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A method of manufacture of an integrated circuit packaging
system includes: providing a semiconductor wafer having a
chip pad; attaching a wafer frame to the semiconductor wafer,
the wafer frame having a horizontal cover integral to a pro-
truding connector with the protruding connector on the chip
pad; forming an underfill around the protruding connector
and between the horizontal cover and the semiconductor
wafer; removing the horizontal cover exposing the underfill
and the protruding connector; and singulating an integrated
circuit package from the semiconductor wafer.
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INTEGRATED CIRCUIT PACKAGING
SYSTEM WITH POSTS AND METHOD OF
MANUFACTURE THEREOF

TECHNICAL FIELD

[0001] The present invention relates generally to an inte-
grated circuit packaging system, and more particularly to a
system with interconnects.

BACKGROUND ART

[0002] Products must be capable of competing in world
markets and attracting many consumers or buyers. It is very
important for products to continue to improve in features,
performance, and reliability while reducing product costs,
product size, and to be available quickly for purchase by the
consumers or buyers.

[0003] Market growth for high density and high output/
input integrated circuit packages has resulted in a trend for
electronic products that are lightweight, smaller in size,
multi-functional, and capable of ever increasing higher
speeds. Electronic products such as cell phone base products,
global positioning systems (GPS), satellites, communication
equipment, consumer products, and a vast line of other simi-
lar products are in ever increasing global demand.

[0004] Smaller packages need to be electrically connected
with other parts and components. As the smaller packages
with more circuits continue to get shrink in size, there is a
greater need to produce the smaller packages with more and
more package connectors to support continually increasing
amounts of electrical connections to and from those smaller
packages.

[0005] Thus, an increasing need remains to increase the
electrical connections of packages as the sizes of the pack-
ages continue to shrink in size while the circuits inside those
packages continue to increase. It is also critical that the elec-
trical connections are created and placed with precision so
that each of the electrical connections can be spaced apart
from one another. Smaller packages must be able to connect
to circuit boards and deliver increasing functionality, speed,
and performance. In view of the economic and technological
challenges, it is increasingly critical that answers be found to
these problems.

[0006] Inview ofthe ever-increasing commercial competi-
tive pressures, along with growing consumer expectations
and the diminishing opportunities for meaningful product
differentiation in the marketplace, it is critical that answers be
found for these problems. Additionally, the need to reduce
costs, improve reliability and product yields to meet competi-
tive pressures adds an even greater urgency to the critical
necessity for finding answers to these problems.

[0007] Solutions to these problems have been long sought
after but prior developments have not taught or suggested any
solutions and, thus, solutions to these problems have long
eluded those skilled in the art.

DISCLOSURE OF THE INVENTION

[0008] The present invention provides a method of manu-
facture of an integrated circuit packaging system including:
providing a semiconductor wafer having a chip pad; attaching
a wafer frame to the semiconductor wafer, the wafer frame
having a horizontal cover integral to a protruding connector
with the protruding connector on the chip pad; forming an
underfill around the protruding connector and between the

Dec. 1, 2011

horizontal cover and the semiconductor wafer; removing the
horizontal cover exposing the underfill and the protruding
connector; and singulating an integrated circuit package from
the semiconductor wafer.

[0009] The present invention provides an integrated circuit
packaging system, including: an integrated circuit chip hav-
ing a chip pad; a conductive post on the chip pad; and an
underfill around the conductive post, the conductive post
exposed from the underfill, and a non-horizontal underfill
side of the underfill planar with a non-horizontal side of the
integrated circuit chip.

[0010] Certain embodiments of the invention have other
steps or elements in addition to or in place of those mentioned
above. The steps or elements will become apparent to those
skilled in the art from a reading of the following detailed
description when taken with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a bottom view of an integrated circuit
packaging system in a first embodiment of the present inven-
tion.

[0012] FIG. 2 is a cross-sectional view of FIG. 1 taken
along a line 2-2 of FIG. 1.

[0013] FIG. 3 is a top view of an integrated circuit packag-
ing system in a second embodiment of the present invention.
[0014] FIG. 4 is a cross-sectional view of FIG. 3 taken
along a line 4-4 of FIG. 3.

[0015] FIG. 51is a top view of a semiconductor wafer used
in manufacturing of the integrated circuit packaging system
of FIG. 2.

[0016] FIG. 6 is a cross-sectional view of FIG. 5 taken
along a line 6-6 of FIG. 5.

[0017] FIG. 7 is a bottom view of a wafer frame used in
manufacturing of the integrated circuit packaging system of
FIG. 2.

[0018] FIG. 8 is a cross-sectional view of FIG. 7 taken
along a line 8-8 of FIG. 7.

[0019] FIG. 9is atop view of the structure of FIG. 7 on the
structure of FIG. 5 in a mounting phase.

[0020] FIG. 10 is a cross-sectional view of FIG. 9 taken
along a line 10-10 of FIG. 9 in an attaching phase.

[0021] FIG. 11 is the structure of FIG. 10 in an underfill
applying phase.

[0022] FIG. 12 is the structure of FIG. 11 in a planarizing
phase.

[0023] FIG. 13 is the structure of FIG. 12 in a singulation
phase.

[0024] FIG. 14 is a bottom view of a wafer frame used in

manufacturing of the integrated circuit packaging system of
FIG. 2 in a third embodiment of the present invention.
[0025] FIG. 15 is a cross-sectional view of FIG. 14 taken
along a line 15-15 of FIG. 14.

[0026] FIG. 16 is a top view of the structure of FIG. 14 on
the structure of FIG. 5 in a mounting phase.

[0027] FIG. 17 is a cross-sectional view of FIG. 16 taken
along a line 17-17 of FIG. 16 in an attaching phase.

[0028] FIG. 18 is the structure of FIG. 17 in an underfill
applying phase.

[0029] FIG. 19 is the structure of FIG. 18 in an etching
phase.

[0030] FIG. 20 is the structure of FIG. 19 in a singulation
phase.
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[0031] FIG.21isaflow chart of amethod of manufacture of
the integrated circuit packaging system in a further embodi-
ment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0032] The following embodiments are described in suffi-
cient detail to enable those skilled in the art to make and use
the invention. It is to be understood that other embodiments
would be evident based on the present disclosure, and that
system, process, or mechanical changes may be made without
departing from the scope of the present invention.

[0033] In the following description, numerous specific
details are given to provide a thorough understanding of the
invention. However, it will be apparent that the invention may
be practiced without these specific details. In order to avoid
obscuring the present invention, some well-known circuits,
system configurations, and process steps are not disclosed in
detail.

[0034] The drawings showing embodiments of the system
are semi-diagrammatic and not to scale and, particularly,
some of the dimensions are for the clarity of presentation and
are shown greatly exaggerated in the drawing FIGs. Simi-
larly, although the views in the drawings shown for ease of
description and generally show similar orientations, this
depiction in the FIGs. is arbitrary for the most part. Generally,
the invention can be operated in any orientation.

[0035] Where multiple embodiments are disclosed and
described having some features in common, for clarity and
ease of illustration, description, and comprehension thereof,
similar and like features one to another will ordinarily be
described with similar reference numerals. The embodiments
have been numbered first embodiment, second embodiment,
etc. as a matter of descriptive convenience and are not
intended to have any other significance or provide limitations
for the present invention.

[0036] For expository purposes, the term “horizontal” as
used herein is defined as a plane parallel to the plane or
surface of the present invention, regardless of its orientation.
The term “vertical” refers to a direction perpendicular to the
horizontal as just defined. Terms, such as “above”, “below”,
“bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”,
“upper”, “over”, and “under”, are defined with respect to the
horizontal plane, as shown in the figures.

[0037] The term “on” means that there is direct contact
between elements. The term “directly on” means that there is
direct contact between one element and another element
without an intervening element.

[0038] The term “active side” refers to a side of a die, a
module, a package, or an electronic structure having active
circuitry fabricated thereon or having elements for connec-
tion to the active circuitry within the die, the module, the
package, or the electronic structure. The term “processing” as
used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or
removal of the material or photoresist as required in forming
a described structure.

[0039] With a growing demand for flip chip packages, a
critical need exists for producing high volume, reliable, and
low cost flip chip packages. Embodiments of the present
invention provides methods/solutions to meet the critical for
the demand by providing methods to form interconnects and
underfill on wafers during wafer level processing. The
embodiments forthcoming describe methods that result in
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improved interconnect joint strengths, improved coplanar
interconnects, underfill uniformity, and fine pitch intercon-
nects for the flip chip packages.

[0040] Referring now to FIG. 1, therein is shown a bottom
view of an integrated circuit packaging system 100 in a first
embodiment of the present invention. The bottom view
depicts first post ends 102, second post ends 104, third post
ends 106, and fourth post ends 108 exposed from an underfill
112 of'the integrated circuit packaging system 100. The inte-
grated circuit packaging system 100 can be a flip chip, as an
example.

[0041] The integrated circuit packaging system 100 can be
formed having one of or any combination ofthe first post ends
102, the second post ends 104, the third post ends 106, or the
fourth post ends 108 exposed in any position from the under-
fill 112. The integrated circuit packaging system 100 is shown
having every row occupied with the first post ends 102 except
the bottom row, as an example. The first post ends 102, the
second post ends 104, the third post ends 106, and the fourth
post ends 108 exposed from the underfill 112 can provide
electrical connectivity to circuitry within the integrated cir-
cuit packaging system 100.

[0042] The underfill 112 provides a hermetic seal protec-
tion around the first post ends 102, the second post ends 104,
the third post ends 106, and the fourth post ends 108 and to the
contents of the integrated circuit packaging system 100. The
underfill 112 also provides mechanical support and electrical
isolation for the first post ends 102, the second post ends 104,
the third post ends 106, and the fourth post ends 108. The
underfill 112 can be formed from an etchant resistant electri-
cally insulative material capable of providing structural rigid-
ity and characteristics similar that of an epoxy, an encapsu-
lant, or an anisotropic conductive film (ACF).

[0043] Theunderfill 112 can be used to improve the thermal
dissipation characteristics of the present invention. As an
example, the underfill 112 can be formed from a thermally
conductive material to provide both improve thermal dissipa-
tion and the hermetic seal protection. Non-horizontal under-
fill sides 114 of the underfill 112 enclose an area containing
the first post ends 102, the second post ends 104, the third post
ends 106, and the fourth post ends 108 forming an outline of
aplanar shape of the integrated circuit packaging system 100.

[0044] For illustrative purposes, the first post ends 102, the
second post ends 104, the third post ends 106, and the fourth
post ends 108 are shown having a footprint shape of a circle.
It is understood that the first post ends 102, the second post
ends 104, the third post ends 106, and the fourth post ends 108
can have a different footprint shapes. For example, the first
post ends 102 can have combination of footprint shapes that
can include a rectangle, oval, or a multifaceted geometric
shape.

[0045] Referring now to FIG. 2, therein is shown a cross-
sectional view of FIG. 1 taken along a line 2-2 of FIG. 1. The
cross-sectional view depicts first conductive posts 202 having
the first post ends 102, second conductive posts 204 having
the second post ends 104, third conductive posts 206 having
the third post ends 106, and the fourth conductive posts 208
having the fourth post ends 108.

[0046] Thefirstpostends 102, the second post ends 104, the
third post ends 106, and the fourth post ends 108 are exposed
from an attachment side 210 of the underfill 112. The first post
ends 102, the second post ends 104, the third post ends 106,
and the fourth post ends 108 can be formed from a metal that
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can include a copper metal, a conductive metal, a conductive
metal alloy, or any combination thereof.

[0047] Thefirstpostends 102 can be formed coplanar to the
attachment side 210 using a planarization process, an etching
process, or a combination thereof. The planarization process
results in the first post ends 102 having planarization marks
and the etching process results in etch marks.

[0048] The planarization marks are defined as a physical
appearance on a surface of an element that is a result of
manufacturing processes that can include grinding, sanding,
polishing, or any combination thereof. The planarization
marks are accompanied by differences between a grain struc-
ture on the surface of the element and a grain structure below
the surface of the element.

[0049] The etch marks are defined as an etched physical
appearance on a surface of an element that is the result of a
chemical etchant. The chemical etchant is an acidic, alkali, or
basic chemical used to dissolve unwanted materials such as
metals, semiconductor materials, or glass from a reduction-
oxidation (redox) reaction.

[0050] The etched physical appearance are from changes in
microstructure and macrostructure of the surface of the ele-
ment as a result of the redox reactions introduced by the
chemical etchant are observable using metallography tech-
niques to observe characteristics that can include a surface
crystal structure, surface reflective, surface refractive, and
surface profile characteristics.

[0051] The second conductive posts 204 includes a raised
platform 212 located centrally on the second post ends 104.
The second post ends 104 can optionally include a protect
layer 214.

[0052] The protectlayer 214 can be formed from a conduc-
tive metal different from the metal of the first post ends 102,
the second post ends 104, the third post ends 106, and the
fourth post ends 108. The protect layer 214 can cover a
portion of the second conductive posts 204 over the attach-
ment side 210 to prevent the portion of the second conductive
posts 204 from exposure to the chemical etchant.

[0053] The protect layer 214 on the second post ends 104
includes etch marks as a result of the etching process. The
second post ends 104 can be formed without the protect layer
214 provided the second post ends 104 are formed from an
etchant resistant conductive metal material. The second post
ends 104 formed without the protect layer 214 results in the
second post ends 104 having the etch marks.

[0054] Thethird postends 106 can project above the attach-
ment side 210 and include a cavity 216 centrally located in the
third post ends 106. The cavity 216 is formed by surrounding
sides and an inner post base 217 of the third post ends 106 that
are coplanar with the attachment side 210.

[0055] The third post ends 106 can optionally include the
protect layer 214. The protect layer 214 can cover a portion of
the third conductive posts 206 and the cavity 216 over the
attachment side 210 to prevent the portion of the third con-
ductive posts 206 from exposure to the chemical etchant.
[0056] The protect layer 214 on the third post ends 106
includes etch marks as a result of the etching process. The
third post ends 106 can be formed without the protect layer
214 provided the third post ends 106 are formed from an
etchant resistant conductive metal material. The third post
ends 106 formed without the protect layer 214 results in the
third post ends 106 having the etch marks.

[0057] The fourth post ends 108 of the fourth conductive
posts 208 can be below the attachment side 210 and forms a
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bottom of a recess 218 of the underfill 112. The fourth post
ends 108 can optionally include the protect layer 214 cover-
ing the fourth conductive posts 208. The protect layer 214 can
cover a portion of the fourth conductive posts 208 to prevent
the portion of the fourth conductive posts 208 from exposure
to the chemical etchant.

[0058] The protect layer 214 on the fourth post ends 108
includes etch marks as a result of the etching process. The
fourth post ends 108 can be formed without the protect layer
214 provided the fourth post ends 108 are formed from an
etchant resistant conductive metal material. The fourth post
ends 108 formed without the protect layer 214 results in the
fourth post ends 108 having the etch marks.

[0059] The underfill 112 is attached to an integrated circuit
chip 222. The integrated circuit chip 222 is defined as an
active device including a non-active side and an active side
224 having circuitry fabricated thereon. A side of the underfill
112 opposite the attachment side 210 is in direct contact with
the active side 224 of the integrated circuit chip 222.

[0060] The attachment side 210 can be parallel with the
active side 224. Chip pads 228 formed of conductive metal or
metal alloys on the active side 224. The chip pads 228 are
bond pads for the integrated circuit chip 222. The chip pads
228 are attached to ends of the first conductive posts 202
opposite the first post ends 102, the second conductive posts
204 opposite the second post ends 104, the third conductive
posts 206 opposite the third post ends 106, and the fourth
conductive posts 208 opposite the fourth post ends 108 using
solder. The chip pads 228 provide connectivity between cir-
cuitry of the integrated circuit chip 222 and the first conduc-
tive posts 202, the second conductive posts 204, the third
conductive posts 206, and the fourth conductive posts 208.
[0061] The first conductive posts 202, the second conduc-
tive posts 204, the third conductive posts 206, and the fourth
conductive posts 208 are formed from a material that can
include a copper metal, a conductive metal, a conductive
metal alloy, or any combination thereof. The first conductive
posts 202, the second conductive posts 204, the third conduc-
tive posts 206, and the fourth conductive posts 208 can be
structured having multiple joined layers of different material
having different physical characteristic properties.

[0062] The underfill 112 surrounds, provides structural
support, and hermetically seals the active side 224, sides of
the chip pads 228, and sides of the first conductive posts 202,
the second conductive posts 204, the third conductive posts
206, and the fourth conductive posts 208. Non-horizontal
sides 230 of the integrated circuit chip 222 can be coplanar
with the non-horizontal underfill sides 114.

[0063] The attachment side 210 can also be formed using a
planarization process, an etching process, or a combination
thereof. The attachment side 210 can exhibit characteristics
of'similar to the planarization marks and the etch marks ofthe
first post ends 102.

[0064] It has been discovered that the present invention
provides the integrated circuit packaging system 100 with
superior reliability over solder bumped packaging systems.
The underfill 112 provides improved joint strength from lat-
eral and tangential forces applied to the first conductive posts
202, the second conductive posts 204, the third conductive
posts 206, and the fourth conductive posts 208 when integrat-
ing with a next level of integration (not shown) such as a
printed circuit board or an integrated circuit packaging
assembly. The improved joint strength is a result of the active
side 224, sides of the chip pads 228, and the first conductive
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posts 202, the second conductive posts 204, the third conduc-
tive posts 206, and the fourth conductive posts 208 held
together by the underfill 112. Unlike solder bumps, the first
post ends 102 are formed to be coplanar with one another
resulting in improved connectivity with the next level of
integration. The combination of the improved joint strength
and the improved connectivity results in the superior reliabil-
ity of the integrated circuit packaging system 100 over the
solder bumped packaging systems.

[0065] Ithasalso been discovered that the present invention
provides the integrated circuit packaging system 100 with
increased interconnection density capabilities. The underfill
112 provides additional support enabling the first conductive
posts 202, the second conductive posts 204, the third conduc-
tive posts 206, and the fourth conductive posts 208 to be
thinner and closer together than solder bumps resulting in the
increased interconnection density capabilities.

[0066] Referring now to FIG. 3, therein is shown a top view
of an integrated circuit packaging system 300 in a second
embodiment of the present invention. The top view depicts an
encapsulation 302 having a rectangular shape and package
sides 304 formed around a periphery of the integrated circuit
packaging system 300. The encapsulation 302 can optionally
be omitted from the integrated circuit packaging system 300.
[0067] The encapsulation 302 can be formed form materi-
als that can include an epoxy, a ceramic, a plastic, a molding
compound, or any combination thereof. The encapsulation
302 can be used to protect the integrated circuit packaging
system 300 by providing structural support, and hermetically
sealing the contents of the integrated circuit packaging sys-
tem 300.

[0068] Referring now to FIG. 4, therein is shown a cross-
sectional view of FIG. 3 taken along a line 4-4 of FIG. 3. The
integrated circuit packaging system 300 can include the inte-
grated circuit packaging system 100, a base substrate 402,
chip interconnects 404, discrete components 406, the encap-
sulation 302, and system connectors 408.

[0069] Forpurposes ofillustration, the cross-sectional view
taken along the line 4-4 is shown intersecting the first con-
ductive posts 202 having the first post ends 102. The second
conductive posts 204 of FIG. 2, the third conductive posts 206
of FIG. 2, and the fourth conductive posts 208 of FIG. 3 are
not shown or included here.

[0070] The base substrate 402 can include a substrate, an
interposer, a circuit board, or a laminate having base conduc-
tors 410 on an inner base side 412, on an outer base side 414
opposite the inner base side 412, and within the base substrate
402. The base conductors 410 can be formed from a conduc-
tive material and provide connectivity between, on, and
within the inner base side 412 and the outer base side 414.

[0071] The integrated circuit packaging system 100 can be
mounted over and connected to the inner base side 412 using
the chip interconnects 404. The chip interconnects 404 attach
the first post ends 102 with the base conductors 410 and
provide electrical connectivity between the first post ends 102
and the base conductors 410 of the base substrate 402.

[0072] The chip interconnects 404 can be formed of solder
and include solder on pads, solder films, solder pastes, or any
combination thereof. The chip interconnects 404 are oriented
between the attachment side 210 and the inner base side 412.
[0073] The discrete components 406 can be mounted and
connected to the inner base side 412 adjacent the integrated
circuit packaging system 100. Any one of the discrete com-

Dec. 1, 2011

ponents 406 is defined to be either a transistor, a resistor, a
capacitor, a diode, or an inductor.

[0074] The encapsulation 302 can cover the integrated cir-
cuit packaging system 100, the discrete components 406, and
the inner base side 412 to provide additional protection. The
package sides 304 can be parallel to the non-horizontal sides
230 and the non-horizontal underfill sides 114 of the underfill
112. The encapsulation 302 can be omitted and the integrated
circuit packaging system 300 can be protected by an enclo-
sure (not shown) such as a cabinet, a room, a chamber, or
embedded in a package subsystem.

[0075] The system connectors 408 can be optionally
attached to the base conductors 410 on the outer base side
414. The system connectors 408 can include bond wires,
conductive balls, conductive bumps, conductive leads, or a
combination thereof.

[0076] The system connectors 408 can provide connectiv-
ity between the integrated circuit packaging system 300 and
the next level of integration. The system connectors 408 can
be omitted to enable other means of connectivity between the
next level of integration and the integrated circuit packaging
system 300.

[0077] It has been discovered that the present invention
provides the integrated circuit packaging system 300 with a
package profile height lower than a package profile height of
solder bumped packaging systems. The first post ends 102 of
the integrated circuit packaging system 100 can be attached to
the inner base side 412 of the base substrate 402 using a thin
solder film. A combination of the first post ends 102 coplanar
with the attachment side 210 and the thin solder film results in
the package profile height of the present invention to be lower
than the package profile height of the solder bumped packag-
ing systems.

[0078] Referring now to FIG. 5, therein is shown a top view
of a semiconductor wafer 502 used in manufacturing of the
integrated circuit packaging system 100 of FIG. 2. The top
view of the semiconductor water 502 is shown having a shape
ofanellipse. The semiconductor wafer 502 is defined as a thin
slice of semiconductor material used as a substrate from
which miniaturized electronic circuitry is built in and over a
semiconductor active side 504 of the semiconductor wafer
502.

[0079] Chip sites 506 are shown located on the semicon-
ductor wafer 502. The chip sites 506 are areas of the semi-
conductor wafer 502 having active circuitry along the semi-
conductor active side 504. Each of the chip sites 506 can be
used to form and build the miniaturized semiconductor cir-
cuitry of the integrated circuit chip 222 of FIG. 2. For illus-
trative purposes, the semiconductor wafer 502 is depicted
with sixteen of the chip sites 506. The semiconductor wafer
502 can have any number of the chip sites 506. The semicon-
ductor water 502 can have fifty-two of the chip sites 506, as an
example.

[0080] Referring now to FIG. 6, therein is shown a cross-
sectional view of FIG. 5 taken along a line 6-6 of FIG. 5. The
cross-sectional view shows a wafer non-active side 602 of the
semiconductor wafer 502 opposite the semiconductor active
side 504.

[0081] Each of the chip sites 506 include the chip pads 228
exposed from the semiconductor active side 504. The chip
pads 228 can provide connectivity to the miniaturized semi-
conductor circuitry within each of the chip sites 506.

[0082] The chip pads 228 can include a chip pad pitch 606
and a maximum wafer pad width 618. The chip pad pitch 606
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is defined as the distance between centers at adjacent loca-
tions of the chip pads 228 within each of the chip sites 506.
The chip pad pitch 606 of the chip pads 228 within each of the
chip sites 506 can be identical.

[0083] The maximum wafer pad width 618 is defined a
largest of all possible distances measurable from any first
peripheral edge of one of the chip pads 228 to a second
peripheral edge of the one of the chip pads 228 opposite the
first peripheral edge.

[0084] Referring now to FIG. 7, therein is shown a bottom
view of a wafer frame 702 used in manufacturing of the
integrated circuit packaging system 100 of FIG. 2. The wafer
frame 702 includes a horizontal cover 704 with a connection
side 706.

[0085] A perimeter area formed by the horizontal cover 704
can be less than a perimeter area formed by the semiconductor
wafer 502 of FIG. 5. The horizontal cover 704 is formed from
a material that can be removed using processes that can
include grinding, sanding, polishing, cutting, sawing, or any
combination thereof.

[0086] The material used to form the horizontal cover 704
can be a metal that includes copper, copper alloys, or any
combination thereof. The bottom view of the wafer frame 702
is shown having connect sites 708. The connect sites 708 are
areas on the connection side 706.

[0087] Referring now to FIG. 8, therein is shown a cross-
sectional view of FIG. 7 taken along a line 8-8 of FIG. 7. The
cross-sectional view depicts the wafer frame 702 having the
horizontal cover 704 with the connection side 706 and a
non-connection side 802 opposite the connection side 706.
[0088] For illustrative purposes, the protruding connectors
804 are shown perpendicular to the connection side 706. The
protruding connectors 804 can be oriented having any angle
relative to the connection side 706. The protruding connectors
804 can be oriented having an angle of ninety degrees with
respect to the connection side 706, as an example.

[0089] The protruding connectors 804 can be formed from
a material identical to the conductive metal of the first con-
ductive posts 202 of FIG. 2 and integral to the connection side
706. The protruding connectors 804 within each of the con-
nect sites 708 can have a connector pitch 806 less than three
hundred microns inclusive.

[0090] The connector pitch 806 is defined as the distance
between centers at adjacent locations of the protruding con-
nectors 804 within each of the connect sites 708. The connec-
tor pitch 806 of the protruding connectors 804 within each of
the connect sites 708 can be identical.

[0091] Attachment surfaces 808 can be formed on an end of
each of the protruding connectors 804 and can be facing away
from the connection side 706. The attachment surfaces 808
can be formed from a material similar to the material of the
protruding connectors 804 and parallel with the connection
side 706.

[0092] The attachment surfaces 808 can have a maximum
body width 810 less than one hundred fifty microns inclusive.
The maximum body width 810 is defined a largest of all
possible distances measurable from any peripheral edge of
one of the attachment surfaces 808 to an edge of the one of the
attachment surfaces 808 opposite the peripheral edge.
[0093] Referring now to FIG. 9, therein is shown a top view
of the structure of FIG. 7 on the structure of FIG. 5 in a
mounting phase. The top view depicts the wafer frame 702 of
FIG. 7 mounted over the semiconductor wafer 502 having the
semiconductor active side 504 exposed around a circumfer-

Dec. 1, 2011

ence of the wafer frame 702 during a mounting process. The
mounting process can include mechanized fixtures (not
show) that can include automated computer monitoring,
alignment, and positional equipment in a clean room environ-
ment.

[0094] Referring now to FIG. 10, therein is shown a cross-
sectional view of FIG. 9 taken along a line 10-10 of FIG. 9 in
an attaching phase. Each of the connect sites 708 of FIG. 7 on
the connection side 706 of the horizontal cover 704 are
aligned over the chip sites 506 of FIG. 5 on the semiconductor
active side 504 of the semiconductor wafer 502.

[0095] The chip pads 228 of the semiconductor wafer 502
are attached to the attachment surfaces 808 of the protruding
connectors 804 using a conductive bonding material during
an attaching process. The conductive bonding material can
include a eutectic reaction layer with thermo-compression,
ultra-sonic, thermo-sonic, thermo conductive applied energy.
[0096] Referring now to FIG. 11, therein is shown the struc-
ture of FIG. 10 in an underfill applying phase. The underfill
112 is applied between the horizontal cover 704 and the
semiconductor wafer 502 using a filling process that can
include a combination of dispensing equipment (not shown)
with contact heating, convective heating, or infrared heating.
[0097] The underfill 112 surrounds the protruding connec-
tors 804, surrounds the chip pads 228, and covers the connec-
tion side 706 and the semiconductor active side 504. A ring
shaped area 1102 around the underfill 112 can expose the
semiconductor active side 504 between the underfill 112 and
a perimeter outline of the semiconductor wafer 502.

[0098] It has been discovered that the present invention
provides the integrated circuit packaging system 100 with
improved reliability. The underfill 112 is applied during wafer
processing phases of manufacturing which involves a highly
specialized facility than includes cleanrooms, filtered lami-
nated air flow, controlled temperature and humidity, and spe-
cialized equipment operating with extreme precision from the
front end of the line (FEOL) through the back end of the line
(BEOL). The underfill 112 having a uniform distribution
covers the connection side 706, the semiconductor active side
504, the chip pads 228, the protruding connectors 804, and
attachment areas between the attachment surfaces 808 and
the protruding connectors 804. The uniform distribution is
defined a material having the same densities, composition,
and characteristics throughout the material. The uniform dis-
tribution of the underfill 112 provides results in improved
reliability of the structure and circuitry of the integrated cir-
cuit packaging system 100.

[0099] Referring now to FIG. 12, therein is shown the struc-
ture of FIG. 11 in a planarizing phase. The horizontal cover
704 of FIG. 11 is removed from above the chip sites 506 to
expose the end of each of the protruding connectors 804 of
FIG. 11 opposite the end with the attachment surfaces 808
using a planarization process.

[0100] The planarization process can include grinding,
sanding, polishing, cutting, sawing, or any combination
thereof of the horizontal cover 704 to expose the protruding
connectors 804 and the underfill 112. The planarization of the
protruding connectors 804 results in formation of the first
conductive posts 202 with the first post ends 102. The first
post ends 102 are exposed from the underfill 112 and parallel
to the semiconductor wafer 502. The first post ends 102 are
formed having the planarization marks.

[0101] Referring now to FIG. 13, therein is shown the struc-
ture of FIG. 12 in a singulation phase. Non-horizontal planar
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cuts through the semiconductor wafer 502 and the underfill
112 are used to separate the chip sites 506 of F1G. 12 from one
another and the ring shaped area 1102 during a singulation
process. The singulation process includes cutting, sawing,
grinding, or any combination thereof.

[0102] Each ofthe chip sites 506 isolated from the structure
of FIG. 12 results in the formation of the integrated circuit
packaging system 1302. The integrated circuit packaging
system 1302 is similar to the integrated circuit packaging
system 100 of FIG. 2 except the integrated circuit packaging
system 1302 has only the first conductive posts 202 with the
first post ends 102 and includes the integrated circuit chip
222, the underfill 112, and the chip pads 228. The non-hori-
zontal underfill sides 114, the non-horizontal sides 230, and
the attachment side 210 are formed during the singulation
process.

[0103] Referring now to FIG. 14, therein is shown a bottom
view of a wafer frame used in manufacturing of the integrated
circuit packaging system 100 of FIG. 2 in a third embodiment
of the present invention. The wafer frame 1402 includes a
horizontal cover 1404 with a connection side 1406.

[0104] A perimeter areca formed by the horizontal cover
1404 can be less than a perimeter area formed by the semi-
conductor wafer 502 of FIG. 5. The protect layer 214 of FIG.
2 can optionally be used to separate and isolate the horizontal
cover 1404 from the second conductive posts 204 of FIG. 2,
from the third conductive posts 206 of FIG. 2, and from the
fourth conductive posts 208 of FIG. 2.

[0105] The horizontal cover 1404 formed from a material
having a greater chemical etchant solubility than chemical
etchant solubilities of the second conductive posts 204, the
third conductive posts 206, and the fourth conductive posts
208 can omit the application of the protect layer 214. The
chemical etchant solubility is defined as the ability of an
element to dissolve in the chemical etchant to form a homo-
geneous solution.

[0106] The bottom view of the wafer frame 1402 is shown
having connect sites 1408. The connect sites 1408 are areas
on the connection side 1406 used to identify specific portions
of the horizontal cover 1404 within, above, and below the
areas on the connection side 1406.

[0107] Referring now to FIG. 15, therein is shown a cross-
sectional view of FIG. 14 taken along a line 15-15 of F1G. 14.
For purposes of illustration, the cross-sectional view taken
along the line 15-15 is shown intersecting the first conductive
posts 202 having the first post ends 102. The second conduc-
tive posts 204 of FIG. 2, the third conductive posts 206 of F1G.
2, and the fourth conductive posts 208 of FIG. 3 are not
shown. The cross-sectional view depicts the wafer frame
1402 having the horizontal cover 1404 with the connection
side 1406 and a side 1502 opposite the connection side 1406.
[0108] Each of the connect sites 1408 can include protrud-
ing connectors 1504 projecting perpendicularly from the con-
nection side 1406. The protruding connectors 1504 can
formed from a material identical to the material of the second
conductive posts 204, the third conductive posts 206, and the
fourth conductive posts 208 and integral to the connection
side 1406 of the horizontal cover 1404.

[0109] The protruding connectors 1504 within each of the
connect sites 1408 can have a connector pitch 1506 less than
three hundred microns inclusive. The connector pitch 1506 is
defined as the distance between centers at adjacent locations
of' the protruding connectors 1504 within each of the connect
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sites 1408. The connector pitch 1506 of the protruding con-
nectors 1504 within each of the connect sites 1408 can be
identical.

[0110] Attachment surfaces 1508 can be formed on an end
of each of the protruding connectors 1504 opposite an end of
the protruding connectors 1504 integral to the connection
side 1406. The attachment surfaces 1508 of the second post
ends 104, the third post ends 106, and the fourth post ends 108
can be formed from a material similar to the material of the
protruding connectors 1504 and parallel with the connection
side 1406.

[0111] The protect layer 214 of FIG. 2 can cover the ends of
the protruding connectors 1504 integral to the connection
side 1406 and is between the protruding connectors 1504 and
the connection side 1406 of the horizontal cover 1404. In this
embodiment, the protect layer 214 (not shown) is within the
horizontal cover. The protect layer 214 can be formed on or in
the horizontal cover 1404.

[0112] For example, the protect layer 214 could optionally
be omitted if the material of the protruding connectors 1504 is
a chemical insoluble material. The chemical insoluble mate-
rial is defined as a material capable being exposed to the
chemical etchant without any loss or change to the material.
[0113] The protect layer 214 can be formed on or in the
connection side 1406 of the horizontal cover 1404. The con-
nection side 1406 can be formed having indentations molded
to shapes of the second post ends 104 and the third post ends
106. The indentations in the connection side 1406 can be
covered with the protect layer 214 and used to form the
second conductive posts 204 and the third conductive posts
206, respectively. The connection side 1406 can also pro-
truded portions molded to a shape of the recess 218 of FIG. 2
and covered with the protect layer 214 to form the fourth
conductive posts 208.

[0114] In a further example, the protect layer 214 can be
formed on the protruding connectors 1504. The protruding
connectors 1504 can be formed having an end shaped iden-
tically to the second post ends 104, the third post ends 106,
and the fourth post ends 108. The end shaped identically to the
second post ends 104, the third post ends 106, and the fourth
post ends 108 can be covered with the protect layer 214,
joined to the connection side 1406 of the horizontal cover
1040 with the attachment surfaces 1508 coplanar and facing
away from the connection side 1406. The protruding connec-
tors 1504 can be used to form the second conductive posts
204, the third conductive posts 206, and the fourth conductive
posts 208, respectively.

[0115] Inyeta further example, the protectlayer 214 can be
formed as a part of the protruding connectors 1504. The
protruding connectors 1504 can be formed having multiple
layers of different material that can include a material iden-
tical to the material of the protect layer 214. The material
layered on the protruding connectors 1504 can be formed to
be identical to the second post ends 104, the third post ends
106, and the fourth post ends 108 and used to form the second
conductive posts 204, the third conductive posts 206, and the
fourth conductive posts 208 from the protruding connectors
1504, respectively.

[0116] The dimensions of each of the protruding connec-
tors 1504 used to form the second conductive posts 204 of
FIG. 2, the third conductive posts 206 of F1G. 2, and the fourth
conductive posts 208 of FIG. 2 are identical to the second
conductive posts 204, the third conductive posts 206, and the
fourth conductive posts 208 respectively.
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[0117] The dimensions of each of the protruding connec-
tors 1504 having the protect layer 214 of FIG. 2 can be
identical to dimensions of the second conductive posts 204 of
FIG. 2, the third conductive posts 206 of FIG. 2, or the fourth
conductive posts 208 of FIG. 2 with the protect layer 214.
Portions of the connection side 1406 integral to the second
postends 104 of FIG. 2, the third post ends 106 of FIG. 2, and
the fourth post ends 108 of FIG. 2 can extend away from or
retract in the connection side 1406, thus enabling ends of all
of the protruding connectors 1504 to be coplanar.

[0118] The attachment surfaces 1508 can have a maximum
body width 1510 one hundred fifty microns inclusive. The
maximum body width 1510 is defined a largest of all possible
distances measurable from any peripheral edge of one of the
attachment surfaces 1508 to an edge of the one of the attach-
ment surfaces 1508 opposite the peripheral edge.

[0119] Referring now to FIG. 16, therein is shown a top
view of the structure of FIG. 14 on the structure of FIG. 5 in
amounting phase. The top view depicts the wafer frame 1402
of FIG. 14 mounted over the semiconductor wafer 502 having
the semiconductor active side 504 exposed around a circum-
ference of the wafer frame 1402 during a mounting process.
The mounting process can include mechanized fixtures (not
show) that can include automated computer monitoring,
alignment, and positional equipment in a clean room environ-
ment.

[0120] Referring now to FIG. 17, therein is shown a cross-
sectional view of FIG. 16 taken along a line 17-17 of FIG. 16
in an attaching phase. Each of the connect sites 1408 of FIG.
14 on the connection side 1406 of the horizontal cover 1404
are aligned over the chip sites 506 of FIG. 5 on the semicon-
ductor active side 504 of the semiconductor wafer 502.
[0121] The chip pads 228 of the semiconductor wafer 502
are attached to the attachment surfaces 1508 of the protruding
connectors 1504 using a conductive bonding material during
an attaching process. The conductive bonding material can
include a eutectic reaction layer with thermo-compression,
ultra-sonic, thermo-sonic, thermo conductive applied energy.
[0122] Referring now to FIG. 18, therein is shown the struc-
ture of FIG. 17 in an underfill applying phase. The underfill
112 is applied between the horizontal cover 1404 and the
semiconductor wafer 502 using a filling process that can
include a combination of dispensing equipment (not shown)
with contact heating, convective heating, or infrared heating.
[0123] The underfill 112 surrounds the protruding connec-
tors 1504, surrounds the chip pads 228, and covers the con-
nection side 1406 and an area of the semiconductor active
side 504 facing the connection side 1406. A ring shaped area
1802 around the underfill 112 can expose the semiconductor
active side 504 between the underfill 112 and a perimeter
outline of the semiconductor wafer 502.

[0124] Referring now to FIG. 19, therein is shown the struc-
ture of FIG. 18 in an etching phase. The horizontal cover 1404
of FIG. 18 is removed from above the chip sites 506 to expose
the end of each of the protruding connectors 1504 of FIG. 18
opposite the end with the attachment surfaces 1508 using an
etching process.

[0125] The etching process can form the first post ends 102,
the second post ends 104 of FIG. 2, the third post ends 106 of
FIG. 2, and the fourth post ends 108 of FIG. 2 from the
protruding connectors 804. Only the first post ends 102 are
depicted in the figure. The first post ends 102, the second post
ends 104, the third post ends 106, and the fourth post ends 108
are exposed from the underfill 112.

[0126] The first post ends 102 are parallel to the semicon-
ductor water 502. The first post ends 102, the second post
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ends 104, the third post ends 106, and the fourth post ends 108
are formed having the etch marks.
[0127] Referring now to FIG. 20, therein is shown the struc-
ture of FIG. 19 in a singulation phase. Non-horizontal planar
cuts through the semiconductor water 502 and the underfill
112 are used to separate the chip sites 506 of F1G. 19 from one
another and the ring shaped area 1802 during a singulation
process. The singulation process includes cutting, sawing,
grinding, or any combination thereof.
[0128] Each ofthe chip sites 506 isolated from the structure
of FIG. 19 results in the formation of an integrated circuit
package 2002. The integrated circuit package 2002 can be
identical to the integrated circuit packaging system 100 of
FIG. 2 and include the integrated circuit chip 222, the first
conductive posts 202, the second conductive posts 204 of
FIG. 2, the third conductive posts 206 of F1G. 2, and the fourth
conductive posts 208. The underfill 112, and the chip pads
228. The non-horizontal underfill sides 114, the non-horizon-
tal sides 230, and the attachment side 210 are formed during
the singulation process.
[0129] Referring now to FIG. 21, therein is shown is a flow
chart of a method 2100 of manufacture of the integrated
circuit packaging system 100 in a further embodiment of the
present invention. The method 2100 includes: providing a
semiconductor wafer having a chip pad in a block 2102;
attaching a wafer frame to the semiconductor wafer, the wafer
frame having a horizontal cover integral to a protruding con-
nector with the protruding connector on the chip pad in a
block 2104; forming an underfill around the protruding con-
nector and between the horizontal cover and the semiconduc-
tor wafer in a block 2106; removing the horizontal cover
exposing the underfill and the protruding connector in a block
2108; and singulating an integrated circuit package from the
semiconductor wafer in a block 2110.
[0130] The resulting method, process, apparatus, device,
product, and/or system is straightforward, cost-effective,
uncomplicated, highly versatile and effective, can be surpris-
ingly and unobviously implemented by adapting known tech-
nologies, and are thus readily suited for efficiently and eco-
nomically manufacturing package in package systems/fully
compatible with conventional manufacturing methods or pro-
cesses and technologies.
[0131] Another important aspect of the present invention is
that it valuably supports and services the historical trend of
reducing costs, simplifying systems, and increasing perfor-
mance.
[0132] These and other valuable aspects of the present
invention consequently further the state of the technology to
at least the next level.
[0133] While the invention has been described in conjunc-
tion with a specific best mode, it is to be understood that many
alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description.
Accordingly, it is intended to embrace all such alternatives,
modifications, and variations that fall within the scope of the
included claims. All matters hithertofore set forth herein or
shown in the accompanying drawings are to be interpreted in
an illustrative and non-limiting sense.
What is claimed is:
1. A method of manufacture of an integrated circuit pack-
aging system comprising:
providing a semiconductor wafer having a chip pad;
attaching a wafer frame to the semiconductor wafer, the
wafer frame having a horizontal cover integral to a pro-
truding connector with the protruding connector on the
chip pad;
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forming an underfill around the protruding connector and
between the horizontal cover and the semiconductor
wafer;

removing the horizontal cover exposing the underfill and

the protruding connector; and

singulating an integrated circuit package from the semi-

conductor wafer.

2. The method as claimed in claim 1 wherein removing the
horizontal cover includes planarizing the horizontal cover to
expose the protruding connector having planarization marks.

3. The method as claimed in claim 1 wherein removing the
horizontal cover includes etching the horizontal cover to
expose the protruding connector having etch marks.

4. The method as claimed in claim 1 wherein attaching the
wafer frame having the horizontal cover integral to the pro-
truding connector includes attaching the wafer frame having
a protect layer between the horizontal cover and the protrud-
ing connector.

5. The method as claimed in claim 1 wherein:

attaching the wafer frame having the horizontal cover inte-

gral to the protruding connector includes attaching the
wafer frame having a protect layer between the horizon-
tal cover and the protruding connector; and

removing the horizontal cover includes exposing the pro-

tect layer.

6. A method of manufacture of an integrated circuit pack-
aging system comprising:

providing a semiconductor wafer having a chip pad;

attaching a wafer frame to the semiconductor wafer, the

wafer frame having a horizontal cover integral to a pro-
truding connector with the protruding connector on the
chip pad;

applying an underfill around the protruding connector,

around the chip pad, and between the horizontal cover
and the semiconductor wafer;

removing the horizontal cover exposing the underfill and

the protruding connector; and

singulating an integrated circuit package from the semi-

conductor wafer.

7. The method as claimed in claim 6 wherein:

attaching the wafer frame having the horizontal cover inte-

gral to the protruding connector includes attaching the
wafer frame having a protect layer between the horizon-
tal cover and the protruding connector, the protect layer
partially within the horizontal cover; and

removing the horizontal cover exposing the protruding

connector.

8. The method as claimed in claim 6 wherein removing the
horizontal cover includes planarizing the horizontal cover to
expose the underfill having planarization marks.
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9. The method as claimed in claim 6 wherein removing the
horizontal cover exposing the underfill includes planarizing
the horizontal cover to expose the underfill and the protruding
connector having planarization marks.

10. The method as claimed in claim 6 wherein removing
the horizontal cover includes removing the horizontal cover
exposing the underfill coplanar with the protruding connec-
tor.

11. An integrated circuit packaging system comprising:

an integrated circuit chip having a chip pad;

a conductive post on the chip pad; and

an underfill around the conductive post, the conductive

post exposed from the underfill, and a non-horizontal
underfill side of the underfill planar with a non-horizon-
tal side of the integrated circuit chip.

12. The system as claimed in claim 11 wherein the con-
ductive post includes the conductive post having a post end
with planarization marks exposed from the underfill.

13. The system as claimed in claim 11 wherein the con-
ductive post includes the conductive post having a post end
with etch marks exposed from the underfill.

14. The system as claimed in claim 11 wherein:

the conductive post includes a post end; and

the underfill includes an attachment side planar with the

post end, the post end and the attachment side exposed
having planarization marks.

15. The system as claimed in claim 11 wherein the underfill
around the conductive post includes the conductive post hav-
ing a protect layer exposed from the underfill.

16. The system as claimed in claim 11 wherein the underfill
includes the underfill around the chip pad.

17. The system as claimed in claim 16 wherein:

the underfill includes an attachment side; and
further comprising:

a protect layer on the conductive post exposed above the

attachment side.

18. The system as claimed in claim 16 wherein:

the underfill includes an attachment side; and

the conductive post includes a post end exposed below the

attachment side.

19. The system as claimed in claim 16 wherein:

the underfill includes an attachment side;

the conductive post includes a post end of the conductive

post exposed from the attachment side; and
further comprising:

a substrate attached to the post end.

20. The system as claimed in claim 16 wherein the underfill
includes an attachment side of the underfill having etch
marks.



