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THIN WAFER HANDLING AND KNOWN GOOD DIE TEST METHOD

BACKGROUND OF THE INVENTION

[0001] The present invention relates to handling,
packaging, and testing of microelectronic devices and
interposer structures, and to components useful in such
devices and structures.

[0002] Microelectronic elements generally comprise a thin
slab of a semiconductor material, such as silicon or gallium
arsenide, commonly called a die or a semiconductor chip.
Semiconductor chips are commonly provided as individual,
prepackaged units. A standard chip has a flat, rectangular
body with a front surface having contacts connected to the
active circuitry of the chip. Each individual chip typically
is mounted in a package which, in turn, 1is mounted on a
circuit panel such as a printed c¢ircuit board and which
connects the contacts of the chip to conductors of the circuit
panel. In many conventional designs, the chip package
occupies an area of the circuit panel considerably larger than
the area of the chip itself. As used in this disclosure with
reference to a flat chip having a front surface, the "area of
the chip" should be understood as referring to the area of the
front surface.

[0003] The active circuitry i1s fabricated in a first face
of the semiconductor chip (e.g., a second surface). To
facilitate electrical connection to the active circuitry, the
chip is provided with bond pads on the same face. The bond
pads are typically placed in a regular array either around the
edges of the die or, for many memory devices, 1in the die
center. The bond pads are generally made of a conductive
metal, such as copper, or aluminum, around O0.5um thick. The
bond pads could include a single layer or multiple layers of

metal. The size of the bond pads will wvary with the device
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type but will typically measure tens to hundreds of microns on
a side.

[0004] In "flip chip" designs, the front surface of the
chip confronts a surface of a package substrate, i.e., a chip
carrier, and the contacts on the chip are bonded directly to
contacts of the c¢hip carrier by solder balls or other
connecting elements. In turn, the chip carrier can be bonded
to a «circuit panel through terminals overlying the front
surface of the chip. The "flip chip" design provides a
relatively compact arrangement; each chip occupies an area of
the circuit panel equal to or slightly larger than the area of
the chip's front surface, such as disclosed, for example, in
certain embodiments o©of commonly-assigned U.S. Pat. Nos.
5,148,265, 5,148,266, and 5,679,977, the disclosures of which
are incorporated herein by reference.

[0005] Besides minimizing the planar area of the circuit
panel occupied by microelectronic assembly, it 1is also
desirable to produce a chip package that presents a low
overall height or dimension perpendicular to the plane of the
circuit panel. Such thin microelectronic packages allow for
placement of a c¢ircuit panel having the packages mounted
therein in close proximity to neighboring structures, thus
reducing the overall size of the product incorporating the
circuit panel. It can be difficult to handle and move very
thin chips during fabrication, and it can be difficult to test
such chips for known good dies.

[0006] It has also been proposed to package plural chips in
a "stacked" arrangement, 1i.e., an arrangement where plural
chips are placed one on top of another. In a stacked
arrangement, several chips can be mounted in an area of the
circuit panel that 1is less than the total area of the chips.
Certain stacked chip arrangements are disclosed, for example,
in certain embodiments of the aforementioned U.S. Pat. Nos.

5,148,265, 5,679,977, and U.S. Pat. No. 5,347,159, the
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disclosure of which is incorporated herein by reference. U.S.
Pat. No. 4,941,033, also incorporated herein by reference,
discloses an arrangement in which chips are stacked on top of
another and interconnected with one another by conductors on
so-called "wiring films" associated with the chips.

[0007] Size 1s a significant consideration in any physical
arrangement of chips. The demand for more compact physical
arrangements of chips has become even more intense with the
rapid progress of portable electronic devices. Merely by way
of example, devices commonly referred to as "smart phones”
integrate the functions of a cellular telephone with powerful
data processors, memory and ancillary devices such as global
positioning system receivers, electronic cameras, and local
area network connections along with high-resolution displays
and associated 1mage processing chips. Such devices can
provide capabilities such as full 1internet connectivity,
entertainment including full-resolution video, navigation,
electronic banking and more, all 1in a pocket-size device.
Complex portable devices require packing numerous chips into a
small space. Moreover, some of the chips have many input and
output connections, commonly referred to as "I/Os." These
I/0s must be interconnected with the I/0s of other chips. The
interconnections should be short and should have low impedance
to minimize signal propagation delays. The components which
form the interconnections should not greatly increase the size
of the assembly. Similar needs arise 1in other applications
as, for example, 1in data servers such as those wused in
internet search engines. For example, structures which
provide numerous short, low-impedance 1interconnects between
complex chips can increase the bandwidth of the search engine
and reduce its power consumption.

[0008] Despite the advances that have Dbeen made in
handling, packaging, and testing of microelectronic devices

and interposer structures, there is still a need for
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improvements 1in order to minimize the size of semiconductor
chips and interposer structures, while enhancing electrical
interconnection reliability. These attributes of the present
invention may be achieved Dby the construction of the
components and the methods of fabricating components as

described hereinafter.

BRIEF SUMMARY OF THE INVENTION

[0009] In accordance with an aspect of the invention, a
method of attaching a microelectronic element to a substrate
can include aligning the substrate with a microelectronic
element, the microelectronic element having a plurality of
spaced-apart electrically conductive bumps each including a
bond metal, and reflowing the bumps. The bumps can be exposed
at a front surface of the microelectronic element. The
substrate can have a plurality of spaced-apart recesses
extending from a first surface thereof. The recesses can each
have at least a portion of one or more inner surfaces that are
non-wettable by the bond metal of which the bumps are formed.
The reflowing of the bumps can be performed so that at least
some of the bond metal of each bump liquefies and flows at
least partially 1into one of the recesses and solidifies
therein such that the reflowed bond material in at least some
0of the recesses mechanically engages the substrate.

[0010] In one embodiment, the substrate can be a handling
substrate, and all of the inner surfaces of at least some of
the recesses can be non-wettable by the bond metal of which
the bumps are formed. In a particular example, the
microelectronic element can be a first microelectronic element
and the substrate is a second microelectronic element, each of
the microelectronic elements having at least one of active or
passive devices therein. In an exemplary embodiment, at least
50% of the surface area of the inner surfaces of at least some
of the recesses can be first portions that are wettable by the

bond metal of which the bumps are formed, and at least 25% of
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the surface area of the inner surfaces of the at least some of
the recesses can be second portions that are non-wettable by
the bond metal of which the bumps are formed. The non-
wettable surface area can be adjacent to the first surface of
the substrate and can separate the wettable surface area from
the first surface.

[0011] In one example, the first portions of the surface
area of the at least some of the recesses can each include a
plurality of discontinuous portions. In a particular
embodiment, each of the bumps can be disposed at an end of a
solid metal pillar, each solid metal pillar having a base
adjacent the front surface of the microelectronic element, the
end being remote from the base. In one embodiment, the
aligning step can include inserting at least some of the solid
metal pillars into corresponding ones of the recesses. In a
particular example, each of the bumps can contact at least a
portion of a height of the sidewalls of the solid metal pillar
on which it 1is disposed, the height of the sidewalls of each
solid metal pillar extending between the Dbase and the end
thereof in a direction perpendicular to the front surface of
the microelectronic element. In an exemplary embodiment, each
of the bumps can contact 10% or less of the height of the
sidewalls of the solid metal pillar on which it 1is disposed.
In one example, 90% or more of the height of the sidewalls of
each of the solid metal pillars can be non-wettable by the
bond metal of which the bumps are formed.

[0012] In a particular embodiment, each of the bumps can be
disposed on the front surface of the microelectronic element.
In one embodiment, each of the bumps can be disposed at a top
surface of a conductive pad, each conductive pad having a
bottom surface adjacent the front surface of the
microelectronic element, the top surface being remote from the
bottom surface. In a particular example, after the reflowing

step, the at least some of the bumps can each define an upper
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surface that confronts and is spaced apart from at least one
upper surface of the corresponding one of the recesses 1into
which the bump flows. In an exemplary embodiment, the at
least some of the recesses can each have at least one surface
reentrant with respect to the first surface of the substrate
to permit the mechanical engagement of the reflowed bond metal
therein. In one example, after the reflowing step, the at
least some of the bumps can each define a first width within
the corresponding one of the recesses in a first direction
parallel to the first surface of the substrate greater than a
second width of the corresponding one of the recesses in the
first direction, the second width located between the first
width and the first surface.

[0013] In a particular embodiment, the at least some of the
recesses can each have an entry portion and a transverse
portion, the entry portion extending from the first surface of
the substrate in a first direction towards a second opposed
surface thereof, the transverse portion extending in a second
direction transverse to the first direction away from the
entry portion, the transverse portion having therein at least
one surface reentrant with respect to the first surface. In
one embodiment, at least some of the non-wettable inner
surfaces of the recesses can include a layer of non-wettable
dielectric material overlying an 1inner surface of the
substrate. In a particular example, the reflowing step can be
performed while the bumps are subject to a wvacuum pressure
that is less than atmospheric pressure or an inert or reducing
ambient environment. In an exemplary embodiment, at least
some of the bumps can be reflowed into a single common recess.
[0014] In one example, at least some o0f the recesses can
each include a conductive surface exposed at one or more of
the inner surfaces thereof. The reflowed bond material in the
at least some of the recesses can contact the corresponding

conductive surface. In a particular embodiment, the reflowing
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step can include the reflowed bond material of at least some
of the bumps at least partially forming an intermetallic bond
with the corresponding ones of the conductive surfaces. In
one embodiment, the method <c¢an also include, after the
reflowing step, electrically testing the microelectronic
element through electrical connections made through the
substrate and the reflowed bond metal. In a particular
example, the method can also include, after the reflowing
step, reducing a thickness of the microelectronic element by
removing material from a rear surface thereof opposite the
front surface.

[0015] In an exemplary embodiment, the method can also
include, after the reflowing step, moving the microelectronic
element by moving the substrate with the microelectronic
element attached thereto. In one example, during the moving
step, a retention force can be applied by the reentrant
surfaces onto the reflowed bond material. In a particular
embodiment, the retention force can be at least 2 psi. In one
embodiment, the method can also 1include, after the moving
step, detaching the microelectronic element from the substrate
by reflowing the bumps so that at least some of the bond metal
thereof liquefies and flows out of the corresponding ones of
the recesses. In a particular example, the at least some of
the bumps can each have an initial volume before the at least
some of the bond material thereof flows into the corresponding
ones of the recesses and a final volume after the at least
some of the Dbond material thereotf flows out of the
corresponding ones o0f the recesses, and the final volume can
be within 10% of the 1initial volume. In an exemplary
embodiment, the substrate can have at least some portions that
are translucent or transparent between the first surface and a
second surface opposite therefrom, such that, during the

aligning step, at 1least a portion of the microelectronic
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element is visible to an imaging device through a thickness of
the substrate.

[0016] In one example, a method of moving a plurality of
microelectronic elements can include placing a first
microelectronic element atop a package substrate such that at
least some electrically conductive bumps exposed at a first
surface of the first microelectronic element are aligned with
conductive elements exposed at a surface of the package
substrate, and attaching a second microelectronic element to a
substrate by the method described above. The method can also
include moving the second microelectronic element to a
position atop the first microelectronic element so that a rear
surface of the second microelectronic element confronts a
second surface of the first microelectronic element opposite
the first surface thereof. The bumps of the second
microelectronic element can be first bumps. Bond metal of at
least some second electrically conductive bumps exposed at the
rear surface of the second microelectronic element can contact
corresponding conductive elements exposed at the second
surface of the first microelectronic element.

[0017] The method can also include reflowing the bumps of
the first and second microelectronic elements such that the
bond metal of at least some of the first bumps of the second
microelectronic element reflows and disengages from the
recesses of the substrate, such that bond metal of at 1least
some of the second bumps of the second microelectronic element
bonds with corresponding ones of the conductive elements of
the first microelectronic element, and such that bond metal of
at least some of the bumps o0of the first microelectronic
element bonds with corresponding ones o©of the conductive
elements of the package substrate. In a particular
embodiment, during the step of reflowing the bumps of the
first and second microelectronic elements, the at least some

of the second bumps can self-align with the corresponding
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conductive elements exposed at the second surface of the first
microelectronic element.

[0018] In accordance with another aspect of the invention,
a method of attaching a microelectronic element to a substrate
can include aligning the substrate with a microelectronic
element, the microelectronic element having a plurality of
spaced-apart electrically conductive bumps each including a
bond metal, and reflowing the bumps. The bumps can be exposed
at a front surface of the microelectronic element. The
substrate can have a plurality of spaced-apart conductive
surfaces exposed at a first surface thereof. The reflowing of
the bumps can be performed so thata t least some of the bond
metal thereof liquefies and solidifies 1in contact with
corresponding ones of the conductive surfaces such that the
reflowed bond material contacting the corresponding ones of
the conductive surfaces mechanically engages the substrate.
[0019] In one embodiment, the reflowing step can includes
the reflowed bond material of at least some of the bumps at
least partially forming an intermetallic Dbond with the
corresponding ones of the conductive surfaces. In a
particular example, each of the bumps can be disposed at a top
surface of a conductive element of the microelectronic
element, each top surface being exposed at the front surface
of the microelectronic element.

[0020] In accordance with vyet another aspect of the
invention, a method of testing a microelectronic element can
include aligning a testing substrate with a microelectronic
element. The microelectronic element can have a plurality of
spaced-apart electrically conductive protrusions exposed at a
front surface thereof. The testing substrate can have a
plurality of spaced-apart recesses extending from a first
surface thereof. At least some of the recesses can each
include a compliant electrically conductive element exposed at

an 1inner surface thereof. Each compliant element can be
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electrically connected with a component that is configured to
electrically test the microelectronic element. The method can
also include deformably engaging the compliant elements of the
testing substrate with corresponding ones of the protrusions
of the microelectronic element, the protrusions extending into
interior cavities of the compliant elements defined by the
protrusions. The method can also include electrically testing
the microelectronic element while the protrusions are engaged
with the compliant elements and withdrawing the protrusions
from the recesses.

[0021] In an exemplary embodiment, each protrusion can be a
solid metal pillar having a base adjacent the front surface of
the microelectronic element and an end remote from the base,
and at least the ends of the pillars can contact the compliant
elements during the deformably engaging step. In one example,
each compliant element can consist essentially of a compliant
metal or metal alloy. In a particular embodiment, each
compliant element can have a tip that protrudes away from the
inner surface of the respective recess. In one embodiment, at
least a portion of each compliant element can include a
conductive fluid therein. In a particular example, the method
can also include, after the electrically testing step,
reflowing the compliant elements to remove the interior
cavities of the compliant elements that were defined by the
protrusions. In an exemplary embodiment, the withdrawing and
reflowing steps can be performed simultaneously.

[0022] In accordance with still another aspect of the
invention, a microelectronic assembly can include a first
substrate having a plurality of spaced-apart recesses
extending from a first surface thereof, a second substrate
having a plurality of spaced-apart solid metal pillars exposed
at a first surface thereof, and a plurality of electrically
conductive bumps each including a bond metal. Each pillar can

extend into one of the recesses. Each pillar can have a base

-10-
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adjacent the first surface of the second substrate and an end
remote from the base. Each bump can be exposed at the end of
a corresponding one of the pillars. At least some of the bond
metal of each bump can be at least partially disposed in
corresponding ones of the recesses and solidified therein such
that the bond material in at least some of the recesses at
least one of mechanically or electrically engages the first
substrate. A first portion of the surface area of inner
surfaces of at least some of the recesses can be wettable by
the bond metal of which the bumps are formed. A second
portion of the surface area of the inner surfaces of the at
least some of the recesses can be non-wettable by the bond
metal of which the bumps are formed. The second portion can
be adjacent the first surface of the first substrate and can
separate the first portion from the first surface of the first
substrate.

[0023] In one example, at least some of the first portion
or at least some of the second portion can include a plurality
of discontinuous portions. In a particular embodiment, at
least some of the pillars can extend into a single common one
of the recesses. In one embodiment, at least one of the first
and second substrates can be a microelectronic element having
at least one of active or passive devices therein. In a
particular example, the recesses can be a first plurality of
recesses and the bumps can be a first plurality of bumps, the
first substrate having a second plurality of spaced-apart
recesses extending from a second surface thereof opposite the
first surface. The microelectronic assembly can also include
a third substrate having a plurality of spaced-apart solid
metal pillars exposed at a first surface thereof, each pillar
of the third substrate extending into a corresponding one of
the second plurality of recesses, each pillar of the third
substrate having a base adjacent the first surface of the

third substrate and an end remote from the base. The
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microelectronic assembly can also include a second plurality
of electrically conductive bumps each including a bond metal,
each of the second plurality of bumps exposed at the end of a
corresponding one of the pillars of the third substrate, at
least some of the bond metal of each of the second plurality
of bumps at least partially disposed in corresponding ones of
the second recesses and solidified therein such that the bond
material in at least some of the second recesses mechanically
engages the third substrate.

[0024] In accordance with another aspect of the invention,
a handling substrate can include a body having first and
second opposed surfaces, a plurality of spaced-apart recesses
extending from the first surface, the recesses each having
inner surfaces that are non-wettable by a bond metal, and a
plurality of conductive elements each exposed at at least one
of the inner surfaces of a corresponding one of the recesses.
At least some of the conductive elements can be electrically
connected with a component that is configured to electrically
test the microelectronic element.

[0025] In an exemplary embodiment, the body of the handling
substrate can have an effective CTE in a plane of the handling
substrate parallel to the first surface thereof of less than b
pem/°C. In one example, the body of the handling substrate
can consist essentially of glass or silicon. In a particular
embodiment, the at least some of the recesses can each have at
least one surface reentrant with respect to the first surface.
In one embodiment, the at least some of the recesses can each
have an entry portion and a transverse portion, the entry
portion extending from the first surface in a first direction
towards the second surface, the transverse portion extending
in a second direction transverse to the first direction away
from the entry portion, the transverse portion having therein

at least one of the reentrant surfaces.
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[0026] In a particular example, at least some of the non-
wettable inner surfaces of the recesses can include a layer of
non-wettable dielectric material overlying an inner surface of
the handling substrate. In an exemplary embodiment, each
conductive element can have a tip that protrudes away from the
at least one of the inner surfaces of the respective recess.
In one example, an exposed surface of each of the conductive
elements can be non-wettable by a bond metal. In a particular
embodiment, the handling substrate can include at least a
first region consisting essentially of semiconductor material
underlying the first surface and extending from a first
peripheral edge of the substrate to a second peripheral edge
of the substrate opposed thereto. In one embodiment, the
handling substrate can also include a region of dielectric
material overlying the first region, and the recesses can be
disposed at least partially within the second region.

[0027] In accordance with vyet another aspect of the
invention, a method of attaching a microelectronic element to
a substrate can include aligning the substrate with a
microelectronic element, the microelectronic element having a
plurality of spaced-apart bumps each including a reflowable
material, and reflowing the bunmps. The bumps can be exposed
at a front surface of the microelectronic element. The
substrate c¢a have a plurality of spaced-apart recesses
extending from a first surface thereof. The recesses can each
have at least a portion of one or more inner surfaces that are
non-wettable by the material of which the bumps are formed.
The reflowing of the bumps can be performed so that at least
some of the material of each bump liquefies and flows at least
partially into one of the recesses and solidifies therein such
that the reflowed material in at least some of the recesses
mechanically engages the substrate. In a particular example,
the material can be electrically conductive. In an exemplary

embodiment, the material may not be electrically conductive.
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[0028] In accordance with still another aspect of the
invention, an 1in-process assembly can 1include a handling
substrate having a plurality of spaced-apart recesses
extending from a first surface thereof, and a microelectronic
element mechanically engaged with the handling substrate by a
plurality of spaced-apart electrically conductive bumps each
including a bond metal. The bumps can be exposed at a front
surface of the microelectronic element. At least some of the
bumps can extend at least partially into corresponding ones of
the recesses. The recesses can each have inner surfaces that
are non-wettable by the bond metal of which the bumps are
formed.

[0029] In one example, each of the bumps can be disposed at
an end of a solid metal pillar, each solid metal pillar having
a base adjacent the front surface of the microelectronic
element, the end being remote from the base. In a particular
embodiment, the ends of at least some of the solid metal
pillars can be disposed within corresponding ones of the
recesses. In one embodiment, the corresponding ones of the
recesses can each have at least one surface reentrant with
respect to the first surface of the handling substrate to
permit the mechanical engagement of the bond metal therein.
In &a particular example, the microelectronic element can
include at least one of active or passive devices therein. 1In
an exemplary embodiment, the microelectronic element can have
edges bounding the front surface thereof and can be attached
at the edges to a plurality of additional microelectronic
elements. In one example, the microelectronic element and the
additional microelectronic elements can constitute a wafer.
[0030] Further aspects of the invention provide systems
that incorporate structures according to the foregoing aspects
of the invention, composite chips according to the foregoing
aspects of the invention, or both in conjunction with other

electronic devices. For example, the system may be disposed
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in a single housing, which may be a portable housing. Systems
according to preferred embodiments in this aspect of the
invention may be more compact than comparable conventional

systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIGS. 1A and 1B are side sectional views of a
handling substrate and a microelectronic element in respective
disengaged and engaged positions, illustrating an apparatus in
accordance with an embodiment of the invention.

[0032] FIGS. 1C and 1D are exemplary top plan views of the
microelectronic element of FIGS. 1A and 1B, showing potential
arrangements of the bumps.

[0033] FIG. 2A 1is one potential enlarged side sectional
view of a portion of the handling substrate and
microelectronic element of FIG. 1A.

[0034] FIG. 2B 1s one potential enlarged side sectional
view of a portion of the handling substrate and
microelectronic element of FIG. 1B.

[0035] FIG. 2C 1is an enlarged side sectional view of a
variation of the handling substrate and microelectronic
element of FIG. 2A having a common recess.

[0036] FIG. 2D 1s an enlarged side sectional view of
another variation of the handling substrate and
microelectronic element of FIG. 2A having a common recess.
[0037] FIG. 3A is another potential enlarged side sectional
view of a portion of the handling substrate and
microelectronic element of FIG. 1A.

[0038] FIG. 3B is another potential enlarged side sectional
view of a portion of the handling substrate and
microelectronic element of FIG. 1B.

[0039] FIG. 3C 1s vyet another potential enlarged side
sectional wview of a portion of the handling substrate and

microelectronic element of FIG. 1A.
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[0040] FIG. 3D 1s vyet another potential enlarged side
sectional wview of a portion of the handling substrate and
microelectronic element of FIG. 1B.

[0041] FIGS. 4A and 4B are side sectional views of a
handling substrate and a microelectronic element in respective
disengaged and engaged positions, illustrating an apparatus in
accordance with another embodiment.

[0042] FIG. 5A 1is an enlarged side sectional view of a
portion of the handling substrate and microelectronic element
of FIG. 4A.

[0043] FIG. 5B 1is an enlarged side sectional view of a
portion of the handling substrate and microelectronic element
of FIG. 4B.

[0044] FIGS. 5C and 5D are potential enlarged side
sectional views o0f the handling substrate and microelectronic
element of FIGS. 4A and 4B in accordance with an alternative
embodiment.

[0045] FIG. 6 1is a side sectional wview of a handling
substrate and a microelectronic element in a disengaged
position, illustrating an apparatus 1in accordance with yet
another embodiment.

[0046] FIGS. 7A and 7B are potential enlarged side
sectional views o0f the handling substrate and microelectronic
element of FIG. 6 in respective disengaged and engaged
positions.

[0047] FIG. 7C is a potential enlarged bottom view of the
conductive element of FIG. 7A, according to one embodiment.
[0048] FIG. 7D is another potential enlarged bottom view of
the conductive element of FIG. 7A, according to a variation of
the embodiment shown in FIG. 7C.

[0049] FIGS. 8A and 8B are potential enlarged side
sectional views o0f the handling substrate and microelectronic
element of FIG. 6 in accordance with an alternative embodiment

of the apparatus shown in FIGS. 7A and 7B.
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[0050] FIGS. 92 and 9B are potential enlarged side
sectional views o0f the handling substrate and microelectronic
element of FIG. 6 in accordance with an alternative embodiment
of the apparatus shown in FIGS. 8A and 8B.

[0051] FIGS. 10A and 10B are potential enlarged side
sectional views o0f the handling substrate and microelectronic
element of FIG. 6 in accordance with an alternative embodiment
of the apparatus shown in FIGS. 8A and 8B.

[0052] FIG. 11A is a side sectional view of the handling
substrate and microelectronic element of FIGS. 1A and 1B,
shown with the microelectronic element thinned from a rear
surface thereof.

[0053] FIG. 11B is a side sectional view of the handling
substrate and microelectronic element of FIG. 11A, shown with
the microelectronic element clamped and disengaged from the
handling substrate.

[0054] FIG. 12 1is a side sectional view of a stacked
assembly including a plurality of the microelectronic element
of FIGS. 11A and 11B.

[0055] FIGS. 13A and 13B are a side sectional view and a
top plan view of another stacked assembly including a
plurality of the microelectronic element of FIGS. 11A and 11B.

[0056] FIGS. 14A and 14B are side sectional views of a
testing substrate and a microelectronic element in respective
disengaged and engaged positions, illustrating an apparatus in
accordance with still another embodiment.

[0057] FIG. 15A 1is an enlarged side sectional view of a
portion of the handling substrate and microelectronic element
of FIG. 14A.

[0058] FIG. 15B 1s an enlarged side sectional view of a
portion of the handling substrate and microelectronic element
of FIG. 14B.

[0059] FIG. 15C 1is an enlarged side sectional view of a

portion of the handling substrate and microelectronic element
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of FIGS. 14A and 14B, showing deformation in the compliant
elements of the testing substrate.

[0060] FIGS. 16A and 16B are enlarged side sectional views
of a portion of a first substrate and a second substrate in
respective disengaged and engaged positions, illustrating an
apparatus in accordance with yet another embodiment.

[0061] FIGS. 16C and 16D are enlarged side sectional views
of a portion of first, second, and third substrates in
respective disengaged and engaged positions, illustrating an
apparatus in accordance with still another embodiment.

[0062] FIG. 16E 1s an enlarged side sectional view of a
variation of the first and second substrates of FIG. 16A
having a common recess.

[0063] FIG. 17 is a schematic depiction of a system

according to one embodiment of the invention.

DETAILED DESCRIPTION

[0064] As illustrated in FIGS. 1A and 1B, an assembly 10
can 1include a handling substrate 20 and a microelectronic
element 30. The handling substrate 20 can have a first
surface 21 and a second surface 22 opposite therefrom, and a
plurality of spaced-apart recess 24 extending from the first
surface towards the second surface. The microelectronic
element 30 can have a front surface of first surface 31 and a
rear surface or second surface 32 opposite therefrom, and a
plurality of spaced-apart bumps 34 each including a bond
material and each exposed at the front surface of the
microelectronic element.

[0065] The handling substrate 20 and the microelectronic
element 30 can be disengaged from one another, as shown in
FIG. 1A, and they can be mechanically engaged with one another
through interlocking of Dbumps 34 of the microelectronic
element with corresponding recesses 24 o0f the handling

substrate, as shown in FIG. 1B.
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[0066] In FIG. 1A, the directions parallel to the first
surface 21 of the handling substrate or the front surface 31
of the microelectronic element 30 are referred to herein as
"horizontal™ or "lateral" directions, whereas the directions
perpendicular to the first surface are referred to herein as
upward or downward directions and are also referred to herein
as the "vertical" directions. The directions referred to
herein are in the frame of reference of the structures
referred to. Thus, these directions may lie at any
orientation to the normal or gravitational frame of reference.
A statement that one feature is disposed at a greater height
"above a surface" than another feature means that the one
feature 1s at a greater distance 1in the same orthogonal
direction away from the surface than the other feature.
Conversely, a statement that one feature 1s disposed at a
lesser height "above a surface" than another feature means
that the one feature is at a smaller distance in the same
orthogonal direction away from the surface than the other
feature.

[0067] As used in this disclosure, a statement that an
electrically conductive element is "exposed at" a surface of a
substrate indicates that the electrically conductive element
is available for contact with a theoretical point moving in a
direction perpendicular to the surface of the substrate toward
the surface of the substrate from outside the substrate.
Thus, a terminal or other conductive element which i1s exposed
at a surface of a substrate may project from such surface; may
be flush with such surface; or may be recessed relative to
such surface and exposed through a hole or depression in the
substrate.

[0068] In some embodiments, the handling substrate 20 may
be made of semiconductor material, glass, ceramic, or other
materials. The handling substrate 20 preferably has a

coefficient of thermal expansion ("CTE") less than 10*10°¢/°C
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(or ppm/°C). In a particular embodiment, the handling
substrate 20 can have a CTE less than 7 ppm/°C.

[0069] The handling substrate 20 can further include an
insulating dielectric layer overlying inner surfaces 25 of the
recesses 24. Such a dielectric layer can also overlie some or
all of the first surface 21 of the handling substrate 20.
Such a dielectric layer can electrically insulate conductive
elements from the material of the handling substrate 20. The
dielectric layer can include an inorganic or organic
dielectric material or both. The dielectric layer may include
an electrodeposited conformal coating or other dielectric
material, for example, a photoimageable polymeric material,
for example, a solder mask material. In a particular example,
such a dielectric layer can consist essentially of a material
that is non-wettable Dby solder or other electrically
conducitve bond metals, for example, Teflon (i.e, PTFE) or
Parylene. In particular embodiments in which the handling
substrate 20 consists essentially of dielectric material
(e.g., glass or <ceramic), the insulating dielectric layer
described above may be omitted.

[0070] In the embodiments described herein, a dielectric
layer overlying the inner surfaces 25 of the recesses 24 and
the first surface 21 of the handling substrate 20 can have a
thickness that 1s substantially less than a thickness of the
handling substrate, such that the handling substrate can have
an effective CTE that is approximately equal to the CTE of the
material of the Jjandling substrate, even 1f the CTE of the
dielectric layer 1s substantially higher than the CTE of the
substrate material. In one example, the substrate 20 can have
an effective CTE less than 10 ppm/°C.

[0071] In one example, the handling substrate 20 can have
at least some portions that are translucent or transparent
between the first and second surfaces 21, 22, such that,

during alignment or engagement of the handling substrate and

20—



WO 2014/031547 PCT/US2013/055613

the microelectronic element 30, at least a portion of the
microelectronic element can be visible to an imaging device
through a thickness of the handling substrate.

[0072] The plurality of spaced-apart recesses 24 can extend
from the first surface 21 towards the second surface 22
partially or completely through a thickness of the handling
substrate towards the second surface 22. In the embodiment
shown in FIG. 1A, the recesses 24 each extend partially
through the handling substrate 20 between the first and second
surfaces 21, 22. The recesses 24 can be arranged in any
top-view geometric configuration, including for example, an
m x n array, each of m and n being greater than 1.

[0073] Each recess 24 includes one or more inner surfaces
25 that extend from the first surface 21 at least partially
through the handling substrate 20 at an angle between 0 and 90
degrees to the horizontal plane defined by the first surface.
Each inner surface 25 can have a constant slope or a wvarying
slope. For example, the angle or slope of the inner surface
25 relative to the horizontal plane defined by the first
surface 21 can decrease 1in magnitude (i.e., Dbecome less
positive or less negative) as the inner surface penetrates
further towards the second surface 22. In a particular
embodiment, each recess 24 can be tapered in a direction from
the first surface 21 towards the second surface 22 (e.g., as
shown in FIGS. 3A and 3B. In some examples, each recess 24
can have any three-dimensional shape, including for example, a
frusto-conical shape, a cylinder, a cube, a prism, an elliptic
paraboloid, a hyperboloid, or a structure bounded by a
curvilinear inner surface, among others. As used herein, when
a three-dimensional structure 1s described as having or being
bounded by a curvilinear surface, a cross-section of that
surface 1in a plane that 1is generally perpendicular to the
first and second surfaces of the substrate is a curve having a

varying slope (e.g., a second order polynomial).
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[0074] In one example, one or more recesses extending into
the handling substrate 20 can be replaced by a single common
recess 24', for example, as described below with respect to
FIG. 2C. In particular embodiments, the recesses 24 and any
of the other openings described herein can have wvarious
shapes, as described for example in United States Patent
Application Serial Nos. 12/842,717 and 12/842,651, filed
July 23, 2010, which are hereby incorporated by reference
herein, and such openings can be formed using exemplary
processes as described in the aforementioned applications.
[0075] An exemplary microelectronic element 30 is
illustrated in FIG. 1A, The microelectronic element 30 may
have supporting structure or a layer consisting essentially of
an inorganic material such as silicon. The thickness of the
microelectronic element 30 between the first surface 31 and
the second surface 32 typically is less than 500 um, and can
be significantly smaller, for example, 130 um, 70 um or even
smaller. In a particular embodiment, the microelectronic
element 30 can be an interposer made from a material such as
semiconductor material, ceramic, glass, a composite material
such as glass—-epoxy or a fiber-reinforced composite, a
laminate structure, or a combination thereof. In one example,
the microelectronic element 30 can consist essentially of a
material having an effective CTE in a plane of the substrate
of no more than 10 ppm/°C.

[0076] In one example, the microelectronic element 30 can
be a semiconductor wafer which may include a plurality of
semiconductor chips, each being an integral portion of the
wafer, wherein a semiconductor region o©of the wafer 1is
continuous throughout the area of the wafer. A wafer can have
a 200 mm, 300 mm, or other diameter, and may have a round
shape or other shape. In another example, the microelectronic
element 30 can be a portion of a semiconductor wafer having a

plurality of semiconductor chips each being an integral
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portion thereof. Alternatively, portions of the wafer such as
a plurality of semiconductor chips thereof may be attached to
each other at respective edges of the semiconductor chips by a
dielectric material such as a molding compound, for example,
or attached by other suitable binding material.

[0077] In vyet another embodiment, the microelectronic
element 30 can be or can include a semiconductor chip, which
may be a bare semiconductor chip, or which may include one or
more additional conductive layers at least partially overlying
one or both opposite faces o©of the semiconductor chip. The
semiconductor chip may either be packaged or unpackaged. In a
particular embodiment, the microelectronic element 30 can
include a plurality of wvertically stacked semiconductor chips
having respective major surfaces overlying one another and
parallel to one another, wherein the semiconductor chips
therein may or may not be electrically interconnected with one
another. Further wvariations or combinations of semiconductor
chips with other components, metallizations, circuitry, etc.
are contemplated within the meaning of “microelectronic
element” as used herein.

[0078] The microelectronic element can include a topside
BEOL 36 adjacent the first surface 31 and a plurality of
conductive vias or through-silicon-vias (TSVs) 38 each
extending from the topside BEOL towards the second surface 32.
The plurality of conductive vias 38 may be exposed at the
second surface 32 after thinning of the microelectronic
element 30, for example, as shown in FIGS. 11A and 11B.

[0079] In embodiments where the microelectronic element 30
includes a semiconductor substrate, made for example from
silicon, one or a plurality of semiconductor devices (e.qg.,
transistors, diodes, etc.) can be disposed in one or more
active device regions thereof 1located at and/or below the

first surface 31. In one example, the active device regions
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can be located adjacent a rear surface 37 of the topside
BEQOL 36.

[0080] The plurality of conductive vias 38 of the
microelectronic element 30 can extend from the first surface
31 or the rear surface 37 of the topside BEOL 36 towards the
rear surface 32. In a particular embodiment, first and second
conductive vias 38 of a particular microelectronic element 30
can be connectable to respective first and second electric
potentials. The conductive vias 38 can each include a metal
such as copper, aluminum, tungsten, an alloy including copper,
an alloy including nickel, an alloy including tin, or an alloy
including tungsten, among others.

[0081] The bumps 34 each can include a bond metal or other
electrically conductive Jjoining material (e.g., solder, a
conductive adhesive, or a conductive paste) exposed at the
front surface 31 of the microelectronic element 30, such that
the bumps can be electrically conductive. Such a conductive
joining material can comprise a fusible metal having a
relatively low melting temperature, e.g., solder, tin, or a
eutectic mixture including a plurality of metals.
Alternatively, such conductive joining material can include a
wettable metal, e.g., copper or other noble metal or non-noble
metal having a melting temperature higher than that of solder
or another fusible metal. Such wettable metal can be joined
with a corresponding feature, e.g., a fusible metal feature of
an 1interconnect element. In a particular embodiment, such
conductive joining material can include a conductive material
interspersed in a medium, e.g., a conductive paste, e.g.,
metal-filled paste, solder-filled paste or isotropic
conductive adhesive or anisotropic conductive adhesive.

[0082] In any of the embodiments described herein, the
bumps 34 can include a Jjoining material that is not
electrically conductive, such as glass frit or a non-

electrically conductive paste. Such bumps 34 can be used in
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embodiments where it is not necessary or desired to have an
electrical connection between the handling substrate 20 and
the microelectronic element 30, for example, when the handling
substrate and the microelectronic element are Jjoined to one
another for heat management or mechanical support of the
microelectronic element, the handling substrate, or both. In
such embodiments where the bumps 34 include a joining material
that 1is not electrically conductive, such as glass frit, the
handling substrate 20 can include a layer of material
overlying the inner surfaces 25 of the recesses 24, such layer
of material being non-wettable by the material of the bumps.
Examples of such materials that may be used for the layer
overlying the inner surfaces 25 include non-stick materials
such as Teflon (PTFE) or non-stick self assembly nancfilms.

[0083] The bumps 34 can have any width and height. For
example, the width of the bumps 34 may be 10 microns, 30
microns, 50 microns, 100 microns, 50-100 microns, or 30-1000
microns. In some examples, the height of the bumps 34 may be
10 microns, 30 microns, 50 microns, 100 microns, 50-100
microns, or 30-1000 microns. The width and height of the
bumps may be the same, or they may be different. The bumps 34
can be arranged 1in any top-view geometric configuration,
including for example, an m x n array, each of m and n being
greater than 1, as shown in FIG. 1C. In a particular
embodiment, the bumps 34 can all be disposed adjacent a
peripheral edge 39 of the front surface 31 of the
microelectronic element 30, as shown in FIG. 1D. In an
exemplary embodiment, the arrangement of bumps 34 may define a
minimum pitch between adjacent ones of the bumps of 10
microns, 30 microns, 50 microns, 100 microns, 50-100 microns,
or 30-1000 microns. There may be any number of bumps 34 on a
single microelectronic element 30, including tens of bumps,

hundreds of bumps, or thousands of bumps.
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[0084] The  bumps 34 and the recesses 24 can have
corresponding top-view geometric configurations, such that

each bump can be aligned with a corresponding recess as shown

in FIG. 1A. In a particular example, there may not be a one-
to-one correspondence between the top-view geometric
configurations of the bumps 34 and the recesses 24. For

example, 1n one embodiment, the bumps can be disposed at
locations within an m x n array, with some locations not
having a bump, such that when the bond material of the bumps
34 mechanically engages the handling substrate 20 as shown in
FIG. 1B, some of the recesses 24 can remain unoccupied.

[0085] A method of moving the microelectronic element 30
will now be described, with reference to FIGS. 1A and 1B.
First, the handling substrate 20 can be aligned with the
microelectronic element 30, so that the bumps 34 are aligned
with corresponding ones of the recesses 24. As used herein,
bumps 34 being aligned with recesses 24 means that the bumps
and the recesses at least partially overlie one another in a
top view, such that a line can be drawn in a direction D1
perpendicular to the first surface 21 o0f the handling
substrate 20 that intersects a corresponding bump and recess.
[0086] Next, the bumps 34 can be reflowed so that at least
some o0f the bond metal therecof liquefies and flows at least
partially into corresponding ones of the recesses 24 and
solidifies therein such that the reflowed bond material in at
least some of the recesses mechanically engages the handling
substrate 20. As used herein, the bumps 34 are mechanically
engaged with the recesses 24 when the bumps and recesses are
interlocked so that there 1s contact between surfaces of the
bumps and recesses, and such contact produces a mechanical
retention force applied from the handling substrate 20 onto
the reflowed bond material of the microelectronic element 30
that 1s sufficient to prevent gravitational forces from

pulling the microelectronic element out of engagement with the
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handling substrate. In one example, the retention force can
be at least 2 psi. In an exemplary embodiment, the retention
force can be at least 200 psi. In one example, the retention
force can be at least 2,000 psi. In a particular embodiment,
the retention force can be at least 3,000 psi.

[0087] The reflowing can be performed by heating the bumps
34 above the melting temperature of the bond metal thereof so
that the bumps are liquefied, and then cooling the bumps so
that they return to a solid state. In one example, the
reflowing of the bumps 34 can be performed while the assembly
10 is in at least a partial wvacuum (i.e., Dbelow atmospheric
pressure) . In & particular example, the reflowing of the
bumps 34 can be performed while the assembly 10 is in an inert
ambient environment (e.g., nitrogen) or a reducing environment
(e.g., a forming gas comprising nitrogen and hydrogen).
Performing the reflowing of the bumps 34 in a partial wvacuum,
in an inert ambient environment, or in a reducing environment
may help prevent the bumps 34 from oxidizing during reflow.
[0088] Then, the microelectronic element 30 can be moved by
moving the handling substrate 20 with the microelectronic
element attached thereto. Next, the microelectronic element
30 can be placed in a desired location, and the
microelectronic element can be released from the handling
substrate 20 by reflowing the bumps 34 above the melting
temperature of the bond metal thereof so that at least some of
the bond metal of the bumps liquefies and flows out of the
corresponding recesses 24. In a particular embodiment, each
bump 24 can have an initial wvolume before the bond material
thereof flows into the corresponding recess 34 (FIG. 2A) and a
final wvolume after the at least some of the bond material
thereof flows out o©of the corresponding recess, and the final
volume can be equal to the initial volume.

[0089] As shown in FIG. 2A and 2B, in one embodiment, the

electrically conductive bumps 34 each can be disposed at an
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end 41 of a solid metal pillar 40. Each pillar 40 can have a
base 42 adjacent the front surface 31 of the microelectronic
element 30, the end being remote from the base. When the
handling substrate 20 and the microelectronic element 30 are
aligned so that they can be mechanically engaged with one
another, at least some of the solid metal pillars 40 can be
inserted into corresponding ones of the recesses, as shown in
FIG. 2B.

[0090] As can be seen in FIG. 2A, the recess 24 can include
an entry portion 24a and one or more transverse portions 24b.
The entry portion 24a can extend from the first surface 21 of
the handling substrate in &a first direction D2 towards the
second surface 22. Each transverse portion 24b can extend in
a second direction transverse to the first direction D1 away
from the entry portion 24a, for example, the direction D3
shown in FIG. 2A.

[0091] As shown in FIG. 2A, the recess 24 can have at least
one surface 26 that 1s reentrant with respect to the first
surface 21 of the handling substrate 20. In the embodiment
shown in FIGS. 2A and 2B, the transverse portions 24b can each
have therein at least one surface 26 that is reentrant with
respect to the first surface 21 of the handling substrate 20.
[0092] A reentrant surface of the recess 24 such as the
surface 26 can be considered to have a "negative angle" with
respect to the first surface 21 of the handling substrate 20.
As used herein, the term "negative angle" as applied to a
first surface with respect to a second surface means that the
second surface "shields” or "shades" the first surface from
exposure to a beam of particles, radiation, or the substantial
flow of a gas traveling in a direction from the second surface
past the location of the first surface. For example, the
reentrant surface 26 extends underneath a portion of the first
surface 21 such that the first surface shields or shades the

reentrant surface from a beam or a gas flowing in a direction
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from the first surface into the recess 24. Each transverse
portion 24b of the recess 24, in such case, can be referred to
as having "reentrant" shape with respect to the entry portion
24a of the recess.

[0093] FIG. 2B shows the Dbump 34 engaged with a
corresponding one of the recesses 24. After the reflowing
step described above, at least some of the bumps 34 can each
define a first width Wl within the corresponding recess 24 in
a first direction D4 parallel to the first surface 21 of the
handling substrate 20 greater than a second width W2 of the
corresponding recess in the first direction, the second width
located between the first width and the first surface.

[0094] In an exemplary embodiment, as shown in FIG. 2A, the
bump 34 may not contact sidewalls 43 of the solid metal pillar
40 on which it is disposed, the sidewalls of each solid metal
pillar extending between the base 42 and the end 41 thereof in
a direction perpendicular to the first surface 31 of the
microelectronic element 30. In one example, each of the bumps
can contact at least a portion of the sidewalls 43 of the
solid metal pillar 40 on which it 1s disposed. In a
particular embodiment, each of the bumps 34 can contact 10% or
less o0of a height H of the sidewalls 43 of the solid metal
pillar 40 on which it is disposed, the height of the sidewalls
of each solid metal pillar extending between the base 42 and
the end 41 thereof in a direction perpendicular to the first
surface 31 of the microelectronic element 30.

[0095] In one example, 90% or more of the height H of the
sidewalls 43 of each of the solid metal pillars can be non-
wettable by the bond metal of which the bumps 34 are formed.
Such non-wettable portions of the sidewalls 43 can serve to
prevent the material of the bumps 34 from extending down the
non-wettable portions of the sidewalls to contact the first
surface 31 of the microelectronic element or the first surface

21 of the handling substrate.
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[0096] In a particular example, after the reflowing step,
the bump 34 can define an upper surface 35 that confronts and
is spaced apart from at least one upper surface 27 of the
corresponding recesses 24 into which the bump flows.

[0097] In a particular embodiment, as shown in FIG. 2C, one
or more of the recesses extending into the handling substrate
20 can each be a single common recess 24', 1into which a
plurality of the bumps 34 and pillars 40 extend. Such a
single common recess 24' can have a variety of shapes, such as
a circle, a square, an elongated shape such as an oval or a
rectangular channel, a more complex shape such as an L or a T
shape, or any other shape.

[0098] In one example, each of the pillars 40 extending
within a single recess 24' can be electrically connected with
a different potential. Alternatively, one or more of such
pillars 40 extending within a single recess 24' can be shorted
with one another, such that they are electrically connected
with the same potential, for example, a reference potential.
As shown in FIG. 2C, such a single recess 24' can have one or
more common transverse portions 24b' extending from an entry
portion 24a'. In a particular example, as shown in FIG. 2D, a
single common recess 24" can have a single entry portion 243’
and a plurality of separate transverse portions 24b extending
therefrom, such that the bump 34 of each individual pillar 40
can extend into corresponding ones of the transverse portions.
[0099] In one example, as shown in FIGS. 3A and 3B, the
bumps 34 can be disposed on the front surface 31 of the
microelectronic element 30, rather than the bumps being
disposed atop respective conductive pillars. FIGS. 3C and 3D
show a wvariation of the embodiment shown in FIGS. 3A and 3B,
where the recess 24 has at least one inner surface 2ba that
has a curvilinear shape. In such an embodiment, a curvilinear
portion of at least one inner surface 25a can be a reentrant

surface 26.
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[0100] In a particular embodiment, as shown in FIGS. 4A
through 5B, an assembly 110 can include a handling substrate
120 and a microelectronic element 130. The handling substrate
120 is the same as the handling substrate 20 shown in FIGS. 1A
and 1B, except that the recesses are omitted, and the handling
substrate 120 has wettable electrically conductive elements
124 (FIG. b5A) exposed at the first surface 121. As can be
seen 1in FIG. 5A, each bump 134 can be disposed at a top
surface 141 of a conductive element 140, each conductive
element 140 having a bottom surface 142 adjacent the front
surface of the microelectronic element 130, the top surface
being remote from the bottom surface. In the example shown in
FIGS. 5A and 5B, the conductive elements 124 and 140 are shown
as conductive pads, but 1in other examples, the conductive
elements may take other forms, such as solid metal pillars.
[0101] Although the structure shown in FIGS. 4A through 5B
does have recesses, the handling substrate 120 can bond with
the microelectronic element 130 by having the bonding material
of the bumps 134 form intermetallic bonds with the conductive
elements 124 and 140, and those intermetallic bonds can
produce a mechanical retention force applied from the handling
substrate 120 onto the reflowed bond material of the
microelectronic element 130 that 1s sufficient to prevent
gravitational forces from pulling the microelectronic element
out of engagement with the handling substrate.

[0102] FIGS. 5C and 5D show a wvariation of the structure
shown in FIGS. 5A and 5B that may be substituted in the
assembly 110 shown in FIGS. 4A and 4B. In FIGS. 5C and 5D,
the wettable electrically conductive elements 124b are each
exposed at the first surface 121 within a recess 124a. The
recesses 124a are shown as having a curvilinear c¢ross-
sectional shape, but in other embodiments, the recesses may
have any other cross-sectional shape, such as a rectangular

shape. Although the recesses 124a do not have reentrant
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surfaces such as the reentrant surfaces 26 described above,
the handling substrate 120a can bond with the microelectronic
element 130 by having the bonding material of the bumps 134
form intermetallic bonds with the conductive elements 124b and
140, and those intermetallic bonds can produce a mechanical
retention force as described above with reference to the other
embodiments.

[0103] Referring now to FIGS. 6 through 7B, an assembly 210
can 1include a handling substrate 220, a microelectronic
element 230, and a testing component 212 that is configured to
electrically test the microelectronic element. As can be seen
in FIG. 7A, the handling substrate 220 1is the same as the
handling substrate 20 shown in FIGS. 1A and 1B, except that
the handling substrate 220 has a plurality of conductive
elements 214 each exposed at at least one of the inner
surfaces 225 of the corresponding recesses 224.

[0104] At least some of the conductive elements 214 can be
electrically connected with the testing component 212 through
conductive structure 216. In one example, the conductive
structure 216 can include conductive pads 217 exposed at the
second surface 222 of the handling substrate 220, and
conductive Jjoining material 218 electrically connecting the
conductive pads to conductive elements of the testing
component 212.

[0105] Although in the figures, the conductive element 214
is shown exposed at an upper surface 22ba, in other
embodiments, one or more of the conductive elements 214 can be
exposed at any of the inner surfaces 225 of the corresponding
recess 224, such as, for example, a side surface 225b.

[0106] The conductive element 214 can have any number of
continuous or discontinuous portions having any bottom view
shape. For example, as shown in FIG. 7C, the conductive
element 214 can have a single continuous portion having a

rectangular bottom wview shape. In another example, FIG. 7D
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shows an embodiment having a plurality of discontinuous
conductive element portions 214a and 214b each having an
irregular shape with a plurality of lobes 214c having spaced-
apart ends 214d. Each of the portions 214a and 214b can be
electrically connected to a single conductive pad 217 at the
second surface 222 of the handling substrate 220.

[0107] As shown 1in FIG. 7B, a sufficient wvolume of bond
metal can be included in the bumps 234 so that, after the
bumps are reflowed and the handling substrate 220 and the
microelectronic 230 are mechanically engaged with one another,
there 1is an electrical connection between the bumps and the
corresponding conductive elements 214. After the reflowing
step, the microelectronic element 230 can be electrically
tested through the electrical connections made through the
handling substrate 220 and the reflowed bond metal of the
bumps 234.

[0108] In one example, as shown 1in FIGS. 8A and 8B, a
recess 324 have an entry portion 324a and a single transverse
portion 324b extending 1in a transverse direction from the
entry portion. After the reflowing step, the bump 334 can
extend across the entry portion 324a and the transverse
portion 324b. The conductive element 314 that can provide an
electrical connection to a component that i1is configured to
electrically test the microelectronic element 330 can be
located at least partially within both the entry portion 324a
and the transverse portion 324b.

[0109] In a particular embodiment, as shown in FIGS. 9A and
9B, a recess 424 can have an entry portion 424a and two
transverse portion 424b extending in a transverse direction
from the entry portion. After the reflowing step, the bump
434 can extend across the entry portion 424a and both
transverse portions 424b. The bump 434 can contact a

reentrant surface 426 in both of the transverse portions 424Db.
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[0110] In one example, as shown in FIGS. 10A and 10B, a
recess 524 have an entry portion b524a and a plurality of
transverse portions 524b each extending in a transverse
direction from the entry portion. After the reflowing step,
the bump 534 can extend across the entry portion 524a into one
or more of the transverse portions 524b. The bump 534 can
contact a reentrant surface 526 in one or more of the
transverse portions 524b. As shown, the reentrant surfaces
526 can be portions of serrations extending along the inner
surfaces 525 of the recess 524.

[0111] FIGS. 11A and 11B show a microelectronic element 630
that may be the same as the microelectronic element 30 shown
in FIGS. 1A and 1B, except the microelectronic element 630 has
been thinned to expose portions of the conductive vias 638 at
the rear surface 632 for interconnection with a component
external to the microelectronic element.

[0112] As shown 1in FIG. 11A, after the handling substrate
620 has been joined with the microelectronic element 630, a
thickness of the microelectronic element between the front and
rear surfaces 631, 632 can be reduced by removing material
from the rear surface, thereby exposing portions of the
conductive vias 638 at the rear surface. As shown in FIG.
11B, lateral clamps 650 can be used to secure the thinned
microelectronic element 630 during reflow of the bumps 634 to
disengage the microelectronic element from the handling
substrate 620.

[0113] As shown 1in FIG. 12, once the microelectronic
element 630 has been thinned, one or more of the
microelectronic elements can be assembled with a package
substrate 705 by electrically connecting conductive elements
of the microelectronic elements to corresponding conductive
elements 740 exposed at a first surface 701 of the package
substrate with joining units 734, such joining units including

a bond metal, for example. Joining units 708 can be exposed
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at a second surface 702 of the package substrate 705 for
interconnection with a component external to the package
substrate. An overmold or encapsulant 709 may be provided to
at least partially cover the microelectronic elements 630.
[0114] As can be seen 1in FIG. 12, the microelectronic
assembly 700 has four microelectronic elements 630, with a
first two microelectronic elements disposed adjacent the first
surface 701 of the package substrate 705 and third and fourth
microelectronic elements stacked overlying the respective
first and second microelectronic elements. However, in other
embodiments, any number of microelectronic elements 630 can be
mounted to a package substrate and stacked in any
configuration thereon.

[0115] In one example, as shown in FIGS. 13A and 13B, once
the microelectronic element 630 has been thinned, one or more
of the microelectronic elements can be assembled with an
interconnection element 805 by electrically connecting
conductive elements of the microelectronic elements to
corresponding conductive elements exposed at a first surface
801 of the interconnection element with Jjoining units 834,
such Jjoining wunits including a bond metal, for example.
Joining units 808 can be exposed at a second surface 802 of
the interconnection element 805 for interconnection with a
component external to the package substrate, such as a circuit
panel 812.

[0116] The interconnection element 805 can include a
composite material, a silicon substrate 803 Jjoined with a
glass substrate 804, for example, that has an effective CTE
that 1s tunable during fabrication of the substrate to
approximately match the CTE of the metal of conductive wvias
814 that extend therein, such as copper or nickel. For
example, the interconnection element 805 can have an effective
CTE that is tunable to a value between 10-20 ppm/°C. In a

particular embodiment, the interconnection element 805 can
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have an effective CTE that is tunable to a value between 15-18
ppm/°C.

[0117] Referring now to FIGS. 14A through 15C, an assembly
910 can include a testing substrate 920, a microelectronic
element 930, and a testing component (not shown in FIGS. 14A
and 14B, but the same as the testing component 212 that is
shown in FIG. 6) that is configured to electrically test the
microelectronic element. The testing substrate 920 1s the
same as the handling substrate 20 shown in FIGS. 1A and 1B,
except that the testing substrate 920 has a plurality of
compliant conductive elements 914 each exposed at at least one
of the inner surfaces 925 of the corresponding recesses 924.
At least some of the conductive elements 914 can Dbe
electrically connected with the testing component through
conductive structure of the testing substrate 920.

[0118] In one example, each compliant element 914 can
consist essentially of a compliant metal or metal alloy. In a
particular embodiment, at least a portion of each compliant
element 914 <can include a conductive fluid therein, for
example, such as a conductive paste.

[0119] As shown 1in FIG. 15A, the microelectronic element
930 can have a plurality of spaced-apart electrically
conductive protrusions 940 exposed at a front surface 931
thereotf. In the example shown in FIGS. 15A-15C, the
protrusions 940 can be solid metal pillars, but that need not
be the case.

[0120] As shown in FIG. 15B, the protrusions 940 can
deformably engage corresponding ones of the compliant elements
914 of the testing substrate 920, the protrusions extending
into interior cavities 916 of the compliant elements defined
by the protrusions. The microelectronic element 930 can be
electrically tested while the protrusions 940 are engaged with
the compliant elements 914. As shown in FIG. 15C, after the

protrusions 940 are withdrawn from the recesses 924, the
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compliant elements 914 can be reflowed to remove the interior
cavities 916 of the compliant elements that were defined by
the protrusions. In a particular example, the compliant
elements 914 can be reflowed during withdrawal of the
protrusions 940 from the recesses 924.

[0121] Referring now to FIGS. 16A and 16B, a first
substrate 1020 and a second substrate 1030 can be Jjoined to
one another using a similar structure as that described above
with reference to FIGS. 1A and 1B. The first and second
substrates 1020 and 1030 can be removably joined or
permanently bonded with one another. Such Jjoining of the
first and second substrate 1020 and 1030 can be used for any
of the purposes described above, including, for example,
removable bonding for moving of the second substrate 1030,
electrical testing of the second substrate, permanent bonding
of the first and second substrates, heat management of one or
both of the first and second substrates, or stiffening (i.e.,
mechanical support) of one or both of the first and second
substrates.

[0122] As shown 1in FIGS. 16A and 16B, the first substrate
1020 can have a first surface 1021 and a second surface 1022
opposite therefrom, and a plurality of spaced-apart recess
1024 extending from the first surface towards the second
surface. The second substrate 1030 can have a front surface
1031 and a rear surface 1032 opposite therefrom, and a
plurality of spaced-apart electrically conductive bumps 1034
each including a bond metal and each exposed at the front
surface of the second substrate. Each of the electrically
conductive bumps 1034 can be disposed at an end 1041 of a
corresponding solid metal pillar 1040. When the first and
second substrates 1020, 1030 are aligned so that they can be
joined to one another, at least some of the solid metal
pillars 1040 can be inserted into corresponding ones of the

recesses 1024, as shown in FIG. 16B.
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[0123] In a particular example, the conductive bumps 1034
can be reflowed so that the bond material in at least some of
the recesses 1024 at least one of mechanically or electrically
engages the first substrate 1020. A first portion Pl of the
surface area of inner surfaces 1025 of at least some of the
recesses 1024 can be wettable by the bond metal of which the
bumps 1034 are formed, and a second portion P2 of the surface
area of the 1inner surfaces of the at least some o0f the
recesses can be non-wettable by the bond metal of which the
bumps are formed. To form the non-wettable second portion P2
of the surface area of the inner surfaces 1025, the first
wettable portion Pl can be masked with lithographical or
physical masking, and a layer of non-wettable material such as
Teflon or Parylene can be deposited onto the second
portion P2.

[0124] As shown in FIGS. 16A and 16B, the second portion P2
can be adjacent the first surface 1021 of the first substrate
1020, and the second portion P2 can separate the first portion
Pl from the first surface of the first substrate, so that the
bumps 1034 won't extend out of the recesses when they are re-
flowed. The non-wettable second portion P2 can act as a
barrier to contain the bumps 1034 so that they remain adjacent
the wettable first portion P1.

[0125] In a particular example, the first portion Pl (i.e.,
the wettable portion) of the surface area of the inner
surfaces 1025 of at least some of the recesses 1024 can extend
over at least 50% of the surface area of the inner surfaces of
each of the respective recesses, and the second portion P2
(i.e., the non-wettable portion) can extend over at least 25%
of the surface area of the inner surfaces of the at least some
of the recesses, the second portion being adjacent to the
first surface 1021 of the substrate 1020 and separating the

first portion from the first surface.
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[0126] Each of the first and second portions Pl and P2 of
the surface area of the inner surfaces 1025 of at least some
of the recesses 1024 can have any number of continuous or
discontinuous portions. In one example, the first portion Pl
and the second portion P2 can each be single continuous
portions of the inner surfaces 1025. Alternatively, one or
both of the first portion Pl and the second portion P2 can
include plurality of discontinuous portions that are spaced
apart from one another. For example, in one embodiment, a
particular recess 1024 can include a plurality of
discontinuous wettable first portions Pl that are spaced apart
from one another by parts of a single continuous non-wettable
second portion P2,

[0127] In an exemplary embodiment, one or both of the first
and second substrates 1020 and 1030 can be a microelectronic
element. In one example, each of the first and second
substrates 1020 and 1030 can be microelectronic elements each
having at least one of active or passive devices therein.
Such active and/or passive devices can be disposed in one or
more device regions thereof located at and/or below a surface
of one or both of the first and second substrates 1020 and
1030.

[0128] FIGS. 16C and 16D show a variation of the embodiment
shown 1in FIGS. 16A and 16B, in which a first substrate 1020°
is Jjoined with second and third substrates 1030a and 1030b.
The structure of the interface between the first and second
substrates 1020' and 1030a, as well as the structure of the
interface between the first and third substrates 1020' and
1030b, is the same as the structure of the interface between
the first and second substrates 1020 and 1030 shown in FIGS.
16A and 16B, such that the first substrate 1020' can be
removably Jjoined or permanently bonded with the second and

third substrates 1030a and 1030b.
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[0129] FIG. 16E shows another wvariation of the embodiment
shown 1in FIGS. 16A and 16B, 1in which one or more recesses
extending into the handling substrate 20 can each be a single
common recess 1024', into which a plurality of the bumps 1034
and pillars 1040 extend. Such a single common recess 10247
can have a variety of shapes, such as a circle, a square, an
elongated shape such as an oval or a rectangular channel, a
more complex shape such as an L or a T shape, or any other
shape. In one example, each of the pillars 1040 extending
within a single recess 1024' can be electrically connected
with a different potential. Alternatively, one or more of
such pillars 1040 extending within a single recess 1024' can
be shorted with one another, such that they are electrically
connected with the same potential, for example, a reference
potential.

[0130] The components described above can be utilized in
construction of diverse electronic systems, as shown in
FIG. 17. For example, a system 1700 in accordance with a
further embodiment of the invention includes a microelectronic
element 1706 as described above in conjunction with other
electronic components 1708 and 1710. In the example depicted,
component 1708 is a semiconductor chip whereas component 1710
is a display screen, but any other components can be used. O0Of
course, although only two additional components are depicted
in FIG. 17 for clarity of illustration, the system may include
any number of such components. The microelectronic element
1706 may be any of the microelectronic elements or
microelectronic assemblies described above. In a further
variant, any number of such microelectronic elements 1706 can
be used.

[0131] The microelectronic element 1706 and components 1708
and 1710 can be mounted 1in a common housing 1701,
schematically depicted in broken lines, and can be

electrically interconnected with one another as necessary to
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form the desired circuit. In the exemplary system shown, the
system can include a circuit panel 1702 such as a flexible
printed c¢ircuit board, and the circuit panel can include
numerous conductors 1704, of which only one is depicted in
FIG. 17, 1interconnecting the components with one another.
However, this is merely exemplary; any suitable structure for
making electrical connections can be used.

[0132] The housing 1701 1is depicted as a portable housing
of the type usable, for example, in a cellular telephone or
personal digital assistant, and screen 1710 can be exposed at
the surface of the housing. Where the microelectronic element
1706 includes a light-sensitive element such as an imaging
chip, a lens 1711 or other optical device also can be provided
for routing light to the microelectronic element. Again, the
simplified system shown in FIG. 17 i1s merely exemplary; other
systems, including systems commonly regarded as fixed
structures, such as desktop computers, routers and the like
can be made using the structures discussed above.

[0133] The openings, apertures, and conductive elements
disclosed herein can be formed by processes such as those
disclosed in greater detail in U.S. Patent Application
Publication Nos. 2008/0246136, 2012/0018863, 2012/0018868,
2012/0018893, 2012/00188%94, 2012/0018895, and 2012/0020026,
the disclosures of which are incorporated by reference herein.
[0134] Although the invention herein has been described
with reference to particular embodiments, it is to Dbe
understood that these embodiments are merely illustrative of
the principles and applications of the present invention. It
is therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
arrangements may be devised without departing from the spirit
and scope of the present invention as defined by the appended

claims.
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[0135] It will be appreciated that the wvarious dependent
claims and the features set forth therein can be combined in
different ways than presented in the initial claims. It will
also be appreciated that the features described in connection
with individual embodiments may be shared with others of the

described embodiments.
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CLAIMS

1. A method of attaching a microelectronic element to a
substrate, comprising:
aligning the substrate with a microelectronic
element, the microelectronic element having a plurality of
spaced-apart electrically conductive bumps each including a
bond metal, the bumps exposed at a front surface of the
microelectronic element, the substrate having a plurality of
spaced-apart recesses extending from a first surface thereof,
the recesses each having at least a portion of one or more
inner surfaces that are non-wettable by the bond metal of
which the bumps are formed; and
reflowing the bumps so that at least some of the
bond metal of each bump liquefies and flows at least partially
into one of the recesses and solidifies therein such that the
reflowed bond material in at least some of the recesses

mechanically engages the substrate.

2. The method as c¢laimed 1in «c¢laim 1, wherein the
substrate 1is a handling substrate, and all of +the inner
surfaces of at least some of the recesses are non-wettable by

the bond metal of which the bumps are formed.

3. The method as c¢laimed 1in «c¢laim 1, wherein the
microelectronic element is a first microelectronic element and
the substrate is a second microelectronic element, each of the
microelectronic elements having at least one of active or

passive devices therein.

4, The method as claimed in c¢laim 1, wherein at least
50% of the surface area of the inner surfaces of at least some
of the recesses are first portions that are wettable by the
bond metal of which the bumps are formed, and at least 25% of
the surface area of the inner surfaces of the at least some of
the recesses are second portions that are non-wettable by the

bond metal of which the bumps are formed, the non-wettable
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surface area being adjacent to the first surface of the
substrate and separating the wettable surface area from the

first surface.

5. The method as claimed in claim 4, wherein the first
portions of the surface area of the at 1least some of the

recesses each include a plurality of discontinuous portions.

6. The method as claimed in c¢laim 1, wherein each of
the bumps is disposed at an end of a solid metal pillar, each
solid metal pillar having a base adjacent the front surface of
the microelectronic element, the end being remote from the

base.

7. The method as c¢laimed 1in c¢laim 6, wherein the
aligning step includes inserting at least some of the solid

metal pillars into corresponding ones of the recesses.

8. The method as claimed 1in claim 6, wherein each of
the bumps contacts at least a portion of a height of the
sidewalls of the solid metal pillar on which it is disposed,
the height of the sidewalls of each solid metal pillar
extending between the base and the end thereof in a direction
perpendicular to the front surface of the microelectronic

element.

9. The method as claimed 1in claim 8, wherein each of
the bumps contacts 10% or less of the height of the sidewalls

of the solid metal pillar on which it is disposed.

10. The method as claimed in c¢laim 9, wherein 90% or
more of the height of the sidewalls of each of the solid metal
pillars are non-wettable by the bond metal of which the bumps

are formed.

11. The method as claimed in c¢laim 1, wherein each of
the  bumps is disposed on the front surface of the

microelectronic element.
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12. The method as claimed in c¢laim 1, wherein each of
the bumps 1s disposed at a top surface of a conductive pad,
each conductive pad having a bottom surface adjacent the front
surface of the microelectronic element, the top surface being

remote from the bottom surface.

13. The method as claimed in claim 1, wherein, after the
reflowing step, the at least some of the bumps each define an
upper surface that confronts and is spaced apart from at least
one upper surface of the corresponding one of the recesses

into which the bump flows.

14, The method as claimed in c¢laim 1, wherein the at
least some of the recesses each have at least one surface
reentrant with respect to the first surface of the substrate
to permit the mechanical engagement of the reflowed bond metal

therein.

15. The method as claimed in claim 1, wherein, after the
reflowing step, the at least some of the bumps each define a
first width within the corresponding one of the recesses in a
first direction parallel to the first surface of the substrate
greater than a second width of the corresponding one of the
recesses 1n the first direction, the second width located

between the first width and the first surface.

16. The method as c¢laimed in c¢laim 1, wherein the at
least some of the recesses each have an entry portion and a
transverse portion, the entry portion extending from the first
surface of the substrate in a first direction towards a second
opposed surface thereof, the transverse portion extending in a
second direction transverse to the first direction away from
the entry portion, the transverse portion having therein at

least one surface reentrant with respect to the first surface.

17. The method as claimed in claim 1, wherein at least

some of the non-wettable inner surfaces of the recesses
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include a layer of non-wettable dielectric material overlying

an inner surface of the substrate.

18. The method as c¢laimed in «c¢laim 1, wherein the
reflowing step is performed while the bumps are subject to a
vacuum pressure that 1is less than atmospheric pressure or an

inert or reducing ambient environment.

19. The method as claimed in claim 1, wherein at least

some of the bumps are reflowed into a single common recess.

20. The method as claimed in claim 1, wherein at least
some of the recesses each include a conductive surface exposed
at one or more of the inner surfaces thereof, and wherein the
reflowed bond material in the at least some o0f the recesses

contacts the corresponding conductive surface.

21. The method as c¢laimed in c¢laim 20, wherein the
reflowing step includes the reflowed bond material of at least
some of the bumps at least partially forming an intermetallic

bond with the corresponding ones of the conductive surfaces.

22. The method as claimed in claim 1, further
comprising, after the reflowing step, electrically testing the
microelectronic element through electrical connections made

through the substrate and the reflowed bond metal.

23. The method as claimed in claim 1, further
comprising, after the reflowing step, reducing a thickness of
the microelectronic element by removing material from a rear

surface thereof opposite the front surface.

24. The method as claimed in claim 1, further
comprising, after the reflowing step, moving the
microelectronic element by moving the substrate with the

microelectronic element attached thereto.

25. The method as claimed in claim 24, wherein, during
the moving step, a retention force is applied by the reentrant

surfaces onto the reflowed bond material.
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26. The method as c¢laimed in <c¢laim 25, wherein the

retention force is at least 2 psi.

27. The method as claimed in claim 24, further
comprising, after the moving step, detaching the
microelectronic element from the substrate by reflowing the
bumps so that at least some of the bond metal thereof
liquefies and flows out of the corresponding ones of the

recesses.

28. The method as claimed in c¢laim 27, wherein the at
least some of the bumps each have an initial volume before the
at least some of the bond material thereof flows 1into the
corresponding ones of the recesses and a final volume after
the at least some of the bond material thereof flows out of
the corresponding ones of the recesses, and the final volume

is within 10% of the initial wvolume.

29. The method as c¢laimed in c¢laim 1, wherein the
substrate has at least some portions that are translucent or
transparent between the first surface and a second surface
opposite therefrom, such that, during the aligning step, at
least a portion of the microelectronic element is wvisible to

an imaging device through a thickness of the substrate.

30. A method of moving a plurality of microelectronic

elements, comprising:

placing a first microelectronic element atop a
package substrate such that at least some electrically
conductive bumps exposed at a first surface of the first
microelectronic element are aligned with conductive elements
exposed at a surface of the package substrate;

attaching a second microelectronic element to a
substrate by the method according to claim 1;

moving the second microelectronic element to a
position atop the first microelectronic element so that a rear

surface of the second microelectronic element confronts a
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second surface of the first microelectronic element opposite
the first surface thereof, wherein the Dbumps of the second
microelectronic element are first bumps, such that bond metal
of at least some second electrically conductive bumps exposed
at the rear surface of the second microelectronic element
contact <corresponding conductive elements exposed at the
second surface of the first microelectronic element; and
reflowing the bumps of the first and second
microelectronic elements such that the bond metal of at least
some of the first bumps of the second microelectronic element
reflows and disengages from the recesses of the substrate,
such that bond metal of at least some of the second bumps of
the second microelectronic element bonds with corresponding
ones of the conductive elements of the first microelectronic
element, and such that bond metal of at least some of the
bumps o©of the first microelectronic element bonds with
corresponding ones of the conductive elements of the package

substrate.

31. The method as claimed in c¢laim 30, wherein, during
the step of reflowing the bumps of the first and second
microelectronic elements, the at least some of the second
bumps self-align with the corresponding conductive elements
exposed at the second surface of the first microelectronic

element.

32. A method of attaching a microelectronic element to a
substrate, comprising:
aligning the substrate with a microelectronic
element, the microelectronic element having a plurality of
spaced-apart electrically conductive bumps each including a
bond metal, the bumps exposed at a front surface of the
microelectronic element, the substrate having a plurality of
spaced-apart conductive surfaces exposed at a first surface

thereof; and
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reflowing the bumps so that at least some of the
bond metal thereof liquefies and solidifies in contact with
corresponding ones of the conductive surfaces such that the
reflowed bond material contacting the corresponding ones of

the conductive surfaces mechanically engages the substrate.

33. The method as c¢laimed in <c¢laim 32, wherein the
reflowing step includes the reflowed bond material of at least
some of the bumps at least partially forming an intermetallic

bond with the corresponding ones of the conductive surfaces.

34. The method as claimed in c¢laim 32, wherein each of
the bumps is disposed at a top surface of a conductive element
of the microelectronic element, each top surface being exposed

at the front surface of the microelectronic element.

35. A method o0of testing a microelectronic element,

comprising:

aligning a testing substrate with a microelectronic
element, the microelectronic element having a plurality of
spaced-apart electrically conductive protrusions exposed at a
front surface thereof, the testing substrate having a
plurality of spaced-apart recesses extending from a first
surface thereocf, at least some of the recesses each including
a compliant electrically conductive element exposed at an
inner surface thereof, each compliant element being
electrically connected with a component that is configured to
electrically test the microelectronic element;

deformably engaging the compliant elements of the
testing substrate with corresponding ones of the protrusions
of the microelectronic element, the protrusions extending into
interior cavities of the compliant elements defined by the
protrusions;

electrically testing the microelectronic element
while the protrusions are engaged with the compliant elements;
and

withdrawing the protrusions from the recesses.
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36. The method as c¢laimed 1n c¢laim 35, wherein each
protrusion is a solid metal pillar having a base adjacent the
front surface of the microelectronic element and an end remote
from the base, and wherein at least the ends of the pillars
contact the compliant elements during the deformably engaging

step.

37. The method as c¢laimed 1in c¢laim 35, wherein each
compliant element consists essentially of a compliant metal or

metal alloy.

38. The method as c¢laimed 1n c¢laim 35, wherein each
compliant element has a tip that protrudes away from the inner

surface of the respective recess.

39. The method as claimed in claim 35, wherein at least
a portion of each compliant element includes a conductive

fluid therein.

40. The method as claimed in claim 35, further
comprising, after the electrically testing step, reflowing the
compliant elements to remove the interior cavities of the

compliant elements that were defined by the protrusions.

41. The method as c¢laimed in «c¢laim 40, wherein the

withdrawing and reflowing steps are performed simultaneously.

42. A microelectronic assembly, comprising:

a first substrate having a plurality of spaced-apart
recesses extending from a first surface thereof;

a second substrate having a plurality of spaced-
apart solid metal pillars exposed at a first surface thereof,
each pillar extending into one of the recesses, each pillar
having a base adjacent the first surface of the second
substrate and an end remote from the base; and

a plurality of electrically conductive bumps each
including a bond metal, each bump exposed at the end of a
corresponding one of the pillars, at least some of the bond

metal of each bump at least partially disposed in
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corresponding ones of the recesses and solidified therein such
that the bond material in at least some of the recesses at
least one of mechanically or electrically engages the first
substrate,

wherein a first portion of the surface area of inner
surfaces of at least some of the recesses are wettable by the
bond metal of which the bumps are formed, and a second portion
of the surface area of the inner surfaces of the at least some
of the recesses are non-wettable by the bond metal of which
the bumps are formed, the second portion being adjacent the
first surface of the first substrate and separating the first

portion from the first surface of the first substrate.

43. The microelectronic assembly as claimed in claim 42,
wherein at least some of the first portion or at least some of
the second portion include a plurality of discontinuous

portions.

44, The microelectronic assembly as claimed in claim 42,
wherein at least some of the pillars extend into a single

common one of the recesses.

45. The microelectronic assembly as claimed in claim 42,
wherein at least one of the first and second substrates is a
microelectronic element having at least one o0f active or

passive devices therein.

46. The microelectronic assembly as claimed in claim 42,
wherein the recesses are a first plurality of recesses and the
bumps are a first plurality of bumps, the first substrate
having a second plurality of spaced-apart recesses extending
from a second surface thereof opposite the first surface, the
microelectronic assembly further comprising:

a third substrate having a plurality of spaced-apart
solid metal pillars exposed at a first surface thereof, each
pillar of the third substrate extending into a corresponding

one of the second plurality of recesses, each pillar of the
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third substrate having a base adjacent the first surface of
the third substrate and an end remote from the base; and

a second plurality of electrically conductive bumps
each including a bond metal, each of the second plurality of
bumps exposed at the end of a corresponding one of the pillars
of the third substrate, at least some of the bond metal of
each o©of the second plurality of bumps at least partially
disposed in corresponding ones of the second recesses and
solidified therein such that the bond material 1in at least
some of the second recesses mechanically engages the third

substrate.

47. A handling substrate, comprising:

a body having first and second opposed surfaces;

a plurality of spaced-apart recesses extending from
the first surface, the recesses each having inner surfaces
that are non-wettable by a bond metal; and

a plurality of conductive elements each exposed at
at least one of the inner surfaces of a corresponding one of
the recesses, at least some of the conductive elements being
electrically connected with a component that is configured to

electrically test the microelectronic element.

48. The handling substrate as c¢laimed in c¢laim 47,
wherein the body of the handling substrate has an effective
CTE in a plane of the handling substrate parallel to the first

surface thereof of less than 5 ppm/°C.

49, The handling substrate as c¢laimed in c¢laim 47,
wherein the body of the handling substrate consists

essentially of glass or silicon.

50. The handling substrate as c¢laimed in c¢laim 47,
wherein the at least some of the recesses each have at least

one surface reentrant with respect to the first surface.

51. The handling substrate as c¢laimed in c¢laim 47,

wherein the at least some of the recesses each have an entry
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portion and a transverse portion, the entry portion extending
from the first surface in a first direction towards the second
surface, the transverse portion extending in a second
direction transverse to the first direction away from the
entry portion, the transverse portion having therein at least

one of the reentrant surfaces.

52. The handling substrate as c¢laimed in c¢laim 47,
wherein at least some of the non-wettable inner surfaces of
the recesses 1include a layer of non-wettable dielectric

material overlying an inner surface of the handling substrate.

53. The handling substrate as c¢laimed in c¢laim 47,
wherein each conductive element has a tip that protrudes away
from the at least one of the inner surfaces of the respective

recess.

54. The handling substrate as c¢laimed in c¢laim 47,
wherein an exposed surface of each of the conductive elements

is non-wettable by a bond metal.

55. The handling substrate as c¢laimed in c¢laim 47,
wherein the handling substrate includes at least a first
region consisting essentially of semiconductor material
underlying the first surface and extending from a first
peripheral edge of the substrate to a second peripheral edge

of the substrate opposed thereto.

56. The handling substrate as c¢laimed in c¢laim 55,
wherein the handling substrate further includes a region of
dielectric material overlying the first region, and wherein
the recesses are disposed at least partially within the second

region.

57. A method of attaching a microelectronic element to a
substrate, comprising:

aligning the substrate with a microelectronic

element, the microelectronic element having a plurality of

spaced-apart bumps each including a reflowable material, the
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bumps exposed at a front surface of the microelectronic
element, the substrate having a plurality of spaced-apart
recesses extending from a first surface thereof, the recesses
each having at least a portion of one or more inner surfaces
that are non-wettable by the material of which the bumps are
formed; and

reflowing the bumps so that at least some of the
material of each bump liquefies and flows at least partially
into one of the recesses and solidifies therein such that the
reflowed material in at least some of the recesses

mechanically engages the substrate.

58. The method as c¢laimed in <c¢laim 57, wherein the

material i1s electrically conductive.

59. The method as c¢laimed in <c¢laim 57, wherein the

material is not electrically conductive.
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