of
holes 204. (An exemplary, not limiting process is chemical
vapor deposition or sputtering of silicon dioxide, followed by
removal of dielectric 514 from the hole bottoms, e.g. by a
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masked etch or an unmasked vertical etch, to expose the
features 510; the dielectric does not have to be removed if the
feature will not be exposed—note feature 510.5). Then a
conductor 204M, e.g. metal, is formed to physically contact
or be capacitively coupled to the adjacent (e.g. underlying)
features 510 and fill up the holes 204 (in some embodiments,
conductor 204M is electroplated copper, but other metal or
non-metal conductors and processes can be used). In other
embodiments, conductor 204M lines the hole surfaces but
does not fill up the holes; the holes can be filled up by another
filler. Ifthe conductor was deposited outside of holes 204, and
the conductor is not desired outside the holes, the conductor
can be removed outside the holes, by CMP or an etch for
example. In some embodiments, the conductor is patterned
outside the holes to provide interconnects or other circuit
elements.

[0051] Dielectric 514 is omitted from subsequent drawings
for simplicity.
[0052] Then dies 110.2 (FIG. 5E) are attached to interposer

120.2, possibly in a manner similar to the attachment of dies
110.1 to interposer 120.1 (see FIG. 3E). Before the die attach-
ment, any desired type of circuitry can be formed at the top of
interposer 120.2. In the example of FIG. 5E, an optional RDL.
120.2 is added to interposer 120.2 in a manner similar to RDL
120.1; the RDL 120.2 provides contact pads 120.2C on top of
interposer 120.2, and provides conductive lines which inter-
connect the contact pads and the conductive vias 204M in a
desired pattern. The RDIL. 120.2 is optional as the contact pads
can be provided by conductive vias 204M.

[0053] The contact pads at the top of interposer 120.2 are
connected to contact pads 110C of dies 110.2 by connections
140.2, which can be solder, adhesive, possibly using diffusion
bonding or discrete wires or other techniques, as described
above for connections 140,140.1,108,154. Dies 110.2 do not
have to be vertically aligned with dies 110.1.

[0054] Dies 110.2 can optionally be underfilled and/or
encapsulated from above.

[0055] As illustrated in FIG. 5F, the process of FIGS.
4A-5E can be repeated any number of times to attach any
number of die-on-interposer structures to interposer 120.2. In
the example of FIG. 5F, interposer 120.3 is bonded to inter-
poser 120.2 and can accommodate the dies 110.2 in its cavi-
ties 202.3. Alternatively, cavities can be provided in the top
surface of interposer 120.2 to accommodate the dies 110.3 in
whole or in part, or both interposers 120.2 and 120.3 may
have cavities enclosing the dies as in FIG. 2.

[0056] Then conductive vias 204M are formed in interposer
120.3 to reach and possibly partially penetrate the dies 110.2,
and other dies 110.3 are attached to interposer 120.3 so as to
be electrically coupled to vias 204M (possibly through RDL
210.3 optionally formed on top of interposer 120.3, and/or
through other circuits; FIG. 5F does not show the intercon-
nects in RDL 210.3 for simplicity). The attachment and inter-
connection can be as for dies 110.1 (FIG. 3E). Another inter-
poser 120.4 is attached on top to accommodate the dies in its
cavities 202.4, and so on. The process can stop after the
attachment of the last interposer 120.; (i=4 in FI1G. 5F), or the
last interposer can be omitted, i.e. the process can stop with-
out an interposer over the top dies 110 (the dies may or may
not be underfilled and/or encapsulated from above by epoxy
or some other molding or non-molding compound).

[0057] In some embodiments, different interposers have
different thickness, e.g. the top interposer may be thicker than
the underlying interposers. The thickness of each interposer is

May 12, 2016

defined as a function of desired properties, such as rigidity,
resistance to warpage, heat dissipation, and assembly size.
[0058] At any stage, possibly after the stage of FIG. 5F, the
interposer 120.1 can be thinned from the bottom to expose the
metal 224M (FIG. 5G). The thinning involves partial removal
of substrate 120.1S and dielectric 324 (if the dielectric is
present). The thinning may be performed by known tech-
niques (e.g. mechanical grinding or lapping of substrate 120.
1S followed by dry or wet, masked or unmasked etch of
substrate 120.1S and dielectric 324; the substrate and the
dielectric are etched simultaneously in some embodiments.)
In some embodiments, dielectric 324 protrudes out of sub-
strate 120.1S around metal 224M at the end of the thinning
operation, and metal 224M protrudes out ofthe dielectric. See
for example the aforementioned U.S. Pat. No. 6,958,285. As
noted above, the invention is not limited to particular pro-
cesses.

[0059] In some embodiments, even though the interposer
120.1 is reduced in thickness, the interposer 120.1 is kept flat
by overlying interposer 120.2 and by higher interposers if
present, so the handling of the assembly 504 is facilitated. The
overlying interposer(s) 120 also improve mechanical integ-
rity (e.g. increase rigidity and weight) to further facilitate
handling of the assembly. Also, the overlying interposers 120
help absorb and dissipate the heat generated during this and
subsequent fabrication stages and in subsequent operation of
assembly 504. The final thickness of substrate 120.1S can
therefore be very low, e.g. 50 microns or even 5 microns or
less. The same is true for the overlying interposers, or at least
for the interposer portions at the cavities (above the dies).
Hence, vias 204M and blind vias 224B (FIG. 3B) can be
shallow. The shallow depth facilitates fabrication of the met-
allized vias (i.e. facilitates the via etch and subsequent depo-
sition of dielectric and metal into the vias). The shallow depth
also shortens the signal paths through the vias. Moreover, if
the vias are short, each via can be narrower while still allow-
ing reliable dielectric and metal deposition. The via pitch can
therefore be reduced.

[0060] Subsequent process steps depend on the particular
application. In some embodiments (FIG. 5H), RDL 210.B
and/or other circuits are formed on the bottom of substrate
120.18, possibly using the same techniques as for the RDLs
and circuits on top of interposers. RDL 210.B provides con-
tact pads 120.CB and connects them to metal 224M. (If the
RDL is omitted, the contact pads are provided by metal 224M
and/or other circuit elements). If desired, the assembly 504
can be diced into stacks (dies) 504S along dicing lines such as
520. Then the dies 504S, or the entire assembly 504 if dicing
is omitted, can be attached and connected to other structures
and or external devices, such as substrate 160 (e.g. a printed
wiring substrate) and devices 104 in FIG. 2. The attachment
uses connections 140.2 that can be solder or other types
described above for connections 140 and 154. These details
are not limiting.

[0061] Many variations are possible. The dies 110 on top of
any interposer do not have to be aligned with the dies on any
interposer above or below; therefore, the cavities enclosing a
die on any interposer do not have to be aligned with any other
cavities.

[0062] FIG. 6 shows a part of a similar cross section as in
FIG. 5E, with conductive vias 204M-1 and 204M-2 passing
through all or part of RDL 210.2. Any conductive via 204M
may pass through all or part of a corresponding RDL., and
may be formed after formation of all or part of the RDL.
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[0063] FIG.7 illustrates a variation at the stage of FIG. 5G;
as illustrated, a conductive via 204M (such as 204M.1 in FIG.
7) passes through multiple interposers (all the interposers
120.1 through 120.3 and partially through interposer 120.1 in
FIG. 7). The via may physically contact, and electrically
interconnect, any number of conductive of other features in
the interposers. In FIG. 7, the via 204M.1 reaches each RDL
210 and is connected by the RDL’s interconnects both to
some of'the RDL.’s contact pads attached to the overlying dies
110 and to some vias 204M or 224M that reach the RDL. Of
note, the same die 110 can be connected to via 204M.1 from
above—through via 204M entering the die, and from
below—through the die’s contact pads 110C. If a die is
replaced by a multi-die module, the module can be connected
from above and below; for example, the module’s top die can
be connected to via 204M from above, and the bottom die
from below. This architecture is highly suitable for some
types of circuits. One type is a memory cube: some of dies 110
can be memory or dies, and vias like 204M.1 can serve as
TSVs (through-substrate vias) to connect the memory and
logic to each other. The memory access terminals can be in
interposer 120.1 or in circuits attached below the interposer,
or the memory access terminals can be provided by a circuit
(not shown) in the top interposer (such as 120.4), possibly on
top of the top interposer, or by circuits formed above the top
interposer. Some memory cubes are described for example in
“Hybrid Memory Cube Specification 1.0”, Hybrid Memory
Cube Consortium, 2013, and U.S. Pat. No. 8,397,013 (Mar.
12, 2013, Rosenband et al.), both incorporated herein by
reference.

[0064] It is assumed that dicing lines will not pass through
vias 204M.1. Alternatively, the dicing dies may or may not
pass through the vias; for example, a via 204M.1 can be used
to test the structure before dicing, and/or to provide an inter-
connect which after dicing is located on a side of a die 504S.
[0065] InFIG. 8 shows another variation at the same stage
as FIG. 7: a via 204M.1 passes through interposer 120.4
between the cavities 202.4 and enters a cavity 202.3 and die
110.3 in the cavity to interconnect a feature or features (not
shown) in the die to another feature or features (not shown) in
RDL 210.3 or interposer 120.4.

[0066] Some vias 204M may serve just as heat sinks, pos-
sibly having no electrical functionality. FIG. 9 shows an
example (at the same stage as FIG. 8) with such vias 204M.1,
204M.2. Via 204M.1 passes through interposer 120.4 and
partially through a die 110.3 in cavity 202.4. Vias 204M.2
pass partway through interposer 120.4 and do not reach the
interposer’s cavities. Such vias can be present atany level, i.e.
in any interposer; for example, they can be placed next to,
and/or inside, a die which is expected to generate much heat
(e.g. a microprocessor die).

[0067] FIG. 10 shows another variation: RDL 210.4 is
added ontop ofthe upper interposer 120.4. The RDL provides
top contact pads 120.CT that can be connected to other IC
assemblies or discrete devices, using for example connec-
tions 140.T that can be of any type described above for con-
nections 140 and 154. Vias 204M pass through the interposer
120.4 and partially through dies in interposer cavities 202.4 as
in other embodiments described above.

[0068] Further, the assembly includes a reinforcement
frame (stiffener frame) 1010. Reinforcement frame 1010 is
similar to an interposer but has through holes 202.4' in place
of cavities; dies 110.3 are located in through holes 202.4' and
may extend up into respective cavities 202.4. Due to the
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reinforcement frame, the cavities 202.4 can be shallower. Of
note, the reinforcement frame 1010 does not need a layer like
dielectric 434.

[0069] Through holes 202.4' may or may not be vertically
aligned with cavities 202.4; see for example FIG. 11 which is
similar to FIG. 10 but interposer 120.4 does not have a cavity
over one of through-holes 202.4'; this through hole has mul-
tiple dies one of which is penetrated by a via 204M.1 passing
through the substrate of interposer 120.4.

[0070] Features described above can be used separately or
in any combination. For example, the top RDI. 210.4 with the
top contact pads 120.CT can be provided in any of the
embodiments of FIGS. 5H through 9. Also, reinforcement
frame 1010 can be omitted in the embodiment of FIG. 10 or
11, and/or can be provided at any level: any number of rein-
forcement frames can be stacked between any two adjacent
interposers and/or above the top interposer in any of the
embodiments of FIGS. 5H through 11. Also, the conductive
vias 204M of any figure can be present the other embodiments
of other figures at any level. Other features can be similarly
combined or omitted.

[0071] As illustrated in FIG. 2, an interposer such as 120.2
may include a die (such as 110.2) attached to the interposer’s
bottom surface: the die has contact pads on top (similar to
110C in FIG. 10) that are connected to contact pads (not
shown) on the bottom of interposer 120.2 in cavity 202.2. A
metallized via 204 can be made in the interposer’s (or inter-
poser’s substrate’s) top surface before or after the interposer
attachment to interposer 120.1 (we use the numeral 204 for
either a hole or a conductive via 204M in the hole. Advanta-
geously, the conductive via 204 (or even the hole) can be
formed after the interposer-to-interposer attachment, when
the assembly is mechanically stronger and more capable to
dissipate heat. The via can pass through part of die 110.2 and
connect circuitry on top of interposer 120.2 to a circuit feature
in die 110.2. Another metallized via 204 can be made in the
bottom surface of interposer 120.1 or the interposer’s sub-
strate (not shown separately) using similar techniques and
may reach or even enter die 110.2 to be electrically coupled to
the die’s circuitry (not shown).

[0072] Further, the die 110.2 can be replaced by an assem-
bly, and the same is true for all dies 110 described above. See
FIG. 12 which is similar to FIG. 2 but die 110.2 is replaced by
astack of three dies 110.2',110.2",110.3" of different dimen-
sions. Die 110.2" has its top contact pads attached to contact
pads of interposer 120.2 in cavity 202.2; die 110.2" has its top
contact pads attached to bottom contact pads of die 110.2'; die
110.2"™ has its top contact pads attached to bottom contact
pads of die 110.2". In addition, die 110.2" has a bottom
contact pad attached to a top contact pad of interposer 120.1
by a connection 140.1. Die 110.2" also has a top contact pad
attached to a bottom contact pad of interposer 120.2 outside
of cavity 202.2 by a stud 154.1. Stud 154.1 can be, for
example, as described above, or as described in U.S. pre-grant
patent publication 2014/0036454 (Feb. 6, 2014, Caskey et al.,
entitled “BVA Interposer”, incorporated herein by reference),
or can be some other kind of connection.

[0073] Die 110.2" is located in cavity 202.1 of interposer
120.1, and may have bottom contact pads connected to those
of interposer 120.1 (this is not shown).

[0074] Vias 204 is as in FIG. 2, and can be structurally
and/or functionally similar similarly to any via 204M
described above. Bottom via 204 enters multiple dies 110.2",
110.2™"; the same is true for other architectures described
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above: a via 204 may pass through and enter any number of
dies and be electrically coupled to circuitry in multiple dies in
all or some of the dies that the via enters.

[0075] FIG. 13 is like FIG. 12 but shows a via 204 passing
through all the three dies 110.2', 110.2", 110.2"" and both
interposers 120.1, 120.2. The via passes through the cavities
202.1 and 202.2.

[0076] Some embodiments include methods and structures
defined by the following clauses:

[0077] Clause 1 defines method for fabricating a microelec-
tronic assembly, the method comprising:

[0078] obtaining a first structure (e.g. as in FIG. 2 or 5B or
12 or other figures) comprising:

[0079] aplurality of interposers (e.g. 120.1, 120.2) over-
lying one another and comprising a first interposer (e.g.
120.1 in FIG. 5B or 120.2 in FIG. 2) and a second
interposer (e.g. 120.2 in FIG. 5B or 120.1 in FIG. 2),
each of the first and second interposers comprising a first
side facing the other one of the first and second inter-
posers and comprising a second side opposite to the first
side, wherein at least the first interposer comprises one
or more first contact pads at its first side (e.g. on top of
RDL 210.1 in FIG. 5B or on the bottom of interposer
120.2 in FIG. 2);

[0080] one or more first modules (e.g. dies or other
assemblies 110.1 in FIG. 5B or 110.2 in FIG. 2 or 110.
2'+110.2"+110.2" in FIG. 12) attached to the first inter-
poser between the first and second interposers, at least
one first module comprising a semiconductor integrated
circuit and comprising one or more contact pads electri-
cally coupled to the integrated circuit and to at least one
first contact pad (a die may contain circuitry electrically
coupled to the die’s contact pads); and

[0081] wherein at least one of the first and second interpos-
ers comprises one or more first cavities (e.g. 202.2), and at
least part of each first module is located in a respective first
cavity; and

[0082] after obtaining the first structure, forming one or
more first conductive vias (e.g. 204M) each of which passes
through at least part of at least one of the first and second
interposers to reach at least one respective first cavity and to
physically contact, or be capacitively coupled to, circuitry of
at least one respective first module at least partially located in
the respective first cavity (such as any via 204M in FIG. 5D
for example).

[0083] Clause 2 defines the method of clause 1 wherein at
least one first conductive via enters at least one respective first
module (alternatively, the via may terminate at the surface of
a first module without entering the first module).

[0084] Clause3 defines the method of any preceding clause
wherein at least one first conductive via enters a semiconduc-
tor substrate of at least one semiconductor integrated circuit
of at least one first module.

[0085] Clause 4 defines the method of any preceding clause
wherein at least one first conductive via passes through a
semiconductor substrate of at least one semiconductor inte-
grated circuit of at least one first module.

[0086] ClauseS5 defines the method of any preceding clause
wherein at least one first conductive via passes through at
least part of each of the first and second interposers and
through the respective first cavity.

[0087] Clause 6 defines the method of any preceding clause
wherein at least one first conductive via passes through at
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least part of the second interposer (e.g. through substrate
120.28 ofinterposer 120.2 in FIG. 5D) and enters at least one
respective first module.

[0088] Of note, in a variation of FIG. 2, an additional via
204M (not shown) can pass through the substrate of inter-
poser 120.1 into cavity 202.1 and can enter the die 110.2.
[0089] Clause 7 defines the method of any preceding clause
further comprising, after forming the one or more first con-
ductive vias, attaching a second module (e.g. a die or module
1110.2 in FIG. 5E) to the second interposer’s second side to
electrically couple circuitry in the second module to at least
one first conductive via which passes through at least part of
the second interposer to enter a first module and electrically
couple circuitry in the first module to circuitry in the second
module.

[0090] Clause 8 defines the method of any preceding clause
wherein each first conductive via is formed in a respective
first hole (e.g. 204 in FIG. 5C.1) formed after obtaining the
first structure.

[0091] Clause 9 defines the method of any preceding clause
further comprising:

[0092] forming one or more second holes (e.g. for thermal
vias 204M.1 or 204M.2 in FIG. 9) each of which passes at
least partially through at least one of the first and second
interposers;

[0093] forming thermally conductive material in each sec-
ond hole, the thermally conductive material having a higher
thermal conductivity than at least one of the first and second
interposers’ portions which contains at least part of the sec-
ond hole, the thermally conductive material having no elec-
trical functionality. (For example, the thermally conductive
material can be metal.)

[0094] Clause 10 defines the method of any preceding
clause further comprising forming one or more second con-
ductive vias (such as 204M.1 in FIG. 7) each of which at least
partially passes through a set of two or more of the interposers
(all the interposers in FI1G. 7).

[0095] Clause 11 defines the method of clause 10 wherein
at least one second conductive via is electrically coupled to
first conductive vias passing through at least parts of at least
two of the interposers of the set.

[0096] Clause 12 defines the method of clause 10 or 11
wherein at least one second conductive via is formed after
obtaining the first structure. (In some embodiments, the holes
for the vias can be formed after obtaining the first structure
such as shown in FIG. 5B, or can at least partially be formed
at an earlier stage; for the example, the hole portions passing
through substrate 120.2S can be formed before the interposer-
to-interposer bonding.)

[0097] Clause 13 defines the method of any preceding
clause wherein each interposer has a substrate, and each first
conductive via passes through the respective interposer’s sub-
strate.

[0098] Clause 14 defines the method of clause 13 wherein
each substrate is a semiconductor substrate.

[0099] Clause 15 defines a microelectronic assembly com-
prising:
[0100] a plurality of interposers overlying one another and

comprising a set of at least two interposers each of which
comprises one or more first contact pads;

[0101] aplurality of first modules each of which is attached
to at least one of the interposers and comprises a respective
semiconductor integrated circuit and one or more contact
pads each of which is electrically coupled to the integrated
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circuit and connected to a respective first contact pad, wherein
each interposer in the set has a first contact pad connected to
a contact pad of a first module;

[0102] wherein at least one of the interposers comprises
one or more first cavities, and at least part of each first module
is located in at least one respective first cavity;

[0103] wherein the microelectronic assembly further com-
prises:
[0104] one or more first conductive vias each of which

passes through at least part of at least respective one of the
interposers and reaches at least one respective first cavity and
physically contacts, or is capacitively coupled to, circuitry of
at least one respective first module at least partially located in
the respective first cavity;

[0105] one or more second conductive vias (for example,
204M.1in FIG. 7) each of which has a segment which at least
partially passes through at least respective two of the inter-
posers outside of any first cavity which have respective first
conductive vias (e.g. other vias 204M in FIG. 7) electrically
coupled to the segment.

[0106] Clause 16 defines the microelectronic assembly of
claim 15 wherein for at least one second conductive via, the
respective first conductive vias are electrically coupled to said
segment of the second conductive via.

[0107] Clause 17 defines the microelectronic assembly or
method of any preceding clause wherein each interposer has
a substrate, and each first conductive via passes through the
respective interposer’s substrate.

[0108] Clause 18 defines the microelectronic assembly of
clause 17 wherein each substrate is a semiconductor sub-
strate.

[0109] Clause 19 defines the microelectronic assembly or
method of any preceding clause wherein at least one first
conductive via enters a semiconductor substrate of at least
one semiconductor integrated circuit of at least one first mod-
ule.

[0110] Clause 20 defines the microelectronic assembly or
method of any preceding clause wherein at least one first
conductive via passes through a semiconductor substrate of at
least one semiconductor integrated circuit of at least one first
module.

[0111] Clause 21 defines the method or microelectronic
assembly of any preceding clause wherein each conductive
via extends along a vertical axis which is an imaginary line
passing through the via.

[0112] Clause 22 defines the method or microelectronic
assembly of any preceding clause wherein at least one first
conductive via enters at least one respective first module.
[0113] The invention is not limited to the embodiments
described above. Other embodiments and variations are
within the scope of the invention, as defined by the appended
claims.

1. A microelectronic assembly comprising:

a plurality of interposers overlying one another and com-
prising a set of at least two interposers each of which
comprises one or more first contact pads;

a plurality of first modules each of which is attached to at
least one of the interposers and comprises a respective
semiconductor integrated circuit and one or more con-
tact pads each of which is electrically coupled to the
integrated circuit and connected to a respective first con-
tact pad, wherein each interposer in the set has a first
contact pad connected to a contact pad of a first module;
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wherein at least one of the interposers comprises one or
more first cavities, and at least part of each first module
is located in at least one respective first cavity;

wherein the microelectronic assembly further comprises:

one or more first conductive vias each of which passes
through at least part of at least respective one of the
interposers and reaches at least one respective first cav-
ity and physically contacts, or is capacitively coupled to,
circuitry of at least one respective first module at least
partially located in the respective first cavity;

one or more second conductive vias each of which has a

segment which at least partially passes through at least
respective two of the interposers outside of any first
cavity which have respective first conductive vias.

2. The microelectronic assembly of claim 1 wherein for at
least one second conductive via, the respective first conduc-
tive vias are electrically coupled to said segment of the second
conductive via.

3. The microelectronic assembly of claim 1 wherein each
interposer has a substrate, and each first conductive via passes
through the respective interposer’s substrate.

4. The microelectronic assembly of claim 3 wherein each
substrate is a semiconductor substrate.

5. The microelectronic assembly of claim 1 wherein at least
one first conductive via enters a semiconductor substrate of at
least one semiconductor integrated circuit of at least one first
module.

6. The microelectronic assembly of claim 1 wherein at least
one first conductive via passes through a semiconductor sub-
strate of at least one semiconductor integrated circuit of at
least one first module.

7. The microelectronic assembly of claim 1 wherein each
via of the first and second conductive vias extends along a
vertical axis which is an imaginary line passing through the
via.

8. The microelectronic assembly of claim 1 wherein at least
one first conductive via enters at least one respective first
module.

9. A microelectronic assembly comprising:

a plurality of interposers overlying one another, each inter-
poser comprising one or more first contact pads;

a plurality of first modules each of which is attached to at
least one of the interposers and comprises a respective
semiconductor integrated circuit and one or more con-
tact pads each of which is electrically coupled to the
integrated circuit and connected to a respective first con-
tact pad, wherein at least one said interposer has a first
contact pad connected to a contact pad of a first module;

wherein at least one of the interposers comprises one or
more first cavities, each first cavity being located
between two of the interposers, and at least part of each
first module is located in at least one respective first
cavity;

wherein the microelectronic assembly further comprises
one or more first conductive vias, each first conductive
via extending along a vertical axis which is an imaginary
line passing through the via, each first conductive via
passing through at least part of at least one respective
interposer and reaching a respective first cavity and
physically contacting, or being capacitively coupled to,
circuitry of at least one respective first module at least
partially located in the respective first cavity.
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10. The microelectronic assembly of claim 9 wherein at
least one first conductive via passes through a substrate of at
least one respective interposer bounding the respective first
cavity.

11. The microelectronic assembly of claim 10 wherein the
substrate of the at least one respective interposer is a semi-
conductor substrate.

12. The microelectronic assembly of claim 10 wherein at
least one first conductive via enters a semiconductor substrate
of at least one semiconductor integrated circuit of at least one
respective first module on a first side of the respective first
module, and the respective first module has one or more
contact pads on a second side opposite from the first side.

13. The microelectronic assembly of claim 12 wherein said
at least one first conductive via has a first end in the semicon-
ductor substrate of said at least one semiconductor integrated
circuit of the first module and has another end at a contact pad
of the microelectronic assembly.

#* #* #* #* #*
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