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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to wafer-level and
semiconductor chip packaging. More particularly, the
present invention relates to improved compliant wafers
and compliant semiconductor package structures and
methods for making and testing the same.
[0002] Microelectronic devices such as semiconductor
chips typically require many input and output connections
to other electronic components. The input and output
contacts of a semiconductor chip or other comparable
device are generally disposed in grid-like patterns that
substantially cover a surface of the device (commonly
referred to as an "area array") or in elongated rows which
may extend parallel to and adjacent each edge of the
device’s front surface, or in the center of the front surface.
Typically, devices such as chips must be physically
mounted on a substrate such as a printed circuit board,
and the contacts of the device must be electrically con-
nected to electrically conductive features of the circuit
board.
[0003] Semiconductor chips are commonly provided
in packages that facilitate handling of the chip during
manufacture and during mounting of the chip on an ex-
ternal substrate such as a circuit board or other circuit
panel. For example, many semiconductor chips are pro-
vided in packages suitable for surface mounting. Numer-
ous packages of this general type have been proposed
for various applications. Most commonly, such packages
include a dielectric element, commonly referred to as a
"chip carrier" with terminals formed as plated or etched
metallic structures on the dielectric. These terminals typ-
ically are connected to the contacts of the chip itself by
features such as thin traces extending along the chip
carrier itself and by fine leads or wires extending between
the contacts of the chip and the terminals or traces. In a
surface mounting operation, the package is placed onto
a circuit board so that each terminal on the package is
aligned with a corresponding contact pad on the circuit
board. Solder or other bonding material is provided be-
tween the terminals and the contact pads. The package
can be permanently bonded in place by heating the as-
sembly so as to melt or "reflow" the solder or otherwise
activate the bonding material.
[0004] Many packages include solder masses in the
form of solder balls, typically about 0.1 mm and about
0.8 mm (5 and 30 mils) in diameter, attached to the ter-
minals of the package. A package having an array of
solder balls projecting from its bottom surface is com-
monly referred to as a ball grid array or "BGA" package.
Other packages, referred to as land grid array or "LGA"
packages are secured to the substrate by thin layers or
lands formed from solder. Packages of this type can be
quite compact. Certain packages, commonly referred to
as "chip scale packages," occupy an area of the circuit
board equal to, or only slightly larger than, the area of

the device incorporated in the package. This is advanta-
geous in that it reduces the overall size of the assembly
and permits the use of short interconnections between
various devices on the substrate, which in turn limits sig-
nal propagation time between devices and thus facilitates
operation of the assembly at high speeds.
[0005] Assemblies including packages can suffer from
stresses imposed by differential thermal expansion and
contraction of the device and the substrate. During op-
eration, as well as during manufacture, a semiconductor
chip tends to expand and contract by an amount different
from the amount of expansion and contraction of a circuit
board. Where the terminals of the package are fixed rel-
ative to the chip or other device, such as by using solder,
these effects tend to cause the terminals to move relative
to the contact pads on the circuit board. This can impose
stresses in the solder that connects the terminals to the
contact pads on the circuit board. As disclosed in certain
preferred embodiments of U.S. Patents 5,679,977;
5,148,266; 5,148,265; 5,455,390; and 5,518,964, semi-
conductor chip packages can have terminals that are
movable with respect to the chip or other device incor-
porated in the package. Such movement can compen-
sate to an appreciable degree for differential expansion
and contraction.
[0006] Testing of packaged devices poses another for-
midable problem. In some manufacturing processes, it
is necessary to make temporary connections between
the terminals of the packaged device and a test fixture,
and operate the device through these connections to as-
sure that the device is fully functional. Ordinarily, these
temporary connections must be made without bonding
the terminals of the package to the test fixture. It is im-
portant to assure that all of the terminals are reliably con-
nected to the conductive elements of the test fixture.
However, it is difficult to make connections by pressing
the package against a simple test fixture such as an or-
dinary circuit board having planar contact pads. If the
terminals of the package are not coplanar, or if the con-
ductive elements of the test fixture are not coplanar, some
of the terminals will not contact their respective contact
pads on the test fixture. For example, in a BGA package,
differences in the diameter of the solder balls attached
to the terminals, and non-planarity of the chip carrier,
may cause some of the solder balls to lie at different
heights.
[0007] These problems can be alleviated through the
use of specially constructed test fixtures having features
arranged to compensate for non-planarity. However,
such features add to the cost of the test fixture and, in
some cases, introduce some unreliability into the test fix-
ture itself. This is particularly undesirable because the
test fixture, and the engagement of the device with the
test fixture, should be more reliable than the packaged
devices themselves in order to provide a meaningful test.
Moreover, devices intended for high-frequency operation
typically must be tested by applying high frequency sig-
nals. This requirement imposes constraints on the elec-
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trical characteristics of the signal paths in the test fixture,
which further complicates construction of the test fixture.
[0008] Additionally, when testing wafers and packaged
devices having solder balls connected with terminals, sol-
der tends to accumulate on those parts of the test fixture
that engage the solder balls. This accumulation of solder
residue can shorten the life of the test fixture and impair
its reliability.
[0009] A variety of solutions have been put forth to deal
with the aforementioned problems. Certain packages
disclosed in the aforementioned patents have terminals
that can move with respect to the microelectronic device.
Such movement can compensate to some degree for
non-planarity of the terminals during testing.
[0010] U.S. Patents 5,196,726 and 5,214,308, both is-
sued to Nishiguchi et al., disclose a BGA-type approach
in which bump leads on the face of the chip are received
in cup-like sockets on the substrate and bonded therein
by a low-melting point material. U.S. Patent 4,975,079
issued to Beaman et al. discloses a test socket for chips
in which dome-shaped contacts on the test substrate are
disposed within conical guides. The chip is forced against
the substrate so that the solder balls enter the conical
guides and engage the dome-shaped pins on the sub-
strate. Sufficient force is applied so that the dome-shaped
pins actually deform the solder balls of the chip.
[0011] A further example of a BGA socket may be
found in commonly assigned U.S. Patent 5,802,699, is-
sued September 8, 1998. The ’699 patent discloses a
sheet-like connector having a plurality of holes. Each hole
is provided with at least one resilient laminar contact ex-
tending inwardly over a hole. The bump leads of a BGA
device are advanced into the holes so that the bump
leads are engaged with the contacts. The assembly can
be tested, and if found acceptable, the bump leads can
be permanently bonded to the contacts.
[0012] Commonly assigned U.S. Patent 6,202,297, is-
sued March 20, 2001, discloses a connector for microe-
lectronic devices having bump leads and methods for
fabricating and using the connector. In one embodiment
of the ’297 patent, a dielectric substrate has a plurality
of posts extending upwardly from a front surface. The
posts may be arranged in an array of post groups, with
each post group defining a gap therebetween. A gener-
ally laminar contact extends from the top of each post.
In order to test a device, the bump leads of the device
are each inserted within a respective gap thereby engag-
ing the contacts which wipe against the bump lead as it
continues to be inserted. Typically, distal portions of the
contacts deflect downwardly toward the substrate and
outwardly away from the center of the gap as the bump
lead is inserted into a gap.
[0013] Commonly assigned U.S. Patent 6,177,636,
discloses a method and apparatus for providing intercon-
nections between a microelectronic device and a sup-
porting substrate. In one preferred embodiment of the
’636 patent, a method of fabricating an interconnection
component for a microelectronic device includes provid-

ing a flexible chip carrier having first and second surfaces
and coupling a conductive sheet to the first surface of
the chip carrier. The conductive sheet is then selectively
etched to produce a plurality of substantially rigid posts.
A compliant layer is provided on the second surface of
the support structure and a microelectronic device such
as a semiconductor chip is engaged with the compliant
layer so that the compliant layer lies between the micro-
electronic device and the chip carrier, and leaving the
posts projecting from the exposed surface of the chip
carrier. The posts are electrically connected to the mi-
croelectronic device. The posts form projecting package
terminals that can be engaged in a socket or solder-bond-
ed to features of a substrate as, for example, a circuit
panel. Because the posts are movable with respect to
the microelectronic device, such a package substantially
accommodates thermal coefficient of expansion mis-
matches between the device and a supporting substrate
when the device is in use. Moreover, the tips of the posts
can be coplanar or nearly coplanar.
[0014] Despite all of the above-described advances in
the art, still further improvements in making and testing
wafers and microelectronic packages would be desira-
ble.

SUMMARY OF THE INVENTION

[0015] In the present invention, a microelectronic as-
sembly includes a microelectronic element, such as a
semiconductor wafer or chip, having a first surface and
contacts accessible at the first surface. The assembly
includes a compliant layer overlying the first surface of
the microelectronic element, the compliant layer having
openings in substantial alignment with the contacts of
the microelectronic element. A dielectric passivation lay-
er may be disposed between the first surface of the mi-
croelectronic element and the compliant layer. The as-
sembly also includes conductive posts overlying the com-
pliant layer and projecting away from the first surface of
the microelectronic element, whereby the conductive
posts are electrically interconnected with the contacts of
the microelectronic element. When the tip ends of the
conductive posts are abutted against conductive pads,
such as the conductive pads on a test board or printed
circuit board, the tips of the conductive posts are able to
move relative to the contacts on the microelectronic el-
ement so as to accommodate for non-planarities.
[0016] In certain preferred embodiments, the compli-
ant layer is preferably made of a material having a low
modulus of elasticity. The compliant layer may be made
of materials such as silicones, flexibilized epoxies, poly-
imides, thermosetting polymers, fluoropolymers and
thermoplastic polymers. The compliant layer has a top
surface, such as a flat top surface, and a sloping surface
extending between the top surface of the compliant layer
and the first surface of the microelectronic element. The
sloping surface may include at least one curved surface.
In particular preferred embodiments, the sloping surface
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includes a first curved surface extending from the first
surface of the microelectronic element and a second
curved surface extending from the top surface of the com-
pliant layer.
[0017] The microelectronic assembly includes elon-
gated, electrically conductive elements for electrically in-
terconnecting the conductive posts and the contacts of
the microelectronic element. The elongated, electrically
conductive elements may include materials such as cop-
per, gold, nickel and alloys, combinations and compos-
ites thereof. In certain preferred embodiments, the elon-
gated, electrically conductive elements may be bond rib-
bons or conductive traces. The elongated, electrically
conductive elements preferably extend over the compli-
ant layer.
[0018] In certain preferred embodiments of the present
invention, the compliant layer includes a plurality of com-
pliant bumps overlying the first surface of the microelec-
tronic element. At least one of the conductive posts may
be disposed atop at least one of the compliant bumps.
In other preferred embodiments, each conductive post
is disposed atop one of the compliant bumps. In still other
preferred embodiments, two or more conductive posts
may be disposed atop a single compliant bump. Each
conductive post desirably has a base adjacent the com-
pliant layer and a tip remote from the compliant layer.
The conductive posts preferably have a height that is
higher than the thickness of the solder mask so that the
posts are the highest/tallest structure on the microelec-
tronic assembly. As a result, during testing of the micro-
electronic assembly, the tips of the conductive posts are
the first elements to engage the conductive pads on a
test board. The conductive posts have a height of about
50-300 micrometers. In certain preferred embodiments,
at least one of the conductive posts has a frustoconical
shape with a base having a diameter of about 100-600
micrometers and a tip having a diameter of about 40-200
micrometers. The conductive posts may be made of an
electrically conductive material, such as copper, copper
alloys, gold and combinations thereof.
[0019] In other preferred embodiments of the present
invention, a microelectronic assembly includes a micro-
electronic element, such as a semiconductor wafer or
chip, having a first surface with contacts accessible at
the first surface, and a compliant layer overlying the first
surface of the microelectronic element, the compliant lay-
er having a top surface spaced from the first surface of
the microelectronic element. The assembly also desira-
bly includes conductive posts overlying the top surface
of the compliant layer and projecting away from the first
surface of the microelectronic element, and elongated,
conductive elements electrically interconnecting the con-
ductive posts and the contacts of the microelectronic el-
ement.
[0020] The compliant layer may comprise a plurality of
compliant bumps, with each conductive post being dis-
posed atop one of the conductive bumps. The compliant
layer desirably has openings in alignment with the con-

tacts of the microelectronic element, the openings defin-
ing sloping surfaces of the compliant layer extending from
the first surface of the microelectronic element to the top
surface of the compliant layer. The elongated, conductive
elements desirably overlie the sloping surfaces of the
compliant layer.
[0021] In still other preferred embodiments of the
present invention, a microelectronic assembly includes
a microelectronic element having a first surface and con-
tacts accessible at the first surface, and a plurality of com-
pliant bumps overlying the first surface of the microelec-
tronic element, each of the compliant bumps being dis-
posed adjacent one of the contacts of the microelectronic
element. The assembly desirably includes conductive
posts overlying the microelectronic element and project-
ing away from the first surface of the microelectronic el-
ement, and conductive traces electrically interconnecting
the conductive posts and the contacts of the microelec-
tronic element, whereby the compliant bumps enable the
conductive posts to move relative to the contacts of the
microelectronic element.
[0022] The compliant bumps preferably have top sur-
faces that are spaced from the first surface of the micro-
electronic element and sloping surfaces that extend be-
tween the top surfaces of the compliant bumps and the
first surface of the microelectronic element. The conduc-
tive traces desirably extend over the sloping surfaces of
the compliant bumps.
[0023] These and other preferred embodiments of the
present invention will be described in more detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1A is a cross-sectional view of a microelectronic
element having one or more contacts.
FIG. 1B is a cross-sectional view of the microelec-
tronic element of FIG. 1A after a compliant layer has
been formed over the contact-bearing surface of the
microelectronic element.
FIG. 1C is a cross-sectional view of the micro elec-
tronic subassembly shown in the FIG. 1B after elon-
gated conducted traces have been formed atop the
compliant layer.
FIG. 1D is a cross-sectional view of the microelec-
tronic subassembly of FIG. 1C after conductive posts
or pins have been formed atop the elongated con-
ductive traces shown in FIG. 1C.
FIG. 2 shows a cross-sectional view of a microelec-
tronic assembly, in accordance with another pre-
ferred embodiment of the present invention.
FIGS. 3A and 3B show a method of testing the mi-
croelectronic assembly of FIG. ID.
FIGS. 4A and 4B show a method of testing the mi-
croelectronic assembly of FIG. 2.
FIG. 5 shows a microelectronic assembly, in accord-
ance with another preferred embodiment of the
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present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0025] FIGS. 1A-1D illustrate a cross-sectional side
view of a process for creating compliant microelectronic
assemblies having conductive posts or pins electrically
interconnected therewith.
[0026] FIG. 1A shows a semiconductor wafer 20 hav-
ing a plurality of die or chips. The wafer has a first face
or contact bearing face 22 with one or more contacts 24
accessible at the first face 22. The wafer may be singu-
lated into individual chip packages at any point during
the fabrication process disclosed herein. In other pre-
ferred embodiments, the wafer 20 may be replaced by a
single microelectronic chip. A dielectric passivation layer
(not shown) may be deposited or adhered onto the con-
tact bearing face 22 of the wafer 20. The passivation
layer may be a SiO2 passivation layer commonly found
on the contact-bearing surface of semiconductor chips.
In another preferred embodiment, a separate dielectric
passivation layer may be used such as an epoxy resin,
polyimide resin, photo-imageable dielectric, etc. When
the separate passivation layer is used, the passivation
layer may be spun onto and built up to a planar, sheet-
like form on the face surface, or the dielectric sheet may
be laminated to the face surface using any one of the
electronic grade adhesives commonly known and used
by those skilled in the art. The passivation layer prefer-
ably covers the contact bearing face 22 of the wafer and
leaves the contacts 24 exposed so that a conductive el-
ement such as an elongated bond ribbon may be plated
thereon in a later step, as described below.
[0027] Referring to FIG. 1B, a compliant layer 26 is
deposited or laminated onto the exposed surface of the
passivation layer (not shown). The compliant layer may
be formed and/or have a shape as disclosed in commonly
assigned U.S. Patents 6,211,572; 6,284,563; 6,465,878;
6,847,101 and 6,847,107, and co-pending U.S. Applica-
tions 09/020,647 and 10/873,883. The compliant layer
26 may be stenciled, screened or transfer molded on a
passivation layer using a curable liquid which, when
cured, adheres to the passivation layer. Alternatively, the
compliant layer 26 may be adhered to the exposed sur-
face of the passivation layer in the form of cured compli-
ant pads using an electronic grade adhesive. The com-
pliant layer 26 preferably has a substantially flat top sur-
face 28 and a gradual, sloping transition surface 30 be-
tween the contact bearing face 22 of the wafer 20 and
the top surface 28 of the compliant layer. The sloping
transition surface 30 may follow a line of curvatures be-
tween the contact bearing face 26 and the substantially
flat top surface 28 or may simply be canted at an angle
such that the sloping surface 30 is not too vertically ori-
ented in relation to the contact bearing surface 22 and
the substantially flat surface 28. The compliant layer 26
may be formed from a wide variety of materials, such as

a low modulus of elasticity material. The compliant layer
may also be fabricated of polymeric and other materials
such as silicones, flexibilized epoxies, polyimides and
other thermosetting polymers, fluoropolymers and ther-
moplastic polymers.
[0028] A plating seed layer (not shown) may be depos-
ited atop the aforementioned assembly. The seed layer
may be deposited using a sputtering operation. Typical
plating seed layer materials include palladium (for elec-
troless plating), titanium, tungsten nickel and chromium.
In other preferred embodiments, however, primarily cop-
per seed layers are used.
[0029] Referring to FIG. 1C, a photoresist (not shown)
may be applied to the exposed top surface of the com-
pliant layer 26 and then exposed and developed for form-
ing elongated, electrically conductive bond ribbons or
traces 32 that form electrically conductive pads. The elec-
trically conductive bond ribbons preferably electrically in-
terconnect the chip contacts 24 near a first and of the
conductive ribbons 32 and terminals 34 near a second
end of the electrically conductive bond ribbons 32. The
bond ribbons may be plated directly onto the contacts
24. Preferred bond ribbons materials include copper,
gold, nickel and alloys, combinations and composites
thereof.
[0030] Referring to FIG. 1D, a masking layer 36 may
be deposited or laminated over the top of the assembly
so that only the terminals 34 are exposed. The masking
layer may be a dielectric material. The solder mask may
comprise a screened, exposed and developed or lami-
nated sheet, a photo-resisting material or may comprise
a paralyne epoxy resin, polyimide resin, fluoropolymer,
etc., which is deposited or laminated onto the assembly.
[0031] Referring to FIG. 1D, conductive posts or pins
38 are formed atop each of the conductive terminals 34.
The conductive posts or pins may be plated or deposited
so that they project above the contact bearing face 22 of
the semiconductor wafer 20 or chip. In certain preferred
embodiments, each conductive post 38 is preferably con-
nected to the terminal end 34 of the conductive trace 32.
The dimensions of the posts may vary over a significant
range. In certain preferred embodiments, the posts have
a height hp above the top surface 28 of the compliant
layer 26 of about 50-300 micrometers. Each post has a
base 40 adjacent the compliant layer and a tip 42 remote
from the compliant layer. The conductive posts 38 may
be formed from any electrically conductive materials, but
desirably are formed from metallic materials such as cop-
per, copper alloys, gold and combinations thereof. For
example, the conductive posts 38 may be formed from
copper with a layer of gold 44 provided at the surfaces
of the posts 38.
[0032] In certain preferred embodiments, conventional
processes such as plating may form the conductive trac-
es and the conductive posts may be formed using the
methods disclosed in commonly assigned U.S. Patent
No. 6,177,636. In yet other preferred embodiments, the
conductive posts may be fabricated as individual ele-
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ments and assembled to the microelectronic assembly
in any suitable manner that connects the conductive
posts to the terminal ends of the conductive traces 32.
In still other preferred embodiments, the assembly may
be formed by depositing a seed layer, plating conductive
traces having first ends connected with the contacts of
the microelectronic element and second ends disposed
atop the compliant layer, plating the conductive posts
atop the compliant layer and in contact with the conduc-
tive traces and removing the seed layer. The assembly
may also be formed by electrolessly plating the conduc-
tive posts. The conductive posts may be formed by elec-
trolessly plating the posts using copper or nickel.
[0033] Referring to FIG. 2, in other preferred embodi-
ments of the present invention, a microelectronic assem-
bly includes a semiconductor chip 120 having a contact
bearing face 122 with chip contacts 124. One or more
bumps of a compliant material 126 are formed atop the
contact bearing face 122 of the semiconductor chip 120.
In certain preferred embodiments, one or more of the
compliant bumps 126 may include a substantially flat top
surface 128 and a slopping surface 130 that transitions
between the top surface 128 and the contact bearing
surface 122 of the semiconductor chip 120. One or more
conductive bond ribbons 132 are formed atop the assem-
bly. Each conductive bond ribbon 132 has a first end
electrically interconnected with the contact 124 and a
second terminal end 134 that overlies the substantially
flat top surface 128 of the compliant bump 126. A masking
layer 136 may be provided over the top of the microelec-
tronic subassembly. The masking layer 136 includes
openings 137. The terminal ends 134 the conductive trac-
es 132 are exposed through the openings 137. One or
more conductive posts 138 are formed atop the sub-
assembly. Each conductive post 138 is preferably elec-
trically interconnected with the terminal end 134 of the
conductive trace 132. The conductive posts may be cov-
ered with a layer gold 144.
[0034] Referring to FIG. 3A, the microelectronic as-
sembly of FIG. 1D may be tested using a substrate 50,
such as a printed circuit board, having conductive pads
52. The illustration of the microelectronic assembly
shown in FIGS. 3A and 3B has been simplified for clarity.
The microelectronic assembly includes wafer 20 having
a first face 22 and compliant layer 26 overlying the first
face 22 of the wafer 20. Conductive posts 38 project from
the top surface 28 of the compliant layer 26. The con-
ductive posts 38 are electrically interconnected with con-
tacts on the wafer 20.
[0035] Referring to FIGS. 3A and 3B, in order to test
the microelectronic assembly, the tips 42 of the conduc-
tive posts 38 are juxtaposed with the conductive pads 52
of the circuitized substrate 50. As shown in FIG. 3B, the
tips of the conductive posts are pressed against the con-
ductive pads. The compliant layer 26 enables the tips pf
the conductive posts to move relative to the contacts on
the wafer to accommodate for non-planarities between
the posts and the conductive pads, as well as for thermal

mismatch. If the test of the microelectronic assembly is
successful, the assembly may be permanently attached
to a substrate such as a printed circuit board, such as by
using solder or another fusible or conductive material.
[0036] Referring to FIG. 4A, the microelectronic as-
sembly of FIG. 2 may be tested using a substrate 150,
such as a test board, having conductive pads 152. The
representation of the microelectronic assembly shown in
FIGS. 4A and 4B has been simplified for clarity of illus-
tration. The microelectronic assembly includes wafer 120
having a first face 122 and compliant bumps 126 overly-
ing the first face 122 of the wafer 120. Conductive posts
138 project from the top surfaces 128 of the compliant
bumps 126. The conductive posts 138 are electrically
interconnected with contacts 124 on the wafer 120 by
conductive traces 132. The conductive traces preferably
overlie the compliant bumps. The conductive traces are
preferably in contact with the compliant bumps. In certain
preferred embodiments, the conductive traces are in con-
tact with the compliant bumps and overlie the sloping
edges of the compliant bumps. The tips of the conductive
posts are preferably the highest part of the microelec-
tronic assembly so that the tips are the first part of the
assembly to engage the conductive pads on the test
board. The conductive posts may have any height so
long as the height is higher than the solder mask formed
atop the compliant layer or compliant bumps and/or so
long as the tips of the posts define the highest point of
the assembly. As a result, the tips of the conductive posts
may directly engage the conductive pads on a test board
during a testing operation, without requiring additional
materials such as solder or conductive links/bridges.
[0037] Referring to FIGS. 4A and 4B, in order to test
the microelectronic assembly, the tips 142 of the conduc-
tive posts 138 are juxtaposed with the conductive pads
152 of the circuitized substrate 150. As shown in FIG.
4B, the tips of the conductive posts 138 are pressed
against the conductive pads 152 for forming an electrical
interconnection between the microelectronic assembly
and the substrate 150. The compliant bumps 126 enable
the conductive posts 138 to move relative to the contacts
124 on the wafer 120 to accommodate for non-planarities
between the posts 138 and the conductive pads 152 on
the test substrate, as well as for thermal mismatch. If the
test of the microelectronic assembly is successful, the
assembly may be permanently attached to a substrate
such as a printed circuit board by using solder or another
fusible or conductive material.
[0038] Referring to FIG. 5, in certain preferred embod-
iments of the present invention, the conductive posts 238
may be generally frustoconical in shape, whereby the
base 240 and the tip 242 of each post 238 are substan-
tially circular. In these particular preferred embodiments,
the bases 240 of the posts typically are about 100-600
micrometers in diameter, whereas the tips 242 typically
are about 40-200 micrometers in diameter. The exterior
surfaces of the conductive posts may be optionally plated
with a highly conductive layer, such as gold, gold/nickel,
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gold/osmium or gold/palladium, or alternately plated with
a wear resistant, conductive coating such as osmium to
ensure that a good connection is made when the posts
are either soldered or socketed to a substrate.
[0039] In certain preferred embodiments of the present
invention, the posts may have a shape that facilitates a
tilting motion that causes the tip of each post to wipe
across an opposing contact pad as the tip is engaged
with the contact pad. This tilting motion promotes reliable
electrical contact. As discussed in greater detail in the
co-pending, commonly assigned U.S. Patent Application
Serial No. 10/985,126, filed November 10, 2004, entitled
"MICRO PIN GRID ARRAY WITH WIPING ACTION," the
posts may be provided with features which promote such
wiping action and otherwise facilitate engagement of the
posts and contacts. Conductive posts having other
shapes and designs that promote wiping and/or good
electrical contact are disclosed in greater detail in co-
pending, commonly assigned U.S. Patent Application
Serial No. 10/985,119, filed November 10, 2004, entitled
"MICRO PIN GRID WITH PIN MOTION ISOLATION,"
and commonly assigned U.S. Patent Application Serial
No. 11/014,439, filed December 16, 2004, entitled "MI-
CROELECTRONIC PACKAGES AND METHODS
THEREFOR."
[0040] In certain preferred embodiments of the present
invention, a particle coating such as that disclosed in U.S.
Patents 4,804,132 and 5,083,697, may be provided on
one or more electrically conductive parts of a microelec-
tronic package for enhancing the formation of electrical
interconnections between microelectronic elements and
for facilitating testing of microelectronic packages. The
particle coating is preferably provided over conductive
parts such as conductive terminals or the tip ends of con-
ductive posts. In one particularly preferred embodiment,
the particle coating is a metalized diamond crystal coat-
ing that is selectively electroplated onto the conductive
parts of a microelectronic element using standard pho-
toresist techniques. In operation, a conductive part with
the diamond crystal coating may be pressed onto an op-
posing contact pad for piercing the oxidation layer
present at the outer surface of the contact pad. The dia-
mond crystal coating facilitates the formation of reliable
electrical interconnections through penetration of oxide
layers, in addition to traditional wiping action.
[0041] The posts may also be fabricated by a process
such as that disclosed in co-pending, commonly as-
signed U.S. Patent Application Serial No. 10/959,465,
filed October 6, 2004 and entitled "Formation of Circuitry
With Modification of Feature Height."
[0042] Although the present invention is not limited by
any particular theory of operation, it is believed that pro-
viding conductive posts atop a compliant material as dis-
closed herein will provide a compliant wafer-level or chip
package that accommodates thermal mismatch and in-
sures the formation of proper electrical interconnections.
In addition, the use of conductive pins or posts enables
the microelectronic assemblies and/or wafers to be test-

ed by abutting the tips of the conductive posts directly
against the contacts on a test board, without requiring
the use of a test socket.
[0043] Although the present disclosure provides a par-
ticular sequence for making the microelectronic assem-
blies and wafers described herein, the order of the se-
quence may be altered and still fall within the scope of
the present invention.
[0044] In certain preferred embodiments, the struc-
tures disclosed herein may be used to make a test board
having a compliant layer and conductive posts projecting
from the compliant layer. The contacts on a bare wafer
or die may be abutted against the tips of the conductive
posts for testing the wafer or die.
[0045] Although the invention herein has been de-
scribed with reference to particular embodiments, it is to
be understood that these embodiments are merely illus-
trative of the principles and applications of the present
invention. It is therefore to be understood that numerous
modifications may be made to the illustrative embodi-
ments and that other arrangements may be devised with-
out departing from the scope of the present invention as
defined by the appended claims.

INDUSTRIAL APPLICABILITY

[0046] The present invention has applicability in the
microelectronics industry.

Claims

1. A microelectronic assembly comprising:

a microelectronic element (20) having a first sur-
face (22) and contacts (24) accessible at the first
surface;
a compliant layer (26) overlying the first surface
(22) of said microelectronic element (20);
said compliant layer (26) has a flat top surface
(28) and a sloping surface (30) extending be-
tween the flat top surface (28) of said compliant
layer (26) and the first surface (22) of said mi-
croelectronic element (20), characterized in
that the microelectronic assembly further in-
cludes:

electrically conductive posts (38, 138) each
having a base (40) adjacent to the flat top
surface (28) of the compliant layer (26); and
elongated, electrically conductive elements
(32, 132) electrically interconnecting said
conductive posts (38, 138) and said con-
tacts (24, 124) of said microelectronic ele-
ment (20, 120), wherein said elongated,
electrically conductive elements (32, 132)
extend over said compliant layer (26) ;
wherein the base (40) of each conductive

11 12 



EP 1 851 798 B1

8

5

10

15

20

25

30

35

40

45

50

55

post (38) is formed atop a terminal end (34)
of a respective electrically conductive ele-
ment (32, 132), the terminal end (34) formed
on the flat top surface (28) of the compliant
layer (26), and
said conductive posts (38) project above the
flat top surface (28) to a height of 50-300
micrometers.

2. The assembly as claimed in claim 1, wherein said
conductive posts (38) have tips (42) that define the
highest point on said assembly.

3. The assembly as claimed in claim 1, wherein said
compliant layer (26) has openings in substantial
alignment with said contacts (24) of said microelec-
tronic element(20).

4. The assembly as claimed in claim 3, wherein the
electrically conductive elements (32, 132) pass
through the openings in said compliant layer (26).

5. The assembly as claimed in claim 1, wherein said
microelectronic element (20) is a semiconductor wa-
fer.

6. The assembly as claimed in claim 1, wherein said
microelectronic element (20) is a semiconductor
chip.

7. The assembly as claimed in claim 1, further compris-
ing a dielectric passivation layer disposed between
the first surface (22) of said microelectronic element
(20) and said compliant layer (26).

8. The assembly as claimed in claim 1, wherein said
compliant layer (26) comprises a material having a
low modulus of elasticity.

9. The assembly as claimed in claim 1, wherein said
compliant layer comprises (26) a dielectric material.

10. The assembly as claimed in claim 1, wherein said
compliant layer (26) comprises a material selected
from the group consisting of silicones, flexibilized
epoxies, polyimides, thermosetting polymers, fluor-
opolymers and thermoplastic polymers.

11. The assembly as claimed in claim 1, wherein the
sloping surface (30) includes at least one curved sur-
face.

12. The assembly as claimed in claim 11, wherein the
at least one curved surface includes a curved surface
extending from the first surface (22) of said microe-
lectronic element (20) .

13. The assembly as claimed in claim 11, wherein the

at least one curved surface includes a curved surface
extending from the top surface of said compliant lay-
er (26).

14. The assembly as claimed in claim 1, wherein said
elongated, electrically conductive elements (32,
132) comprise materials selected from the group
consisting of copper, gold, nickel and alloys, combi-
nations and composites thereof.

15. The assembly as claimed in claim 1, wherein said
elongated, electrically conductive elements (32,
132) are selected from the group consisting of bond
ribbons and traces.

16. The assembly as claimed in claim 1, wherein said
compliant layer (26) comprises a plurality of compli-
ant bumps (126) overlying the first surface (22, 122)
of said microelectronic element (20, 120), and
wherein at least one of said conductive posts (38,
138) is disposed atop at least one of said compliant
bumps (126).

17. The assembly as claimed in claim 16, wherein said
conductive posts (38, 138) are disposed atop said
compliant bumps (126).

18. The assembly as claimed in claim 1, wherein each
said conductive post (38, 138) has a tip (42, 142)
remote from said compliant layer (26, 126).

19. The assembly as claimed in claim 18, wherein at
least one of said conductive posts (38, 138) has a
frustoconical shape with the base having a diameter
of about 100-600 micrometers and the tip (42, 142)
having a diameter of about 40-200 micrometers.

20. The assembly as claimed in claim 1, wherein said
conductive posts (38, 138) comprise materials se-
lected from the group consisting of copper, copper
alloys, gold and combinations thereof.

21. The assembly as claimed in claim 1, wherein said
compliant layer (26) comprises a plurality of compli-
ant bumps (126), said compliant bumps (126) having
top surfaces defining a top surface (128) of said com-
pliant layer (26, 126), and each said conductive post
(38, 138) is disposed atop the top surface (128) of
one of said conductive bumps (126).

22. The assembly as claimed in claim 1, wherein said
compliant layer (26, 126) has openings in alignment
with said contacts (24, 124) of said microelectronic
element (20, 120), said openings including the slop-
ing surfaces (30, 130) of said compliant layer (26,
126), wherein said elongated, conductive elements
(32, 132) overlie the sloping surfaces (30, 130) of
said compliant layer (26, 126).
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23. The assembly as claimed in claim 16, wherein said
compliant bumps (126) enable said conductive posts
(38, 138) to move relative to said contacts of said
microelectronic element (20, 120).

24. The assembly as claimed in claim 23, wherein said
compliant bumps (126) have the sloping surfaces
(30, 130).

25. The assembly as claimed in claim 24, wherein said
electrically conductive elements (32, 132) extend
over the sloping surfaces (30, 130) of said compliant
bumps (126).

Patentansprüche

1. Mikroelektronische Baugruppe, umfassend:

ein mikroelektronisches Element (20) mit einer
ersten Oberfläche (22) und Kontakten (24), die
auf der ersten Oberfläche zugänglich sind;
eine konforme Schicht (26), die die erste Ober-
fläche (22) des mikroelektronischen Elements
(20) überlagert;
wobei die konforme Schicht (26) eine flache
obere Oberfläche (28) und eine geneigte Ober-
fläche (30) aufweist, die zwischen der flachen
oberen Oberfläche (28) der konformen Schicht
(26) und der ersten Oberfläche (22) des mikro-
elektronischen Elements (20) verläuft, dadurch
gekennzeichnet, dass die mikroelektronische
Baugruppe ferner folgendes enthält:

elektrisch leitfähige Ständer (38, 138), die
jeder eine Basis (40) benachbart der fla-
chen oberen Oberfläche (28) der konfor-
men Schicht (26) aufweisen; und
längsgestreckte, elektrisch leitfähige Ele-
mente (32, 132), die die leitfähigen Ständer
(38, 138) und die Kontakte (24, 124) des
mikroelektronischen Elements (20, 120)
elektrisch miteinander verbinden, wobei
sich die längsgestreckten, elektrisch leitfä-
higen Elemente (32, 132) über die konforme
Schicht (26) erstrecken;
wobei die Basis (40) von jedem leitfähigen
Ständer (38) oben an einem Anschlussen-
de (34) eines jeweiligen, elektrisch leitfähi-
gen Elements (32, 132) ausgebildet ist, wo-
bei das Anschlussende (34) auf der flachen
oberen Oberfläche (28) der konformen
Schicht (26) ausgebildet ist, und
wobei die leitfähigen Ständer (38) über die
flache obere Oberfläche (28) bis auf eine
Höhe von 50 bis 300 Mikrometer vorstehen.

2. Baugruppe nach Anspruch 1, wobei die leitfähigen

Ständer (38) Spitzen (42) aufweisen, die den höchs-
ten Punkt der Baugruppe definieren.

3. Baugruppe nach Anspruch 1, wobei die konforme
Schicht (26) Öffnungen in wesentlicher Ausrichtung
an den Kontakten (24) des mikroelektronischen Ele-
ments (20) aufweist.

4. Baugruppe nach Anspruch 3, wobei die elektrisch
leitfähigen Elemente (32, 132) die Öffnungen in der
konformen Schicht (26) durchlaufen.

5. Baugruppe nach Anspruch 1, wobei das mikroelek-
tronische Element (20) ein Halbleiterwafer ist.

6. Baugruppe nach Anspruch 1, wobei das mikroelek-
tronische Element (20) ein Halbleiterchip ist.

7. Baugruppe nach Anspruch 1, ferner umfassend eine
dielektrische Passivierungsschicht, die zwischen
der ersten Oberfläche (22) des mikroelektrischen
Elements (20) und der konformen Schicht (26) an-
geordnet ist.

8. Baugruppe nach Anspruch 1, wobei die konforme
Schicht (26) ein Material mit einem niedrigen E-Mo-
dul (ELASTIZITÄTSMODUL) umfasst.

9. Baugruppe nach Anspruch 1, wobei die konforme
Schicht (26) ein dielektrisches Material umfasst.

10. Baugruppe nach Anspruch 1, wobei die konforme
Schicht (26) ein Material umfasst, das aus der Grup-
pe ausgewählt ist, die aus Silikonen, flexibilisierten
Epoxiden, Polyimiden, wärmeaushärtenden Poly-
meren, Fluorpolymeren und Thermoplastpolymeren
besteht.

11. Baugruppe nach Anspruch 1, wobei die geneigte
Oberfläche (30) zumindest eine gekrümmte Ober-
fläche umfasst.

12. Baugruppe nach Anspruch 11, wobei die zumindest
eine gekrümmte Oberfläche eine gekrümmte Ober-
fläche enthält, die von der ersten Oberfläche (22)
des mikroelektronischen Elements (20) verläuft.

13. Baugruppe nach Anspruch 11, wobei die zumindest
eine gekrümmte Oberfläche eine gekrümmte Ober-
fläche enthält, die von der oberen Oberfläche der
konformen Schicht (26) verläuft.

14. Baugruppe nach Anspruch 1, wobei die längsge-
streckten, elektrisch leitfähigen Elemente (32, 132)
Materialien umfassen, die aus der Gruppe ausge-
wählt sind, die aus Kupfer, Gold, Nickel und Legie-
rungen, Kombinationen und Verbundstoffen davon
besteht.
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15. Baugruppe nach Anspruch 1, wobei die längsge-
streckten. elektrisch leitfähigen Elemente (32, 132)
aus der Gruppe ausgewählt sind, die aus Bond-
Bändchen und Spuren besteht.

16. Baugruppe nach Anspruch 1, wobei die konforme
Schicht (26) mehrere konforme Bumps (126) um-
fasst, die die erste Oberfläche (22, 122) des mikro-
elektronischen Elements (20, 120) überlagern, und
wobei zumindest einer der leitfähigen Ständer (38,
138) oben auf zumindest einem der konformen
Bumps (126) angeordnet ist.

17. Baugruppe nach Anspruch 16, wobei die leitfähigen
Ständer (38, 138) oben auf den konformen Bumps
(126) angeordnet sind.

18. Baugruppe nach Anspruch 1, wobei jeder der leitfä-
higen Ständer (38, 138) eine Spitze (42, 142) auf-
weist, die von der konformen Schicht (26, 126) ent-
legen ist.

19. Baugruppe nach Anspruch 18, wobei zumindest ei-
ner der leitfähigen Ständer (38, 138) eine Kegel-
stumpfform aufweist, wobei die Basis einen Durch-
messer von ungefähr 100 bis 600 Mikrometer auf-
weist und die Spitze (42, 142) einen Durchmesser
von ungefähr 40 bis 200 Mikrometer aufweist.

20. Baugruppe nach Anspruch 1, wobei die leitfähigen
Ständer (38, 138) Materialien umfassen, die aus der
Gruppe ausgewählt sind, die aus Kupfer, Kupferle-
gierungen, Gold und Kombinationen davon besteht.

21. Baugruppe nach Anspruch 1, wobei die konforme
Schicht (26) mehrere konforme Bumps (126) um-
fasst, wobei die konformen Bumps (126) obere
Oberflächen aufweisen, die eine obere Oberfläche
(128) der konformen Schicht (26, 126) definieren,
und wobei jeder leitfähige Ständer (38, 138) oben
auf der oberen Oberfläche (128) von einem der leit-
fähigen Bumps (126) angeordnet ist.

22. Baugruppe nach Anspruch 1, wobei die konforme
Schicht (26, 126) Öffnungen in Ausrichtung an den
Kontakten (24, 124) des mikroelektronischen Ele-
ments (20, 120) aufweist, wobei die Öffnungen die
geneigten Oberflächen (30, 130) der konformen
Schicht (26, 126) enthalten, wobei die längsge-
streckten, leitfähigen Elemente (32, 132) die geneig-
ten Oberflächen (30, 130) der konformen Schicht
(26, 126) überlagern.

23. Baugruppe nach Anspruch 16, wobei die konformen
Bumps (126) ermöglichen, dass sich die leitfähigen
Ständer (38, 138) bezüglich der Kontakte des mikro-
elektronischen Elements (20, 120) bewegen.

24. Baugruppe nach Anspruch 23, wobei die konformen
Bumps (126) die geneigten Oberflächen (30, 130)
aufweisen.

25. Baugruppe nach Anspruch 24, wobei die elektrisch
leitfähigen Elemente (32, 132) über die geneigten
Oberflächen (30, 130) der konformen Bumps (126)
verlaufen.

Revendications

1. Assemblage microélectronique comprenant :

un élément microélectronique (20) présentant
une première surface (22) et des contacts (24)
accessibles au niveau de la première surface ;
une couche d’adaptation (26) recouvrant la pre-
mière surface (22) dudit élément microélectro-
nique (20) ;
ladite couche d’adaptation (26) présente une
surface supérieure plane (28) et une surface in-
clinée (30) s’étendant entre la surface supérieu-
re plane (28) de ladite couche d’adaptation (26)
et la première surface (22) dudit élément micro-
électronique (20), caractérisé en ce que l’as-
semblage microélectronique comprend en
outre :

des bornes électriquement conductrices
(38, 138) présentant respectivement une
base (40) adjacente à la surface supérieure
plane (28) de la couche d’adaptation (26) ;
et
des éléments allongés électriquement con-
ducteurs (32, 132) reliant électriquement
lesdites bornes conductrices (38, 138) et
lesdits contacts (24, 124) dudit élément mi-
croélectronique (20, 120), lesdits éléments
allongés électriquement conducteurs (32,
132) s’étendant sur ladite couche d’adapta-
tion (26) ;
dans lequel la base (40) de chaque borne
conductrice (38) est formée sur une extré-
mité terminale (34) d’un éléments électri-
quement conducteurs (32, 132) respectif,
l’extrémité terminale (34) étant formée sur
la surface supérieure plane (28) de la cou-
che d’adaptation (26), et
lesdites bornes conductrices (38) font saillie
au-dessus de la surface supérieure plane
(28) jusqu’à une hauteur de 50-300 micro-
mètres.

2. Assemblage selon la revendication 1, dans lequel
lesdites bornes conductrices (38) comportent des
pointes (42) définissant le point le plus haut dudit
assemblage.
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3. Assemblage selon la revendication 1, dans lequel
ladite couche d’adaptation (26) comporte des ouver-
tures substantiellement alignées avec lesdits con-
tacts (24) dudit élément microélectronique (20).

4. Assemblage selon la revendication 3, dans lequel
les éléments électriquement conducteurs (32, 132)
traversent les ouvertures dans ladite couche d’adap-
tation (26).

5. Assemblage selon la revendication 1, dans lequel
ledit élément microélectronique (20) est une plaquet-
te semiconductrice.

6. Assemblage selon la revendication 1, dans lequel
ledit élément microélectronique (20) est une puce
semiconductrice.

7. Assemblage selon la revendication 1, comprenant
en outre une couche de passivation diélectrique dis-
posée entre la première surface (22) dudit élément
microélectronique (20) et ladite couche d’adaptation
(26).

8. Assemblage selon la revendication 1, dans lequel
ladite couche d’adaptation (26) comprend un maté-
riau présentant un faible module d’élasticité.

9. Assemblage selon la revendication 1, dans lequel
ladite couche d’adaptation (26) comprend un maté-
riau diélectrique.

10. Assemblage selon la revendication 1, dans lequel
ladite couche d’adaptation (26) comprend un maté-
riau sélectionné parmi le groupe comprenant des si-
licones, des résines époxy assouplies, des polyimi-
des, des polymères thermodurcissables, des fluoro-
polymères et des polymères thermoplastiques.

11. Assemblage selon la revendication 1, dans lequel la
surface inclinée (30) comprend au moins une surfa-
ce courbe.

12. Assemblage selon la revendication 11, dans lequel
l’au moins une surface courbe comprend une surfa-
ce courbe s’étendant à partir de la première surface
(22) dudit élément microélectronique (20).

13. Assemblage selon la revendication 11, dans lequel
l’au moins une surface courbe comprend une surfa-
ce courbe s’étendant à partir de la surface supérieu-
re de ladite couche d’adaptation (26).

14. Assemblage selon la revendication 1, dans lequel
lesdits éléments allongés électriquement conduc-
teurs (32, 132) comprennent des matériaux sélec-
tionnés parmi le groupe comprenant le cuivre, l’or,
le nickel et des alliages, des combinaisons et des

composés de ceux-ci.

15. Assemblage selon la revendication 1, dans lequel
lesdits éléments allongés électriquement conduc-
teurs (32, 132) sont sélectionnés parmi le groupe
comprenant des rubans reliés et des empreintes.

16. Assemblage selon la revendication 1, dans lequel
ladite couche d’adaptation (26) comprend une plu-
ralité de bossages d’adaptation (126) recouvrant la
première surface (22, 122) dudit élément microélec-
tronique (20, 120), et dans lequel au moins l’une des
bornes conductrices (38, 138) est disposée par-des-
sus au moins l’un desdits bossages d’adaptation
(126).

17. Assemblage selon la revendication 16, dans lequel
lesdites bornes conductrices (38, 138) sont dispo-
sées sur lesdits bossages d’adaptation (126).

18. Assemblage selon la revendication 1, dans lequel
chacune desdites bornes conductrices (38, 138)
comporte une pointe (42, 142) distante de ladite cou-
che d’adaptation (26).

19. Assemblage selon la revendication 18, dans lequel
au moins l’une desdites bornes conductrices (38,
138) présente une forme frustoconique, dont la base
présente un diamètre d’environ 100-600 micromè-
tres et la pointe (42, 142) présente un diamètre d’en-
viron 40-200 micromètres.

20. Assemblage selon la revendication 1, dans lequel
lesdites bornes conductrices (38, 138) comprennent
des matériaux sélectionnés parmi le groupe com-
prenant le cuivre, les alliages de cuivre, l’or et des
combinaisons de ceux-ci.

21. Assemblage selon la revendication 1, dans lequel
ladite couche d’adaptation (26) comprend une plu-
ralité de bossages d’adaptation (126), lesdits bos-
sages d’adaptation (126) présentant des surfaces
supérieures définissant une surface supérieure
(128) de ladite couche d’adaptation (26, 126), et cha-
cune desdites bornes conductrices (38, 138) est dis-
posée sur la surface supérieure (128) de l’un desdits
bossages d’adaptation (126).

22. Assemblage selon la revendication 1, dans lequel
ladite couche d’adaptation (26, 126) comporte des
ouvertures alignées avec lesdits contacts (24, 124)
dudit élément microélectronique (20, 120), lesdites
ouvertures incluant les surfaces inclinées (30, 130)
de ladite couche d’adaptation (26, 126), lesdits élé-
ments conducteurs allongés (32, 132) recouvrant les
surfaces inclinées (30, 130) de ladite couche d’adap-
tation (26, 126).
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23. Assemblage selon la revendication 16, dans lequel
lesdits bossages d’adaptation (126) permettent
auxdites bornes conductrices (38, 138) d’être mobi-
les par rapport auxdits contacts dudit élément micro-
électronique (20, 120).

24. Assemblage selon la revendication 23, dans lequel
lesdits bossages d’adaptation (126) comportent les
surfaces inclinées (30, 130).

25. Assemblage selon la revendication 24, dans lequel
lesdits éléments électriquement conducteurs (32,
132) s’étendent sur les surfaces inclinées (30, 130)
desdits bossages d’adaptation (126).
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