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(57) ABSTRACT 

Dies (110) with integrated circuits are attached to a wiring 
substrate (120), possibly an interposer, and are protected by a 
protective substrate (410) attached to a wiring substrate. The 
dies are located in cavities in the protective substrate (the dies 
may protrude out of the cavities). In some embodiments, each 
cavity Surface puts pressure on the die to strengthen the 
mechanical attachment of the die the wiring Substrate, to 
provide good thermal conductivity between the dies and the 
ambient (or a heat sink), to counteract the die warpage, and 
possibly reduce the vertical size. The protective substrate may 
or may not have its own circuitry connected to the dies or to 
the wiring substrate. Other features are also provided. 
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INTEGRATED CIRCUITS PROTECTED BY 
SUBSTRATES WITH CAVITIES, AND 
METHODS OF MANUFACTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority of U.S. pro 
visional application No. 61/952,066 filed on Mar. 12, 2014, 
titled INTEGRATED CIRCUITS PROTECTED BY SUB 
STRATES WITHCAVITIES, AND METHODS OF MANU 
FACTURE", incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 This document relates to integrated circuits, and 
more particularly to assemblies having dies that include semi 
conductor integrated circuits. 
0003. In fabrication of integrated circuits, one or more 
circuits are manufactured in a semiconductor wafer and are 
then separated into “dies' (also called “chips') in a process 
called “singulation' or “dicing. The dies, such as shown at 
110 in FIG. 1, are attached to a wiring substrate (“WS', e.g. 
printed wiring board) 120 which has conductive lines 130 
connecting the dies to each other and to other elements of the 
system. More particularly, the dies have contact pads 110C 
connected to the dies circuits (not shown), and these contact 
pads are attached to contact pads 120C of WS 120. Pads 120C 
are interconnected by conductive lines 130. The attachment 
of pads 110C to pads 120C is performed by connections 140 
which may include solder, conductive epoxy, or other types. 
0004 Encapsulant 150 (e.g. epoxy with silica or other 
particles) protects the dies 110 and the connections 140 from 
moisture and other contaminants, ultraviolet light, alpha par 
ticles, and possibly other harmful elements. The encapsulant 
also strengthens the die-to-WS attachment against mechani 
cal stresses, and helps conduct heat away from the dies (to an 
optional heat sink 160 or directly to the ambient (e.g. air)). 
0005. It is desirable to provide improved protection of dies 
from mechanical stresses, heat, and harmful elements. 

SUMMARY 

0006. This section summarizes some of the exemplary 
implementations of the invention. 
0007. In some embodiments, the dies are protected by an 
additional, protective Substrate attached to a wiring Substrate. 
The dies are located in cavities in the protective substrate (the 
dies may protrude out of the cavities). The protective sub 
strate may be similar to cap wafers used to protect MEMS 
components (Micro-Electro-Mechanical Structures); see K. 
Zoschke et al., “Hermetic Wafer Level Packaging of MEMS 
Components. Using Through Silicon Via and Wafer to Wafer 
Bonding Technologies’ (2013 Electronic Components & 
Technology Conference, IEEE, pages 1500-1507); see also 
U.S. Pat. No. 6,958,285 issued Oct. 25, 2005 to Siniaguine. 
However, in some embodiments, the protective substrate puts 
pressure on the die (e.g. each die may physically contact the 
cavity surface) to strengthen the die-to-WS 120 mechanical 
attachment, to provide good thermal conductivity between 
the die and the protective substrate, to help flatten the die if it 
is warped, and to reduce the vertical dimension. The protec 
tive Substrate may or may not have its own circuitry connected 
to the dies or to the wiring substrate. 
0008. In some embodiments, the die does not contact the 
cavity surface, but the die is separated from the cavity surface 
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by solid material (e.g. a bonding layer) which physically 
contacts the die and the cavity Surface. In some embodiments, 
the die or the solid material physically contacts the cavity 
Surface at Some but not all operating temperatures (e.g. the 
physical contact may exist only at higher temperatures at 
which the die expands). An operating temperature is a tem 
perature at which electrically functionality can be obtained. 
0009. In some embodiments, the cavity contains a stack of 
dies, and the top die in a stack contacts the cavity Surface (or 
a solid material overlying the top die physically contacts the 
cavity Surface). In some embodiments, the entire top Surface 
of each die, or the top die in the stack if there is a stack, 
physically contacts the cavity Surface. In some embodiments, 
the protective substrate puts downward pressure on the dies in 
each cavity to strengthen the dies attachment to the wiring 
Substrate and to counteract the die warpage. 
0010. In some embodiments, the wiring substrate is an 
interposer. Interposers are commonly used as intermediate 
Substrates to accommodate a mismatch between die fabrica 
tion technology and printed wiring substrates (PWSs). More 
particularly, the die’s contact pads 110C can be placed much 
closer to each other (at a smaller pitch) than PWS pads 120C. 
Therefore (FIG. 2), an intermediate substrate 120.1 can be 
used between the dies 120 and the PWS (shown at 120.2). 
Interposer 120.1 includes a substrate 120.1S (e.g. semicon 
ductor or other material), a redistribution layer (RDL) 210.T 
on top of substrate 120.1S, and another redistribution layer 
210.B on the bottom of substrate 120.1S. Each RDL 210.T. 
210.B includes interconnect lines 216 insulated from each 
other and from substrate 120.1S by the RDL’s dielectric 220. 
Lines 216 are connected to contact pads 120.1C.T on top of 
the interposer and contact pads 120.1C.B on the bottom. 
Lines 216 of RDL 210.T are connected to lines 216 of RDL 
210.Bby conductive (e.g. metallized) through-vias 224. Pads 
120.1C.T are attached to the dies' pads 110C by connections 
140.1 as in FIG.1. Pads 120.1C.B are attached to pads 120.2C 
of PWS 120.2 with connections 140.2. Pads 120.1C.B are at 
a larger pitch than pads 120.1C.T. to accommodate the pitch 
of the PWS contacts 120.2C. 

0011. The interposer substrate 120.1S should be as thin as 
possible to shorten the signal paths between dies 110 and 
PWS 120.2 and thus make the system faster and less power 
hungry. Also, if the interposer is thin, fabrication of metal 
lized vias 224 is facilitated. However, thin interposers are 
hard to handle: they are brittle, easily warped, and do not 
absorb or dissipate heat during fabrication. Therefore, a typi 
cal fabrication process (such as described in Zoschke et al. 
cited above) attaches the interposer to a temporary Substrate 
(“support wafer') during fabrication. The support wafer is 
later removed. Attaching and detaching temporary Support 
wafers is burdensome. The process of the aforementioned 
U.S. Pat. No. 6,958,285 does not use the support wafer. Nei 
ther some of the novel processes described below. 
0012. The invention is not limited to the features and 
advantages described above, and includes other features 
described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIGS. 1 and 2 illustrate vertical cross-sections of 
assemblies including integrated circuits and constructed 
according to prior art. 
O014 FIGS. 3A, 3B, 3C, 3D,3E, 4A, 4B, 4C, 5A, 5B, 5C, 
5D, 5E.1, 6, 7, 8A, 8B, 8C, 9A, 9B, 9C, 9D, 10 illustrate 
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Vertical cross-sections of structures according to some 
embodiments as set forth in detail below. 

0015 FIGS. 5E.2 and 5E.3 are bottom views of horizontal 
cross sections according to Some embodiments as set forth in 
detail below. 

0016 FIGS. 6, 7, 8A, 8B, 8C,9A,9B, 9C, 9D, 10, 11, 12 
illustrate vertical cross-sections of structures according to 
some embodiments as set forth in detail below. 

DESCRIPTION OF SOME EMBODIMENTS 

0017. The embodiments described in this section illustrate 
but do not limit the invention. In particular, the invention is 
not limited to particular materials, processes, dimensions, or 
other particulars except as defined by the appended claims. 
0018 FIG. 3A shows the beginning stages of fabrication 
of an interposer 120.1 according to some embodiments of the 
present invention. The interposer substrate 120.1S is initially 
chosen to be sufficiently thick to provide easy handling and 
adequate heat dissipation in fabrication. In some embodi 
ments, substrate 120.1S 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 120.1S can 
be made of other semiconductor materials (e.g. gallium ars 
enide), or glass, or Sapphire, or metal, or possibly other mate 
rials. Possible materials include NbTaN and LiTaN. The sub 
strate will later be thinned; for example, in case of silicon, the 
final thickness could be 5 to 50 microns. Again, these dimen 
sions are not limiting. 
0019. 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 120.1S 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 resist320 
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. 
0020. 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 
120.1S. 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 120.1S is itself dielectric. 
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(0021. 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 120.1S. 
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 (UZohet al., 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 physical vapor deposition (e.g. PVD, possibly 
sputtering). Then copper is electroplated on the seed layer to 
fill the vias 224B and cover the whole Substrate 120.1S. 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. 
0022. For ease of description, we will refer to vias 224 as 
"metallized', but non-metal conductive materials can also be 
used (e.g. doped polysilicon). 
(0023. If layer 224M does not fill the vias but only lines 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. 
(0024 Optionally, RDL 210.T (FIG. 3E) is formed on top 
of substrate 120.1S to provide contact pads 120.1C.T at 
desired locations. RDL 210.T can be formed by prior art 
techniques described above in connection with FIGS. 1 and 2 
for example. RDL 210.T is omitted if the contact pads 120. 
1C.T are provided by the top areas of metal 224M. In such a 
case, if substrate 120.1S is not dielectric, then a dielectric 
layer can be formed on the Substrate and photolithographi 
cally patterned to expose the contact pads 120.1C.T. 
0025 Interposer 120.1 may include transistors, resistors, 
capacitors, and other devices (not shown) in substrate 120.1S 
and redistribution layer 210.T. These devices can be formed 
before, during and/or after the fabrication of vias 224 and 
RDL 210.T using the process steps described above and/or 
additional process steps. Such fabrication techniques are well 
known. See e.g. the aforementioned U.S. Pat. No. 6,958.285 
and pre-grant patent publication 2012/0228778. 
(0026. Dies 110 are attached to contact pads 120.1C.T with 
connections 140.1, using possibly prior art methods 
described above in connection with FIGS. 1 and 2 or other 
methods (e.g. diffusion bonding; in this case the connections 
140.1 are not additional elements but are part of contact pads 
110C and/or 120.1C.T). 
0027 Optionally, an encapsulant (not shown) can be 
formed around the dies and/or under the dies using the same 
techniques as described above in connection with FIG. 1 (e.g. 
by molding and/or underfilling). The encapsulant can be any 
Suitable material (e.g. epoxy with silica or otherparticles). No 
encapsulant is used in Some embodiments. Other embodi 
ments use an encapsulant, but the requirements for the encap 
sulant are relaxed because the dies will be protected by an 
additional, protective substrate 410 (FIG. 5A) as described 
below. In some embodiments, the encapsulant is provided 
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only underneath the dies (as underfill), i.e. only between the 
dies and substrate 120.1S (around the connections 140.1). 
0028 FIGS. 4A-4C illustrate fabrication of protective 
substrate 410. Many variations are possible. Substrate 410 
should be sufficiently rigid to facilitate Subsequent handling 
of the assembly as explained below. In the embodiment 
shown, substrate 410 includes monocrystalline silicon sub 
strate 410S of a thickness 650 microns or higher. Other mate 
rials and thicknesses are possible, based on any 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 sub 
strates 410 and 120.1S: if substrate 120.1S is silicon, then 
substrate 410S could be silicon or another material with a 
similar CTE. Another factor is reducing the CTE mismatch 
between substrate 410 and dies 110. In some embodiments, 
substrate 410S will not have any circuitry, but if circuitry is 
desired in or on substrate 410S then this may affect the choice 
of material. The circuitry can be fabricated before, and/or 
during, and/or after the steps described below. 
0029. Another possible factor is high thermal conductivity 

to enable the substrate 410 to act as a heat sink. For example, 
metal may be appropriate. 
0030) Cavities 414 (FIG. 4C) are formed in substrate 410 
to match the size and position of dies 110. An exemplary 
process is as follows (this process is appropriate for a silicon 
substrate 410S, and may be inappropriate for other materials; 
known processes can be used for silicon or other materials). 
First, an auxiliary layer 420 (FIG. 4B) is formed to cover the 
substrate 410S for protection or for improved adhesion of 
subsequently formed photoresist 430. Resist 430 is deposited 
and patterned photolithographically to define the cavities. 
Auxiliary layer 420 exposed by the resist openings is etched 
away. Then substrate 410S is etched in these openings to form 
cavities 414 with sloped, upward-expanding sidewalls. The 
cavity depth depends on the thickness of dies 414 and con 
nections 140.1 as explained below. Non-sloped (vertical) or 
retrograde sidewalls, or other sidewall profiles are also pos 
sible. 
0031. Then photoresist 430 is removed. In the example 
shown, auxiliary layer 420 is also removed, but in other 
embodiments layer 420 remains in the final structure. 
0032. As shown in FIG. 5A, substrate 410 is attached to 
interposer 120.1 so that each die 110 fits into a corresponding 
cavity 414. More particularly, legs 410L of protective sub 
strate 410 are attached to the top surface of interposer 120.1 
(e.g. to RDL 210.T if the RDL is present; legs 410L are those 
portion(s) of protective substrate 410 that surround the cavi 
ties). The Substrate-to-interposer attachment is shown as 
direct bonding, but other types of attachments (e.g. by adhe 
sive) can also be used as described further below. The entire 
assembly is marked with numeral 504. 
0033. In FIG.5A, the dies top surfaces physically contact 
the top surfaces of cavities 414. In some embodiments, each 
die's top surface is bonded to the cavity top surface (directly 
or in Some other way, e.g. by adhesive). This bonding 
increases the bonding strength between the two Substrates 
and improves the thermal conductivity of the thermal path 
from the dies to the protective substrate. In addition, the bond 
between the dies and the cavity surfaces restricts the dies 
lateral motion and thus counteracts lateral or other forces that 
could weaken the connections 140.1. For example, if the 
protective substrate 410 and interposer 120.1 have matching 
CTEs, then the bonding of the dies' top surfaces to the cavity 
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surfaces will cause the protective substrate 410 to urge the 
dies to follow the interposer movement in thermal cycling; 
this is believed to relieve the stress on the die-to-interposer 
connections 140.1. 

0034. In other embodiments, the dies are not bonded to the 
cavities top Surfaces, and thus the dies top surfaces can slide 
laterally along the cavities top Surfaces in thermal move 
ment. This may reduce the thermal stresses, e.g. if the die 
interposer CTE matching is better than the matching between 
the interposer and protective substrate 410. 
0035. In some embodiments, regardless of whether the 
dies are bonded to the cavity surfaces, the downward pressure 
of substrate 410 on the dies helps counteract the die warpage. 
In some embodiments, the dies' tendency to warp increases 
with temperature, and the pressure may also increase with 
temperature (e.g. if the dies expand Vertically more than the 
protective substrate's legs 410L). 
0036. As noted above, in some embodiments the dies are 
underfilled and/or encapsulated from above by a suitable 
stress-relieving material, e.g. epoxy. In case of encapsulation 
from above, the encapsulant may be a solid material (possibly 
thermosetting) physically contacting the top Surfaces of cavi 
ties 414. The encapsulant may or may not be bonded to the 
cavity surfaces as described above, with benefits similar to 
those described above for the no-encapsulant embodiments. 
0037 To ensure physical contact between the dies (or the 
encapsulant) and the cavities, the top surfaces of the dies (or 
encapsulant) should have uniform height. To improve the 
height uniformity, the dies (or encapsulant) can be polished 
before joining of substrate 410 to interposer 120.1. Suitable 
polishing processes include lapping, grinding, and chemical 
mechanical polishing (CMP). Also, before inserting the dies 
into cavities, the cavity Surfaces and/or the dies can be pro 
vided with a suitable temperature interface material (TIM, not 
shown here but shown at 525 in FIGS. SE.2 and SE.3 dis 
cussed below) to improve the thermal transfer between the 
dies and substrate 410. TIMs thermal conductivity can usu 
ally 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 assemblies) 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 substrate 410 to provide a thermally 
conductive pathaway from the dies. An exemplary TIM mate 
rial is a thermal grease available from Arctic Silver, Inc. 
(having an office in California, USA); the greases thermal 
conductivity is 1 W/mK. 
0038. After the bonding of substrate 410 to interposer 
120.1, the interposer is thinned from the bottom to expose the 
metal 224M (FIG. 5B). 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 of the dielectric. See 
for example the aforementioned U.S. Pat. No. 6,958,285. As 
noted above, the invention is not limited to particular pro 
CCSSCS. 
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0039 Advantageously, interposer 120.1 is kept flat by sub 
strate 410, so the handling of the assembly 504 is facilitated. 
Substrate 410 also helps absorb and dissipate the heat gener 
ated 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. Hence, blind vias 224B (FIG.3B) can 
be shallow. The shallow depth facilitates fabrication of the 
metallized vias (i.e. facilitates the via etch and Subsequent 
deposition of dielectric and metal into the vias). The shallow 
depth also shortens the signal paths through the Vias. More 
over, if the vias are shallow, each via can be narrower while 
still allowing reliable dielectric and metal deposition. The via 
pitch can therefore be reduced. 
0040. If desired, protective substrate 410 can be thinned 
from the top; this is not shown. The combined thickness of 
substrates 120.1S and 410 is defined by desired properties, 
Such as rigidity, resistance to warpage, heat dissipation, and 
assembly size. 
0041. Subsequent process steps depend on the particular 
application. In some embodiments (FIG.5C). RDL 210.B is 
formed on the bottom of substrate 120.1S, possibly using 
prior art techniques (as in FIG. 2 for example). The RDL 
provides contact pads 120.1C.B and connects them to metal 
224.M. (If the RDL is omitted, the contact pads are provided 
by metal 224M). If desired, the assembly 504 can be diced 
into stacks 504S (FIG. 5D). Then the stacks (or the entire 
assembly 504 if dicing is omitted) are attached to other struc 
tures, such as wiring Substrate 120.2 (e.g. a printed wiring 
substrate) in FIG.5E.1. In the example of FIG.5E.1, a stack 
504S is attached to PWS 120.2, and more particularly the 
stacks contacts 120.1C.B are attached to PWS contacts 120. 
2C, possibly by the same techniques as in FIG. 1 or 2. Con 
ductive lines 130 of PWS 120.2 connect the contact pads 
120.2C to each other or other elements. These details are not 
limiting. 
0042 FIG.5E.2 shows a possible bottom view of the hori 
Zontal cross section along the line 5E.2-5E.2 in FIG.5E.1. In 
the example of FIG. 5E.2, the dies are surrounded by tem 
perature interface material (TIM) 525. The legs 410L form a 
region completely surrounding each die, and the interposer 
area bonded to the legs also completely surrounds each die. 
0043 FIG. 5E.3 shows another possible bottom view of 
the same horizontal cross section, also with TIM 525. In this 
example, the legs 410L are provided only on two opposite 
sides of each die (left and right sides) but are not provided 
above and below the dies. Each cavity 414 is a horizontal 
groove in Substrate 410S, possibly containing multiple dies 
spread laterally along the groove. The groove may run 
through the entire substrate. Other cavity shapes are also 
possible. 
0044 As noted above, protective substrate 410 and inter 
poser 120.1 can be bonded by adhesive, and FIG. 6 illustrates 
such bonding by adhesive 610. Adhesive 610 is provided on 
legs 140L or the corresponding areas of interposer 120.1 or 
both. The structure is shown at the stage of FIG. 5A (before 
interposer thinning). In some embodiments, the adhesive is 
elastic, with a low elasticity modulus (e.g. silicone rubber 
with elasticity modulus of 50 MPa), to help absorb the ther 
mal expansion of dies 110 (so that the pressure from the 
expanding dies 110 would not damage the protective Sub 
strate 410 or the dies). In some embodiments, this is beneficial 
if the dies CTE is equal to or greater than the CTE of pro 
tective substrate 410 or substrate 410S. The adhesive’s elas 
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ticity also absorbs the height non-uniformity of the top sur 
faces of dies 110 or the top surfaces of cavities 414. Also, to 
absorb the dies expansion, the adhesive may have a CTE 
equal to or greater than the dies CTE. Exemplary adhesives 
are epoxy-based underfills. 

004.5 FIG. 7 shows a similar embodiment, but the adhe 
sive 610 covers the whole bottom surface of protective sub 
strate 410S. The adhesive bonds the dies (or encapsulants) 
top surfaces to the top surfaces of the cavities. The adhesive's 
CTE can be equal to, or greater than, or less than, the dies 
CTE 

0046 FIGS. 8A-8C illustrate the use of separate bonding 
layers 810,820 to directly bind the protective substrate 410 to 
interposer 120.1. In some embodiments, the bonding layers 
are silicon dioxide, but other materials can also be used (e.g. 
metals for eutectic bonding). Referring to FIG. 8A, the dies 
are attached to interposer 120.1 as in FIG. 3E; the dies are 
then optionally underfilled and/or encapsulated from above 
(in FIG. 8A, encapsulant 150 encapsulates and underfills the 
dies). Bonding layer 810, e.g. silicon dioxide or metal, is 
formed to cover the interposer and the dies (and the encapsu 
lant if present), by any suitable techniques (e.g. Sputtering). 
0047 Referring to FIG.8B, the protective substrate 410 is 
provided with cavities as in FIG. 4C. Then a bonding layer 
820, e.g. silicon dioxide or metal, is formed to cover the 
Substrate Surface by any Suitable techniques (e.g. Sputtering, 
orthermal oxidation if substrate 410S is silicon). 
0048 Referring to FIG. 8C, the interposer is joined to 
substrate 410 so that the layers 810, 820 physically contact 
each other. The structure is then heated to bond the layer 820 
to layer 810 where the two layers meet, i.e. at legs 410L and 
at the cavities top Surfaces. In some embodiments however, 
before the bonding, the layer 820 is removed at the cavities 
top surfaces not to bond the dies to the cavities top surfaces. 
0049 Subsequent processing of the structures of FIGS. 
6-8A (interposer thinning, possible dicing, etc.) can be as 
described above for other embodiments. 

0050. The process step sequences described above are not 
limiting; for example, the vias 224 can be formed after the 
interposer thinning. FIGS. 9A-9D illustrate an exemplary 
process. Interposer 120.1 is fabricated essentially as in FIG. 
3E or 6 or 8A, but without vias 224 (the vias will be formed 
later). In particular, dielectric 324 is a flat layer on interposer 
substrate 120.1S. Then contact pads 910 are formed on sub 
Strate 120.1S at the locations of future vias 224. RDL 210.T is 
optionally fabricated on top of the interposer to connect the 
contact pads 910 to pads 120.1C.T on top of the interposer. 
(Alternatively, the pads 120.1C.T can be provided by pads 
910.) Dies 110 are attached to pads 120.1C.T. and optionally 
underfilled and encapsulated. Bonding layer 810 (as shown) 
is optionally deposited as in FIG. 8A for bonding to the 
protective substrate (alternatively, the bonding can be by an 
adhesive as in FIG. 6 or 7, or by a direct bonding process as 
described above in relation to FIG. 5A). 
0051 Interposer 120.1 with the dies attached is then 
bonded to protective substrate 410 (FIG. 9B) as in any 
embodiment described above. Then the interposer is thinned 
(FIG.9C). The dies will be protected by substrate 410 during 
subsequent steps. Substrate 410 can be thinned at any desired 
Stage. 
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0.052 Then metallized vias 224 are formed from the inter 
poser bottom. An exemplary process is as follows: 
0053 1. Dielectric 920 (e.g. silicon dioxide or silicon 
nitride) is deposited (e.g. by sputtering or CVD) to cover the 
bottom surface of interposer substrate 120.1S. 
0054 2. Vias (through-holes) are etched from the bottom 
through dielectric 920 and substrate 120.1S. This is a masked 
etch which stops on contact pads 910. 
0055 3. Dielectric 930 (e.g. silicon dioxide or silicon 
nitride) is deposited (e.g. by sputtering or CVD) to cover the 
bottom surface of interposer substrate 120.1S and to line the 
vias. Dielectric 930 covers the contact pads 910 from the 
bottom. 

0056 4. Dielectric 930 is etched to expose the contact pads 
910. This can be a masked etch. Alternatively, a blanket 
anisotropic (vertical) etch can be used to remove the dielectric 
930 from over at least a portion of each contact pad 910 while 
leaving the dielectric on the via sidewalls. The vertical etch 
may or may not remove dielectric 930 outside the vias. 
0057 5. A conductive material 224M (e.g. metal) is 
formed in the Vias, possibly by the same techniques as 
described above (e.g. copper electroplating). The conductive 
material is not present outside the vias (e.g. it can be polished 
away by CMP). The conductive material may fill the vias or 
just line the via Surfaces. The conductive material in each via 
physically contacts the corresponding pad 910. 
0058 Subsequent processing steps can be as described 
above in connection with FIGS. 5C-5E.3. In particular, the 
bottom RDL 210.B (FIG.5C) and connections 140.2 can be 
formed as described above. The structure can be diced if 
desired (FIG. 5D), and attached to another structure (e.g. 
PWS 120.2 in FIG.5E.1). 
0059 Vias 224 are optional, and further the substrate 
120.1 can be any wiring substrate, such as shown at 120 in 
FIG. 10. This figure illustrates an embodiment using an adhe 
sive 610 to bond the protective substrate 410 to WS 120 at legs 
410L and at the cavity top surfaces, but any other bonding 
method described above can be used. No underfill or other 
encapsulant is shown, but underfill with or without encapsu 
lation of the entire die can be present. 
0060. The techniques described above in connection with 
FIGS. 5A-10 can be used to attach any number of separate 
protective substrates 410 to the same interposer 120.1 or WS 
120; different protective substrates 410 can be attached to the 
same side of a substrate 120.1 or 120, with different dies in 
different cavities of the same or different protective substrates 
410. Other protective substrates 410 can be attached to the 
opposite side of substrate 120.1 or 120. Some of the dies may 
have no protective substrate 410 to protect them. Each sub 
strate 120.1S or 410S can be a wafer, and the two substrates 
can be of the same size in a given assembly 504; but different 
sizes are also possible in the same assembly. 
0061. The dies can also be stacked one above another in 
the same cavity (see FIG.11 showing the structure at the same 
fabrication stage as FIG. 6), with only the top die of each stack 
physically contacting the corresponding cavity's top surface. 
The dies in each stack may have their respective circuits 
interconnected through their contact pads 1110C and respec 
tive connections 140 (which can be of any type described 
above). In FIG. 11, substrates 120.1S, 410S are bonded 
together by adhesive 610 on legs 410L as in FIG. 6, but the 
other bonding methods described above can also be used. 
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Stacked dies can also be used with other variations described 
above, e.g. when the protective substrate is bonded directly to 
the PWS. 
0062. In some embodiments, substrate 410S has circuitry, 
possibly connected to the circuitry in the dies and/or the 
interposer 120.1S or the PWS. See FIG. 12, showing the top 
dies connected to substrate 410S by structures 1210; each 
structure 1210 includes a contact pad in substrate 410S, a 
corresponding contact pad on a top die 110, and a connection 
(e.g. solder or any other type described above) bonding the 
two contact pads to each other. In the example of FIG. 12, 
encapsulant 150 underfills and completely surrounds each 
die, contacting the cavities top Surfaces. As noted above, 
encapsulation and/or underfilling are optional. 
0063. The invention is not limited to the embodiments 
described above. For example, the vias 224 can be formed 
after the RDLs, and can be etched through one or both of the 
RDLS. 

0064. Some embodiments provide a manufacture com 
prising: 
0065 a first substrate (e.g. 120.1 or 120) comprising one 
or more first contact pads (e.g. the top pads 120.1C.T): 
0.066 one or more dies attached to the first substrate, each 
die comprising a semiconductor integrated circuit which 
comprises one or more contact pads each of which is attached 
to a respective first contact pad; 
0067 a second substrate (e.g. 410 or 410S) comprising 
one or more cavities, the second Substrate being attached to 
the first substrate, wherein at least part of each die is located 
in a corresponding cavity in the second Substrate, the second 
Substrate comprising a Surface area (e.g. a surface of legs 
410L) which lies outside of the cavities and is attached to the 
first substrate; 
0068 wherein at least at some temperature at which the 
structure is electrically operable, at least one die satisfies one 
or both of conditions (A) and (B): 
0069 (A) the die physically contacts a surface of the cor 
responding cavity; 
(0070 (B) the die is separated from the surface of the 
corresponding cavity by Solid material (e.g. an encapsulant or 
a bonding layer) which physically contacts the die and the 
Surface of the corresponding cavity. 
(0071. In some embodiments, in a side view in which each 
cavity is in a bottom Surface of the second Substrate (e.g. as in 
FIG. 5C or 5E.1), said surface area of the second substrate 
laterally surrounds each cavity (e.g. as in FIG. 5E.2). 
0072. In some embodiments, the at least one die is 
attached to the Surface of the corresponding cavity. 
0073. In some embodiments, the at least one die is not 
attached to the Surface of the corresponding cavity. 
0074. In some embodiments, the one or more first contact 
pads are located at a first side of the first substrate; 
0075 the first substrate comprises one or more second 
contact pads at a second side opposite to the first side (e.g. 
contact pads 120.1C.B at the interposer bottom); and 
0076 the first substrate comprises one or more electrically 
conductive paths passing through the first Substrate (e.g. met 
allized vias 224) and electrically connecting at least one first 
contact pad to at least one second contact pad. 
0077. In some embodiments, at least one of the conditions 
(A) and (B) is satisfied at room temperature. 
0078. In some embodiments, the at least one die is under 
pressure from the second Substrate. 
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0079. In some embodiments, the pressure does not exceed 
200 MPa at room temperature. In some embodiments, the 
pressure is greater than the atmospheric pressure (1 bar, i.e. 
10 Pa), and can be in the range from 1 bar to 200 MPa or any 
Sub-range of this range. The pressure can also be above or 
below this range. 
0080 Some embodiments provide a method for fabricat 
ing an electrically functioning manufacture, the method com 
prising: 
0081 obtaining a first substrate (e.g. 120.1) comprising a 

first side and one or more first contact pads at the first side; 
0082 attaching one or more dies to the first substrate, each 
die comprising a semiconductor integrated circuit which 
comprises one or more contact pads each of which is attached 
to a respective first contact pad; 
0083 obtaining a second substrate (e.g. 410) comprising 
one or more cavities; 
0084 attaching the second substrate to the first substrate, 
with at least part of each die being located in a corresponding 
cavity in the second Substrate, the second Substrate compris 
ing a surface area (e.g. bottom areal of legs 410L) which lies 
outside of the cavities and is attached to the first substrate; 
0085 wherein at least at some temperature at which the 
structure is electrically operable, at least one die satisfies one 
or both of conditions (A) and (B): 
I0086 (A) the die physically contacts a surface of the cor 
responding cavity; 
0087 (B) the die is separated from the surface of the 
corresponding cavity by solid material which physically con 
tacts the die and the Surface of the corresponding cavity. 
0088. In some embodiments, in a side view in which each 
cavity is in a bottom surface of the second Substrate, said 
Surface area of the second Substrate laterally Surrounds each 
cavity. 
0089. In some embodiments, the at least one die is 
attached to the Surface of the corresponding cavity. 
0090. In some embodiments, the at least one die is not 
attached to the Surface of the corresponding cavity. 
0091. In some embodiments, the one or more first contact 
pads are located at a first side of the first substrate; 
0092 the first substrate comprises one or more second 
contact pads at a second side opposite to the first side; and 
0093 the first substrate comprises one or more electrically 
conductive paths passing through the first Substrate and elec 
trically connecting at least one first contact pad to at least one 
second contact pad. 
0094. In some embodiments, at least one of the conditions 
(A) and (B) is satisfied at room temperature. 
0.095. In some embodiments, the at least one die is under 
pressure from the second substrate when the first substrate is 
attached to the second Substrate. 

0096. In some embodiments, the pressure does not exceed 
200 MPa at room temperature. 
0097. In some embodiments, the one or more dies are a 
plurality of dies, and the method further comprises polishing 
a solid surface at a first side of the dies before attaching the 
first substrate to the second substrate, the first side of the dies 
being a side opposite to each dies one or more contact pads, 
the Solid Surface being a surface of the dies or of an encapsu 
lant formed on the dies. 

0098. In some embodiments, the solid surface is a surface 
of the encapsulant which comprises an epoxy. 

Sep. 17, 2015 

0099. Some embodiments provide a manufacture com 
prising: 
0100 a first substrate comprising one or more first contact 
pads; 
0101 one or more dies attached to the first substrate, each 
die comprising a semiconductor integrated circuit which 
comprises one or more contact pads each of which is attached 
to a respective first contact pad; 
0102 a second Substrate comprising one or more cavities, 
the second substrate being attached to the first substrate, 
wherein at least part of each die is located in a corresponding 
cavity in the second Substrate, the second Substrate compris 
ing a surface area which lies outside of the cavities and is 
attached to the first substrate; 
0103 wherein at least at some temperature at which the 
structure is electrically operable, at least one die is under 
pressure from the second Substrate. 
0104. In some embodiments, the pressure does not exceed 
200 MPa at room temperature. 
0105. In some embodiments, in a side view in which each 
cavity is in a bottom surface of the second Substrate, said 
Surface area of the second Substrate laterally Surrounds each 
cavity. 
0106. In some embodiments, the at least one die is 
attached to the Surface of the corresponding cavity. 
0107. In some embodiments, wherein the at least one die is 
not attached to the Surface of the corresponding cavity. 
0108. In some embodiments, wherein the one or more first 
contact pads are located at a first side of the first substrate; 
0109 the first substrate comprises one or more second 
contact pads at a second side opposite to the first side; and 
0110 the first substrate comprises one or more electrically 
conductive paths passing through the first Substrate and elec 
trically connecting at least one first contact pad to at least one 
second contact pad. 
0111. Other embodiments and variations are within the 
Scope of the invention, as defined by the appended claims. 

1. A manufacture comprising: 
(a) a structure comprising: 
a first Substrate comprising one or more first contact pads; 

and 
one or more dies attached to the first substrate, each die 

comprising a semiconductor integrated circuit which 
comprises one or more contact pads each of which is 
attached to a respective first contact pad; 

wherein the first structure comprises a region of a first 
material; 

(b) a second Substrate comprising one or more cavities in 
the bottom, an entire bottom surface of the second sub 
strate being made of a second material, the second Sub 
strate being attached to said structure, wherein at least 
part of each die is located in a corresponding cavity in 
the second Substrate; 

wherein said region underlies the second Substrate, and in 
top view said region reaches an outer lateral boundary of 
the second Substrate and also reaches at least one of the 
one or more dies; 

wherein the first material is or is not the same as the second 
material and has substantially the same coefficient of 
thermal expansion (CTE) as the second material; 

wherein said region is directly bonded to the bottom sur 
face of the second substrate to physically contact the 
bottom surface of the second substrate; 
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wherein at least a first cavity of the one or more cavities 
comprises an encapsulant which fills the first cavity over 
each die at least partially located in the first cavity but a 
top surface of the encapsulant is not attached to a top 
surface of the first cavity. 

2. The manufacture of claim 1 wherein the bottom surface 
of the second Substrate comprises a Surface area attached to 
said structure, and said Surface area laterally Surrounds each 
cavity. 

3. The manufacture of claim 32 wherein the at least one die 
is attached to the Surface of the corresponding cavity. 

4. The manufacture of claim 32 wherein the at least one die 
is not attached to the Surface of the corresponding cavity. 

5. The manufacture of claim 1 wherein: 
the first Substrate comprises one or more second contact 

pads at a bottom side of the first substrate; and 
the first Substrate comprises one or more electrically con 

ductive paths passing through the first Substrate and 
electrically connecting at least one first contact pad to at 
least one second contact pad. 

6. The manufacture of claim 32 wherein at least one of the 
conditions (A) and (B) is satisfied at room temperature. 

7-24. (canceled) 
25. The manufacture of claim 1 wherein for at least one 

cavity, each die in the cavity has substantially the same CTE 
as the first and second materials. 

26. The manufacture of claim 1 wherein the entire second 
Substrate is made of the second material. 

27. The manufacture of claim 1 wherein at least one of the 
first and second materials is semiconductor. 

28. The manufacture of claim 1 further comprising an 
encapsulant covering and physically contacting each die, the 
encapsulant being a molding compound, wherein none of the 
first and second materials is a molding compound. 

29. The manufacture of claim 1 wherein the first region is 
part of the first substrate. 

30. The manufacture of claim 1 wherein the second sub 
strate has a first thickness except at a location of each cavity, 
the second Substrate being thinner at the location of each 
cavity than the first thickness. 

31. The manufacture of claim 1 wherein the second sub 
strate is thinner over each cavity than at a location not over 
lying any one of the one or more cavities. 

32. The manufacture of claim 1 wherein at least at some 
temperature at which the structure is electrically operable, at 
least one die satisfies one or both of conditions (A) and (B): 

(A) the die physically contacts a Surface of the correspond 
ing cavity; 

(B) the die is separated from the surface of the correspond 
ing cavity by Solid material which physically contacts 
the die and the Surface of the corresponding cavity. 

33. A manufacture comprising: 
(a) a structure comprising: 
a first Substrate comprising one or more first contact pads; 

and 
one or more dies attached to the first substrate, each die 

comprising a semiconductor integrated circuit which 
comprises one or more contact pads each of which is 
attached to a respective first contact pad; 

wherein the first structure comprises a region of a pre 
defined material; 

(b) a second Substrate comprising one or more cavities in 
the bottom, an entire bottom surface of the second sub 
strate being made of the predefined material, the second 
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Substrate being attached to said structure, wherein at 
least part of each die is located in a corresponding cavity 
in the second Substrate; 

wherein said region underlies the second Substrate, and in 
top view said region reaches an outer lateral boundary of 
the second Substrate and also reaches at least one of the 
one or more dies; 

wherein said region is directly bonded to the bottom sur 
face of the second substrate to physically contact the 
bottom surface of the second substrate; 

wherein in at least a first cavity of the one or more cavities, 
for at least one die at least partially located in the first 
cavity, the die is attached to a top surface of the first 
cavity without a molding compound between the die and 
the top surface of the first cavity. 

34. The manufacture of claim 33 wherein at least at some 
temperature at which the structure is electrically operable, at 
least one die satisfies one or both of conditions (A) and (B): 

(A) the die physically contacts a Surface of the correspond 
ing cavity; 

(B) the die is separated from the surface of the correspond 
ing cavity by Solid material which physically contacts 
the die and the Surface of the corresponding cavity. 

35. The manufacture of claim 33 wherein said region is part 
of the first substrate. 

36. A manufacture comprising: 
(a) a first Substrate comprising: 
a first body made of a first material; 
one or more conductive Vias each of which passes through 

the first body between a top surface and a bottom surface 
of the first body; 

a redistribution layer comprising one or more conductive 
lines and dielectric which is not the first material; and 

one or more first contact pads at a top of the redistribution 
layer and spaced from the first body, the one or more 
conductive lines interconnecting one or more of the one 
or more conductive Vias and one or more of the one or 
more first contact pads; 

(b) one or more dies attached to the first substrate, each die 
comprising a semiconductor integrated circuit which 
comprises one or more contact pads each of which is 
attached to a respective first contact pad; 

(c) a second Substrate comprising a second body made 
from a second material which is or is not the same as the 
first material, the second Substrate comprising one or 
more cavities in the bottom, each cavity extending into 
the second body, the second body being thinner above 
each cavity than at a location not overlying any one of 
the one or more cavities, the second Substrate compris 
ing a bottom Surface comprising an area which lies out 
side of the one or more cavities and is directly bonded to 
a top surface of the redistribution layer to physically 
contact the top surface of the redistribution layer; 

wherein the first material has substantially the same coef 
ficient of thermal expansion (CTE) as the second mate 
rial; 

wherein in at least a first cavity of the one or more cavities, 
for at least one die at least partially located in the first 
cavity, the die is attached to a top surface of the first 
cavity without a molding compound between the die and 
the top surface of the first cavity. 

37. The manufacture of claim 36 wherein the first material 
is the same as the second material. 

38. The manufacture of claim 36 wherein at least one of the 
first and second materials is semiconductor. 
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