
;vwe3ed&a\46T&?G,INTEGRATED CIRCUIT PACKAGE AND MANUFACTURING METHOD
THEREFORE  BACKGROUND TECHNICAL FIELD The present invention relates
generally to the fabrication of semiconductor integrated circuits, and more
specifically to ball grid array packages and chip scale packages.
BACKGROUND ART In the electronics industry, the continuing goal has been to
reduce the size of electronic devices such as camcorders and portable
telephones while increasing performance and speed. In the past, integrated
circuits were packaged in lead-frame packages, but the packaging technology
has been moving towards ball grid array (BGA) packages and chip scale (CSP)
packages as higher performance packages are required. Lead-frame packages
generally have small metal strips or leads, which extend from the
undersides of the packages and which are soldered to the printed circuit
boards used in the various products. They have been used for a long period
of time in integrated circuit packaging history mainly because of their low
manufacturing cost and high reliability. However, as integrated circuits
products move toward being both faster and smaller in size, the traditional
lead frame packages have become gradually obsolete for many small, high
performance-required packages. BGA packages are widely used for integrated
circuit chips that have higher numbers of input and output connections, and
which need better electrical and thermal performance than lead-frame
packages. Balls of solder are formed on the undersides of the packages and
are melted to connect the packages to the printed circuit boards. These
packages are generally used in high performance central processing unit
(CPU) and video-graphic chips. The CSP packages are generally used for
integrated circuits having 100 or more input/output pins and a large
integrated circuit size. Generally, packages that are smaller than 120% of
the size of the integrated circuit are typically referred to as CSP
packages. The CSP packages have been widely used in mobile products where
the footprint (the size of the 1   package on a substrate), package
profile, and package weight are of major concern. CSP packages can also be
BGA packages as well as other small packages such as land grid array (LGA)
packages with a single grid array on the bottoms, and small outline
non-leaded (SON) packages with multiple grid arrays on the bottom. A BGA or
CSP package generally consists of a substrate having openings for the ball
grid array or connections. The substrate is generally of a polyImide. On
the substrate are a plurality of electrical traces including ground traces
and power traces. On the substrate over the conductive traces, which are
generally of copper, there is an epoxy, which bonds an integrated circuit
die to the substrate. A single metal layer BGA or a CSP package does not
have a separate ground plane or closed loop ground. Where a netlist (the
list of the required connections) requires a connection between opposite
sides of an integrated circuit to power, the power connection is made
directly across the substrate using the single metal layer by patterning
and etching the metal to the desired cross-connect configuration. Since the
ground must be insulated from the power, geometric constraints prevent the
use of the single metal layer for a ground crossconnect between opposites
sides of an integrated circuit; e.g., the cross-connects cannot intersect.
A second metal layer entails additional cost and complexity because of the
additional processing and layers required of insulation, metal, and epoxy.
In addition, the second metal layer would result in a substantially
increased height for the package. Solutions to these problems have been
long sought, but have long eluded those skilled in the art. SUMMARY OF THE
INVENTION The present invention provides an integrated circuit package, and
manufacturing method therefor. A substrate is provided having solder
openings therein and a conductive layer thereon. The conductive layer is
processed to form a plurality of pads over the solder openings in the
substrate. A mask is formed over the plurality of pads and openings formed
in the mask over at least two pads of the plurality of pads. An integrated
circuit die is bonded over the substrate using a conductive adhesive where
the conductive adhesive is placed in the openings in conductive contact
with at least two pads of the plurality of pads. This package 2   and
method allows for simplified manufacturing, great flexibility in
interconnection routing, and increased electrical performance. 



Certain embodiments of the invention have other advantages in addition to
or in place of those mentioned above. The advantages 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 FIG. 1 is a cross-sectional view of an example
of an integrated circuit package in accordance with the present invention;
FIG. 2 is a plan view of a package substrate in an intermediate stage of
manufacture in accordance with the present invention; FIG. 3 is the
structure of FIG. 2 after deposition and patterning of a soldermask; FIG. 4
is the structure of FIG. 3 after the deposition of a conductive die attach
adhesive on the soldermask; FIG. 5 is the structure of FIG. 4 with an
integrated circuit die bonded to the soldermask; FIG. 6 is a
cross-sectional view of another example of an integrated circuit package in
accordance with the present invention; FIG. 7 is a plan view of a package
substrate in an intermediate stage of manufacture in accordance with the
present invention; FIG. 8 is the structure of FIG. 7 after deposition and
patterning of a soldermask; FIG. 9 is the structure of FIG. 8 after
deposition of a conductive die attach adhesive on the soldermask; FIG. 10
is the structure of FIG. 9 having a ground plane bonded to the soldermask;
FIG. 11 is the structure of FIG. 10 after deposition of additional
conductive die attach adhesive on the ground plane; FIG. 12 is the
structure of FIG. 11 with an integrated circuit die bonded to the ground
plane; and 3   FIG. 13 is a flowchart of a method for manufacturing an
integrated circuit package in accordance with the present invention.
DETAILED DESCRIPTION OF THE INVENTION 



Referring now to FIG. 1, therein is shown a cross-sectional view of an
example of an integrated circuit package in accordance with the present
invention. Although the integrated circuit package can be of any type,
including a BGA package or a CSP package, the example shown is a ball grid
array (BGA) package 100. The BGA package 100 has a substrate 102 having a
metal layer 104. The metal layer 104 may be bonded to or integrally
deposited on the substrate 102. The metal layer 104 is patterned and
processed to form a plurality of pads. Leads (not shown) are used to
connect the plurality of pads to an integrated circuit die 110. For
purposes of the present invention, the term "horizontal" as used in herein
is defined as a plane parallel to the conventional plane or surface of a
substrate, regardless of its orientation. The term "vertical" refers to a
direction perpendicular to the horizontal as just defined. Terms, such as
"on", "above", "below", "beside", "higher", "lower", "over", and "under",
are defined with respect to the horizontal plane. 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. A soldermask 106,
such as a thermal soldermaask, is disposed around and over the metal layer
l04 to isolate and insulate several of the plurality of pads. A conductive
die attach adhesive 108 is deposited over the soldermask 106 and is used to
secure the integrated circuit die 110 to the soldermask 106. The substrate
102 has solder openings 112, 114, 116, and 118 which expose plurality of
pads of the metal layer 104 in the underside to allow solder 113, 115, 117,
and 119, shown in dotted outline, to be used to electrically connect the
integrated circuit die 110 to a printed circuit board (not shown). The
plurality of pads includes ground pads 122 and 124, which are connected to
the integrated circuit die 110, as well as other pads 126 and 128, which
are input/output (I/O) pads for the integrated circuit die 110 and a power
cross-connect 120. 4   Referring now to FIG. 2, therein is shown a plan
view of a package substrate in an intermediate stage of manufacture in
accordance with the present invention in which the substrate 102 for the
BGA package 100 is in an intermediate stage of manufacture. The substrate
102 has been processed to form the plurality of pads 131 in the metal layer
104, as described above, and further including ground pads 130 and 132 as
well as power pads 134 and 136. The power cross-connect 120 extending
diagonally across the substrate 102 from one side to another connects the
power pads 134 and l36. As can be seen, the power crossconnect 120 prevents
the placement of a ground cross-connect in the metal layer l04 to connect
the ground pads 122, 124, 130, and 132 because such a cross-connect would
intersect the power cross-connect 120. Referring now to FIG. 3, therein is
shown the structure of FIG. 2 after deposition and patterning of the
soldermask 106. The soldermask 106 has been processed to form openings 140,
142, 144, and 146 respectively over the ground pads 122, 132, 124, and 130.
Referring now to FIG. 4, therein is shown the structure of FIG. 3 after
deposition of the conductive die attach adhesive 108 on the soldermask 106.
An adhesive dispensing machine (not shown) in the assembly process provides
the criss-cross pattern of the conductive die attach adhesive l08. The
openings 140, 142, 144, or 146 may or may not be filled with the conductive
die attach adhesive 108 at this point. Referring now to FIG. 5, therein is
shown the structure of FIG. 4 having the integrated circuit die 110 bonded
by the conductive die attach adhesive 108 to the soldermask 106. At this
point, the openings 140, 142, 144, and 146 will be filled with the
conductive die attach adhesive 108 due to flow caused by bonding pressure
used for bonding the integrated circuit die 110 and the soldermask 106. 



By reference to the cross-section indicated by the line 1--1 (which is
shown in FIG. 1 ), it may be seen that the ground pads 122 and 124 (and,
although not shown, the ground pads 130 and 132) are conductivwly connected
by the conductive die attach adhesive 108. The soldermask 106 insulates the
power cross-connect 120 from the conductive die attach adhesive 108, which
acts both as a ground cross-connect as well as a ground plane. With the
above invention it has been discovered that cross-connections can be made
above the metal layer cross-connections without the need for a second metal
layer. This s   means the additional processing and layers of insulation,
metal, and adhesive are required and there is no increase in the height for
the BGA package l00. Referring now to FIG. 6, therein is shown a
cross-sectional view of another example of an integrated circuit package in
accordance with the present invention. Again, although the integrated
circuit package can be of any type, including a BGA package or a CSP
package, the example shown is a ball grid array (BGA) package 200. The BGA
package 200 has a substrate 202 having a metal layer 204. The metal layer
204 is patterned and processed to form a plurality of pads. Leads (not
shown) are used to connect the plurality of pads to an integrated circuit
die 210. A soldermask 206 is disposed around and over the metal layer 204
to isolate and insulate several of the plurality of pads 23l . A first
conductive die attach adhesive 207 is deposited over the soldermask 206 and
is used to secure a separate ground plane 209 to the soldermask 206. A
second conductive die attach adhesive 208 is deposited over the separate
ground plane 209 and is used to secure the integrated circuit die 210 to
the separate ground plane. The substrate 202 has solder openings 212, 214,
216, and 218 which expose the metal layer 204 to allow solder 213, 215,
217, and 219, shown in dotted outline, to be used to electrically connect
the integrated circuit die 210 to a printed circuit board (not shown). The
plurality of pads includes ground pads 222 and 224, which are connected to
the integrated circuit die 210, as well as other pads 226 and 228, which
are input/output (1/O) pads for the integrated circuit die 210 and a power
cross-connect 220. Referring now to FIG. 7, therein is shown a plan view of
a package substrate in an intermediate stage of manufacture in accordance
with the present invention in which the substrate 102 for the BGA package
100 is in an intermediate stage of manufacture. The substrate 202 has been
processed to form the plurality of pads 231 in the metal layer 204, as
described above, and further including ground pads 230 and 232 as well as
power pads 234 and 236. The power cross-connect 220 extending diagonally
across the substrate 202 from one side to another connects the power pads
234 and 236. As can be seen, the power cross connect 220 prevents the
placement of a ground cross-connect in the metal layer 204 to 6 



connect the ground pads 222, 224, 230, and 232 because such a cross-connect
would intersect the power cross-connect 220. Referring now to FIG. 8,
therein is shown the structure of FIG. 7 after deposition and patterning of
a soldermask 206. The soldermask 206 has been processed to form openings
240, 242, 244, and 246 respectively over the ground pads 222, 232, 224, and
230. Referring now to FIG. 9, therein is shown the structure of FIG. 8
after deposition of the conductive die attach adhesive 208 on the
soldermask 206. An adhesive dispensing machine (not shown) in the assembly
process provides the criss-cross pattern of the conductive die attach
adhesive 208. The openings 240, 242, 244, or 246 may or may not be filled
with conductive die attach adhesive 208 at this point. Referring now to
FIG. 10, therein is shown the structure of FIG. 9 having the ground plane
209 bonded thereto. The openings 240, 242, 244, and 246 will be filled with
the conductive die attach adhesive 207 at this point due to flow caused by
the application of pressure for bonding the ground plane 209 and the
soldermask 206. The ground plane 209 is attached for high frequency
applications where the conductive die attach adhesive 208 is insufficient
to act as a ground plane. The ground plane 209 is a conductive material
such as copper in the form of a foil. Referring now to FIG. 11, therein is
shown the structure of FIG. 10 after the deposition of a conductive die
attach adhesive 208 on the ground plane 209. An adhesive dispensing machine
(not shown) in the assembly process provides a criss-cross pattern of the
conductive die attached adhesive 208. Referring now to FIG. 12, therein is
shown the structure of FIG. 11 having the integrated circuit die 210 bonded
by the conductive die attach adhesive 208 to the ground plane 209. By
reference to the cross-section indicated by the line 6--6 (which is shown
in FIG. 6), it may be seen that the ground pads 222 and 224 (and, although
not shown, the ground pads 230 and 232) are conductively connected by the
conductive die attach adhesive 207 and the ground plane 209. The soldermask
206 insulates the power cross-connect 220 from the conductive die attach
adhesive 207 and the ground plane 209. With the above invention it has been
discovered that cross-connections can be made above the metal layer
cross-connections without the need for a second metal layer, which 7
would require deposition and processing of an insulator over the power
cross-connect, and deposition and processing of the second metal layer.
This means the additional processing and layers of insulation, metal, and
adhesive are not required and there is minimal increase in the height for
the BGA package 200. As will be understood by those skilled in the art, the
above invention can also be used for other packages where it is desirable
to eliminate or replace one or more metal layers in the integrated circuit
package. Referring now to FIG. 13, therein is shown a flowchart of a method
300 in accordance with the present invention. The method 300 includes a
first step 302 of providing a substrate having solder openings provided
therein and a conductive layer thereon; a step 304 for processing the
conductive layer to form a plurality of pads over the solder openings in
the substrate; a step 306 of depositing a mask over the plurality of pads;
a step 308 for forming openings in the mask over at least two pads of the
plurality of pads; a step 3l0 of bonding an integrated circuit die over the
substrate using a conductive adhesive; and a step 312 of placing the
conductive adhesive in the openings in conductive contact with the at least
two pads of the plurality of pads. In the present invention, the substrates
102 and 202 will be a polyimide film. The metal layers 104 and 204 will be
of copper and the ground plane 209 will be a copper foil. The soldermasks
106 and 206 will be of one of the many commercially available solder resist
materials, and the conductive die attach adhesives 108, 207, and 208 will
be of a conductive epoxy. The integrated circuit die 110 and 210 will be
connected by conventional means to the plurality of pads 131 and 231. While
the invention has been described in conjunction 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 which fall within the spirit
and scope of the included claims. All matters set forth herein or shown in
the accompanying drawings are to be interpreted in an illustrative and
non-limiting sense. 8   THE INVENTION CLAIMED IS: 1. A method for
manufacturing an integrated circuit comprising: providing a substrate
having solder openings provided therein and a conductive layer thereon;
processing the conductive layer to form a plurality of pads over the solder
openings in the substrate; depositing a mask over the plurality of pads;
forming openings in the mask over at least two pads of the plurality of
pads; bonding an integrated circuit die over the substrate using a
conductive adhesive; and placing the conductive adhesive in the openings in
conductive contact with the at least two pads of the plurality of pads. 2.
The method as claimed in claim 1 wherein processing the conductive layer 



uses a metal layer bonded to or integrally deposited on the substrate. 3.
The method as claimed in claim 1 wherein placing the conductive adhesive in
the openings in the mask includes flowing the conductive adhesive under
bonding pressure between the substrate and the integrated circuit die. 4.
The method as claimed in claim 1 additionally comprising: bonding a
conductive plane over the substrate and under the integrated circuit die,
the bonding using the conductive adhesive and providing conductive contact
between the conductive adhesive and the conductive plane. 5. The method as
claimed in claim 1 additionally comprising: bonding a conductive plane over
the substrate, the bonding using the conductive adhesive and providing
conductive contact between the conductive adhesive and the conductive
plane; and bonding the integrated circuit die to the conductive plane. 6. A
method for manufacturing an integrated circuit comprising: providing a
substrate having solder openings provided therein and a metal layer
thereon; processing the metal layer to form a plurality of pads over the
solder openings in the substrate; depositing a soldermask over the
plurality of pads; 9   forming openings in the soldermask over at least two
pads of the plurality of pads; bonding an integrated circuit die over the
substrate using a conductive die attach adhesive; and placing the
conductive die attach adhesive in the openings in the soldermask and in
conductive contact with the at least two pads of the plurality of pads. 7.
The method as claimed in claim 6 wherein processing the metal layer uses a
metal layer bonded to or integrally deposited on the substrate. 8. The
method as claimed in claim 6 wherein placing the conductive die attach
adhesive in the openings in the soldermask includes flowing the conductive
die attach adhesive under bonding pressure between a ground plane and the
substrate. 9. The method as claimed in claim 6 wherein: processing the
metal layer forms a power cross-connect connecting two power pads of 



the plurality of pads; and additionally comprising: bonding a ground plane
over the substrate and under the integrated circuit die, the ground plane,
the bonding using the conductive die attach adhesive and providing
conductive contact between the conductive die attach adhesive and the
ground plane. 10. The method as claimed in claim 6 wherein: processing the
metal layer forms a power cross-connect connecting two power pads of the
plurality of pads; and additionally comprising: bonding a ground plane over
the substrate, the bonding using the conductive die attach adhesive and
providing conductive contact between the conductive die attach adhesive and
the ground plane; and bonding the integrated circuit die to the ground
plane. 11. An integrated circuit comprising: a substrate having solder
openings provided therein; a conductive layer on the substrate forming a
plurality of pads over the solder openings in the substrate; a mask over
the plurality of pads, the mask having openings provided therein over at
least two pads of the plurality of pads; to   an integrated circuit die
over the substrate; and a conductive adhesive in the openings in conductive
contact with the at least two pads of the plurality of pads, the conductive
adhesive bonding the integrated circuit die over the substrate. 12. The
integrated circuit as claimed in claim 11 wherein the conductive layer is a
metal layer bonded to or integrally deposited on the substrate. 13. The
integrated circuit as claimed in claim 11 additionally comprising: a
cross-connect in the conductive layer connecting at least two further pads
of the plurality of pads; and wherein: 



the mask insulates the cross-connect from the conductive adhesive. 14. The
integrated circuit as claimed in claim 11 additionally comprising: a
conductive plane over the substrate and under the integrated circuit die,
the conductive plane bonded to the substrate by the conductive adhesive and
in conductive contact with a pad of the plurality of pads. 15. The
integrated circuit as claimed in claim 11 additionally comprising: a
conductive plane over the substrate and bonded to the substrate by the
conductive adhesive and in conductive contact by the conductive adhesive
with a pad of the plurality of pads; and additional conductive adhesive
bonding the integrated circuit die to the conductive plane. 16. An
integrated circuit comprising: a substrate having solder openings provided
therein; a metal layer on the substrate forming a plurality of pads over
the solder openings in the substrate; a soldermask over the plurality of
pads, the soldermask having openings provided therein over at least two
pads of the plurality of pads; an integrated circuit die over the
substrate; and a conductive die attach adhesive in the openings in
conductive contact with the at least two pads of the plurality of pads, the
conductive die attach adhesive bonding the integrated circuit die over the
substrate. 11   17. The integrated circuit as claimed in claim 16 wherein
the metal layer is bonded to or integrally deposited on the substrate. 18.
The integrated circuit as claimed in claim 16 additionally comprising: a
power cross-connect in the metal layer connecting at least two power pads
of the plurality of pads; and wherein: the soldermask isolates and
insulates the power cross-connect from the conductive die attach adhesive.
19. The integrated circuit as claimed in claim 16 additionally comprising: 



a power cross-connect in the metal layer connecting at least two power pads
of the plurality of pads; a ground plane over the substrate and under the
integrated circuit die, the ground plane bonded to the substrate by the
conductive die attach adhesive and in conductive contact with a pad of the
plurality of pads. 20. The integrated circuit as claimed in claim 16
additionally comprising: a power cross-connect in the metal layer
connecting at least two power pads of the plurality of pads; a ground plane
over the substrate and bonded to the substrate by the conductive die attach
adhesive and in conductive contact by the conductive die attach adhesive
with a pad of the plurality of pads; and additional conductive die attach
adhesive bonding the integrated circuit die to the ground plane. 12
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