
AN INTEGRATED CIRCUIT STRUCTURE AND A METHOD OF
FORMING THE SAME [0001] The present application claims
the benefit of United States provisional application
60/893,963 (filed on 9 March 2007), the entire
contents of which are incorporated herein by reference
for all purposes. FIELD OF THE INVENTION [0002]
Embodiments of the invention relate generally to
integrated circuit structures and a method of forming
the same. Specifically, embodiments of the invention
relate to an integrated circuit package antenna (ICPA)
and an antenna-inpackage (AiP). BACKGROUND OF THE
INVENTION [0003] Traditionally, millimetre-wave (MMW),
sub-millimeter-wave (sub-MMW), and Terahertz radios
are implemented with multiple chips fabricated in HI-V
semiconductor technologies. As devices used can
generate larger output power, the requirement for the
transmission loss from the radio frequency (RF) output
to the antenna input is relaxed. When a radio having a
transmitter (Tx) and receiver (Rx) uses multi-chip
module technology, the MMW antenna may be connected to
the Tx or Rx RF output by a combination of bonding
wires and wire lines, or by a combination of flip chip
connection and wire line. The wire line is necessary
because the multi-chip module solution of the Tx or Rx
does not allow for the Tx or Rx module to approach the
antenna closely. [0004] Driven by demand for low cost
and small-sized MMW radio, the systemon- chip (SoC) or
system-in-package (SiP) solutions of MMW radios have
been proposed. An example of a SoC MMW radio in
Silicon-Germanium (SiGe) or complementary metal oxide
semiconductor (CMOS) involves a MMW antenna being 



fabricated on the substrate. The antenna is then
connected to the Tx or Rx chip by bonding wires.
Another example involves a MMW antenna sitting on an
antenna socket. The socket may be made of a low-loss
dielectric material or a hollow metalfilled with foam
or air. The antenna is then connected to Tx or Rx chip
by flip chip technology. [0005] The feeding from RF
output to the antenna usually involves contact
coupling or in particular inductive feeding due to
inherent stray inductances in wire lines, bond wires
and flip chip connection for example. MMW AiP designs
using this inductive feeding may meet great challenges
in impedance matching and reduction of transmission
loss. This is because the reactance due to (stray)
inductance increases proportionately with frequency.
It may be difficult to achieve wide impedance matching
bandwidth using this inductive feeding. For example,
the bond wire feeding at 60 GHz is extremely difficult
to be realized in MMW AiP designs. [0006] Several
attempts have been made to address these problems due
to the stray inductance so as to enable realization of
MMW AiP design. One possible approach to solve this
problem may involve contactless coupling or
alternating current coupling. Contactless coupling may
involve capacitive coupling or inductive coupling for
example. [0007] One such attempt involves a microstrip
antenna array having a broadband linear polarization,
and circular polarization with high polarization
purity. The feedlines of the array are capacitively
coupled to feeding patches at a single feedpoint or at
multiple feedpoints, the feeding patches in turn being
electromagnetically coupled to corresponding radiating
patches. [0008] Another such attempt involves a
microstrip antenna in low temperature cofired ceramic
(LTCC). The antenna is excited by proximity-coupling
or capacitive coupling and has a total thickness of 12
metal layers and 11 substrate layers. The use 



of proximity-coupling allows for different
polarization reception of signals that exhibits
improved cross-channel isolation in comparison to a
traditional coplanar microstrip feed. There are two
substrate layers separating the patch and the
feedline, and two substrate layers separating the
feedline and the ground layer. The remaining seven
substrate layers are used for burying RF circuitry
beneath the antenna that includes the filter,
integrated passives, and other components.[0009]
However, there is still a need for an alternative
antenna-in-package design which advantageously avoids
or reduces some of the above-mentioned drawbacks of
prior art devices. SUMMARY OF THE INVENTION [0010]
Various embodiments of the invention provide an
integrated circuit structure and a method of forming
the same. [0011] An embodiment of the invention
provides an integrated circuit structure. The
integrated circuit structure includes a first package
substrate comprising a radiating element, the
radiating element having a radiating element
connection extending from the radiating element; a
first chip positioned adjacent to the radiating
element connection, the first chip having a first chip
connection on a surface of the first chip; wherein the
first chip connection forms a capacitive coupling with
the radiating element connection. [0012] Another
embodiment of the invention provides an integrated
circuit structure. The integrated circuit structure
includes a first package substrate comprising an
electronic component, the electronic component having
a electronic component connection extending from the
electronic component; a first chip positioned adjacent
to the electronic component connection, the first chip
having a first chip connection on a surface of the
first chip; wherein the first chip connection forms a
capacitive coupling with the electronic component
connection. 



[0013] A further embodiment of the invention provides
an integrated circuit structure. The integrated
circuit structure includes a first package substrate
comprising a radiating element, the radiating element
having a radiating element connection extending from
the radiating element; a first chip positioned
adjacent to the radiating element connection, the
first chip having a first chip connection on a surface
of the first chip; wherein the first chip connection
forms an inductive coupling with the radiating element
connection.[0014] Other embodiment of the invention
provides a method of forming an integrated circuit
structure. The method includes forming a radiating
element on a first package substrate, the radiating
element having a radiating element connection
extending from the radiating element; positioning a
first chip adjacent to the radiating element
connection, the first chip having a first chip
connection on a surface of the first chip; wherein the
first chip connection forms a capacitive coupling with
the radiating element connection. BRIEF DESCMPTION OF
THE DRAWINGS [0015] In the drawings, like reference
characters generally refer to the same parts
throughout the different views. The drawings are not
necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the
invention hi the following description, various
embodiments of the invention are described with
reference to the following drawings, in which: [0016]
Figure 1 shows a chip to package connection by a
capacitive coupling in an integrated circuit structure
according to an embodiment of the present invention;
[0017] Figure 2 shows a chip to package connection by
a capacitive coupling in an integrated circuit
structure with the chip and the antenna-in-package on
separate package substrates according to an embodiment
of the present invention; [0018] Figure 3 shows a chip
to package connection by a vertical capacitive 



coupling in an integrated circuit structure with the
chip and the antenna-in-package on a single package
substrate according to an embodiment of the present
invention; [0019] Figure 4 shows a chip to package
connection by a horizontal capacitive coupling in an
integrated circuit structure with the chip and the
antenna-in-package on a single package substrate
according to an embodiment of the present invention;
[0020] Figure 5 shows a chip to package connection by
a combination of a vertical and a horizontal
capacitive coupling in an integrated circuit structure
with the chip and the antenna-in-package in a single
package substrate according to an embodiment of the
present invention; [0021] Figure 6 shows a chip to
chip connection by a capacitive coupling in an
integrated circuit structure according to an
embodiment of the present invention; [0022] Figure 7
shows a combination of a chip to package connection
and a chip to chip connection by respective capacitive
coupling in an integrated circuit structure according
to an embodiment of the present invention; [0023]
Figure 8 shows a chip to package connection by an
inductive coupling in an integrated circuit structure
according to an embodiment of the present invention;
[0024] Figure 9A shows a layout of an inductive
feeding slot radiating element in an integrated
circuit structure according to an embodiment of the
present invention; Figure 9B shows a layout of a
capacitive coupling slot radiating element in an
integrated circuit structure according to an
embodiment of the present invention; [0025] Figure 1OA
shows a cross-sectional view of a director in an
integrated circuit structure according to an
embodiment of the present invention; Figure 1OB shows
a layout of a director in an integrated circuit
structure according to an embodiment of the present
invention; [0026] Figure 11 shows a ground reflector
in an integrated circuit structure according to an
embodiment of the present invention; 



[0027] Figure 12 shows an exploded three-dimensional
view of an integrated circuit structure in a ball grid
array package according to an embodiment of the
present invention;[0028] Figure 13 shows a zoom in
view of a chip to package connection by a capacitive
coupling in an integrated circuit structure according
to an embodiment of the present invention; [0029]
Figure 14 shows a fabrication process of an integrated
circuit structure according to an embodiment of the
present invention; DETAILED DESCRIPTION OF THE
INVENTION [0030] Exemplary embodiments of an
integrated circuit structure and the method of forming
the same are described in details below with reference
to the accompanying figures. In addition, the
exemplary embodiments described below can be modified
in various aspects without changing the essence of the
invention. [0031] An embodiment of the invention
provides an integrated circuit structure. The
integrated circuit structure includes a first package
substrate comprising a radiating element, the
radiating element having a radiating element
connection extending from the radiating element; a
first chip positioned adjacent to the radiating
element connection, the first chip having a first chip
connection on a surface of the first chip; wherein the
first chip connection forms a capacitive coupling with
the radiating element connection. The integrated
circuit structure may be termed an integrated circuit
package antenna (ICPA) and the first package substrate
may be termed an antenna-in-package (AiP). The
radiating element may be an antenna. An antenna is a
transducer designed to transmit or receive
electromagnetic waves. In other words, antennas
convert electromagnetic waves into electrical currents
and vice versa. Antennas are used in systems such as
radio and television broadcasting, point-to-point
radio communication, wireless LAN, radar, and space
exploration. Physically, an 



antenna is an arrangement of conductors that generate
a radiating electromagnetic field in response to an
applied alternating voltage and the associated
alternating electric current, or can be placed in an
electromagnetic field so that the field will induce an
alternating current in the antenna and a voltage
between its terminals. Antenna may be used for
transmission and reception of radio frequency signals
to and from the first chip.[0032] In one embodiment,
the first chip may be positioned on or housed within
the first package substrate. [0033] hi another
embodiment, the first package substrate may include a
socket for housing the first chip and a cavity
positioned below the radiating element for shielding
magnetic field from the first chip. The socket may be
used for housing one chip or more. The socket and the
cavity may be pre-formed in the first package
substrate. [0034] According to an embodiment of the
invention, the integrated circuit structure further
includes a second package substrate positioned below
the first package substrate. The second package
substrate may include a package frame or a printed
circuit board but not so limited. [0035] In a further
embodiment, the integrated circuit structure further
includes a ground plane positioned between at least a
portion of the first package substrate and at least a
portion of the second package substrate. The ground
plane is positioned below the radiating element and
the first chip such that the ground plane overlaps at
least an area covered by the radiating element and a
portion of the first chip. [0036] In a further
embodiment, the cavity is formed by at least two vias
in the first package substrate and a portion of the
ground plane. [0037] Accordingly to an embodiment of
the invention, the first chip connection may be
positioned substantially parallel to the radiating
element connection. The first chip connection may be
positioned at a distance away from the radiating
element 



connection. [0038] hi one embodiment, the first chip
connection and the radiating element connection may be
positioned substantially parallel to a horizontal
plane of the first package substrate. In another
embodiment, the first chip connection and the
radiating element connection may be positioned
substantially perpendicular to a horizontal plane of
the first package substrate.[0039] According to an
embodiment of the invention, the integrated circuit
structure further includes a second chip positioned on
or housed within the first package substrate. The
second chip may be positioned adjacent to the first
chip. [0040] In one embodiment, the second chip may
include a second chip connection on a surface of the
second chip. The first chip connection may form a
capacitive coupling with the second chip connection.
[0041] Accordingly to an embodiment of the invention,
the first chip may be positioned or housed within a
third package substrate. The third package substrate
may include a socket for housing the first chip and a
cavity positioned over the radiating element for
shielding magnetic field from the first chip. [0042]
In one embodiment, the first package substrate and the
third package substrate may be formed from a packaging
material. The packaging material may be selected from
a group of packaging materials consisting of low
temperature co-fired ceramic (LTCC), liquid crystal
polymer (LCP), and silicon. [0043] In a further
embodiment, the first chip and the second chip may be
integrated circuits. [0044] In a further embodiment,
the first chip connection, the second chip connection,
and the radiating element connection may include
conductive materials. The conductive material may be
selected from a group of conductive materials
consisting of copper, silver or gold. 



[0045] In a further embodiment, the first chip is
distanced from the radiating element. [0046] Another
embodiment of the invention provides an integrated
circuit structure. The integrated circuit structure
may include a first package substrate comprising an
electronic component, the electronic component having
a electroniccomponent connection extending from the
electronic component; a first chip positioned adjacent
to the electronic component connection, the first chip
having a first chip connection on a surface of the
first chip; wherein the first chip connection forms a
capacitive coupling with the electronic component
connection. [0047] A further embodiment of the
invention provides an integrated circuit structure.
The integrated circuit structure includes a first
package substrate comprising a radiating element, the
radiating element having a radiating element
connection extending from the radiating element; a
first chip positioned adjacent to the radiating
element connection, the first chip having a first chip
connection on a surface of the first chip; wherein the
first chip connection forms an inductive coupling with
the radiating element connection. [0048] Other
embodiment of the invention provides a method of
forming an integrated circuit structure. The method
may include forming a radiating element on a first
package substrate, the radiating element having a
radiating element connection extending from the
radiating element; positioning a first chip adjacent
to the radiating element connection, the first chip
having a first chip connection on a surface of the
first chip; wherein the first chip connection forms a
capacitive coupling with the radiating element
connection. [0049] In one embodiment, the method may
further include positioning the first chip on or
within the first package substrate. [0050] In a
further embodiment, the method further may include
forming a socket 



in the first package substrate for housing the first
chip and forming a cavity in the first package
substrate, the cavity being positioned below the
radiating element for shielding magnetic field from
the first chip. [0051] According to an embodiment of
the invention, the method may further include
positioning a second package substrate below the first
package substrate. The second package substrate
includes a package frame or a printed circuit board
but not so limited.[0052] In a further embodiment, the
method further include positioning a ground plane
between at least a portion of the first package
substrate and at least a portion of the second package
substrate. The method may include positioning the
ground plane below the radiating element and the first
chip such that the ground plane overlaps at least an
area covered by the radiating element and a portion of
the first chip. [0053] In another embodiment, the
cavity may be formed by at least two vias in the first
package substrate and a portion of the ground plane.
[0054] According to one embodiment, the method may
further include positioning the first chip connection
substantially parallel to the radiating element
connection. The method may include positioning the
first chip connection at a distance away from the
radiating element connection. [0055] In one
embodiment, the method may further include positioning
the first chip connection and the radiating element
connection substantially parallel to a horizontal
plane of the first package substrate. In another
embodiment, the method further includes positioning
the first chip connection and the radiating element
connection substantially perpendicular to a horizontal
plane of the first package substrate. [0056] According
to one embodiment of the invention, the method may
further include positioning a second chip on or within
the first package substrate. The method 



may include positioning the second chip adjacent to
the first chip. [0057] In one embodiment, the second
chip may include a second chip connection on a surface
of the second chip. The first chip connection may form
a capacitive coupling with the second chip connection.
[0058] Accordingly to one embodiment of the invention,
the method may further include positioning the first
chip in or within a third package substrate. The
method may further include forming a socket in the
third package substrate for housing thefirst chip and
forming a cavity in the third package substrate, the
cavity being positioned over the radiating element for
shielding magnetic field from the first chip. [0059]
In one embodiment, the first package substrate and the
third package substrate may be formed from a packaging
material. The packaging may be selected from a group
of packaging materials consisting of low temperature
co-fired ceramic, liquid crystal polymer, and silicon.
[0060] In a further embodiment, the first chip and the
second chip may be integrated circuits. The radiating
element may be an antenna. [0061] In a further
embodiment, the first chip connection, the second chip
connection and the radiating element connection may
include conductive materials. The conductive material
may be selected from a group of conductive materials
consisting of copper, silver or gold [0062] Figure 1
shows a chip to package connection by a capacitive
coupling in an integrated circuit structure 100
according to an embodiment of the present invention;
Figure 1 shows an integrated circuit structure 100
including a chip 102 and an antenna in a package 104
or an antenna-in-package (AiP). The chip 102 may
include a transmitter and a receiver. The alternating
current coupling feeding or a capacitive coupling
feeding 106 is formed with one part of the capacitor
on the chip 102 and the other part of the capacitor on
the package 122 of the antenna-in-package 104. 



[0063] Figure 2 shows a chip to package connection by
a capacitive coupling in an integrated circuit
structure 100 with the chip and the antenna-in-package
on separate package substrates according to an
embodiment of the present invention. Figure 2 shows an
integrated circuit structure 100 including a first
package substrate 108 and a second package substrate
110 arranged adjacent the first package substrate 108.
The first package substrate 108 and the second package
substrate 110 may include a package material. The
package material may include low temperature co-fired
ceramic (LTCC), Flame Retardant 4 (FR4), liquid
crystal polymer, silicon, but not so limited.[0064] An
antenna 112 is disposed on a surface of the first
package substrate 108 and a feedline 114 extends from
one end of the antenna 112 along one surface of the
first package substrate 108. The antenna 112 may also
be formed within the first package substrate 108. The
antenna 112 and the feedline 114 may include
conductive materials, for example copper, silver or
gold. The antenna 112 and the feedline 114 may also be
of the same conductive material. [0065] A cavity 116
is formed in the second package substrate 110 and is
positioned below the antenna 112 in the first package
substrate 108. The cavity formed has two purposes. The
first purpose is to improve the antenna performance
such as to broaden the antenna 112 impedance bandwidth
and to enhance the antenna 112 gain. The other purpose
is to reduce the potential electromagnetic
interference from the antenna 112 radiation to the
chip 102. The cavity 116 is lined with a plating
material and the planar area occupied by the cavity
116 is at least comparable or larger than the planar
area of the antenna 112 so as to confine the magnetic
field within the cavity 116 and thereby shield the
magnetic field from the chip 102. A socket 118 is also
formed in the second package substrate 110, adjacent
to the cavity 116. The socket 118 is configured to
house a chip 102 but not so limited. [0066] The chip
102 includes a chip connection 120 formed on a surface
of the 



chip 102. The chip connection 120 may be formed of a
conductive material, similar to that of the feedline
114 or the antenna 112 but not so limited. The chip
connection 120 is arranged substantially parallel to
the feedline 114 and the chip connection 120 and the
feedline 114 are positioned substantially parallel to
a horizontal plane of the first package substrate 108
or of the second package substrate 110. The chip
connection 120 forms a capacitor 106 with the feedline
114 extending from the antenna 112. [0067] Figure 3
shows a chip to package connection by a vertical
capacitive coupling in an integrated circuit structure
100 with the chip and the antenna-inpackage on a
single package substrate 122 according to an
embodiment of the present invention. Figure 3 shows an
integrated circuit structure 100 including a single
package substrate 122. The package substrate 122 may
include a package material forexample low temperature
co-fired ceramic, liquid crystal polymer, silicon, but
not so limited. [0068] An antenna 112 is disposed
within the package substrate 122 and a feedline 114
extends from one end of the antenna 112 within the
package substrate 122. The antenna 112 and the
feedline 114 may include a conductive material, for
example copper, silver or gold. The antenna 112 and
the feedline 114 may also be of the same conductive
material. [0069] A socket 118 is formed in the package
substrate 122 and is positioned adjacent or at a
distance away from the feedline 114 and the antenna
112 in the package substrate 122. The socket 118 is
configured to house a chip 102 but not so limited.
[0070] The chip 102 includes a chip connection 120
formed on a surface of the chip 102. The chip
connection 120 may be formed of a conductive material,
similar to that of the feedline 114 or the antenna 112
but not so limited. The chip connection 120 is
arranged substantially parallel to the feedline 114
and the chip connection 120 and 



the feedline 114 are positioned substantially
perpendicular to a horizontal plane of the package
substrate 122. The chip connection 120 forms a
capacitor 106 with the feedline 114 on the package
substrate 122. [0071] The integrated circuit structure
100 further includes a printed circuit board 124
positioned or formed below the package substrate 122.
The printed circuit board 124 extends along the length
of the antenna 112 and the chip 102 and may serve as a
support for the package substrate 122. A conducting
plane 126 is formed between at least a portion of the
package substrate 122 and at least a corresponding
portion of the printed circuit board 124. The
conducting plane 126 is positioned below the antenna
112 and the planar area occupied by the conducting
plane 126 is at least comparable or larger than the
planar area occupied by the antenna 112. The
conducting plane 126 serves as a ground plane. Two
vias 128 serving as a fence extend vertically from a
horizontal plane of the ground plane 126, the location
of each via 128 corresponding to an end portion of the
antenna 112. The combination of the ground plane 126
and thevias 128 form a quasi cavity which serves to
improve the antenna performance and to reduce the
potential electromagnetic interference from the
antenna 112 radiation to the chip 102. [0072] Figure 4
shows a chip to package connection by a horizontal
capacitive coupling in an integrated circuit structure
100 with the chip and the antenna-inpackage on a
single package substrate 122 according to an
embodiment of the present invention. Figure 4 shows an
integrated circuit structure 100 including a single
package substrate 122. The package substrate 122 may
include a package material for example low temperature
co-fired ceramic, liquid crystal polymer, silicon, but
not so limited. [0073] An antenna 112 is disposed
within the package substrate 122 and a feedline 114
extends from one end of the antenna 112 within the
package substrate 122. The 



antenna 112 and the feedline 114 may include a
conductive material, for example copper, silver or
gold. The antenna 112 and the feedline 114 may also be
of the same conductive material. [0074] A socket 118
is formed in the package substrate 122 and is
positioned adjacent or at a distance away from the
feedline 114 and the antenna 112 in the package
substrate 122. The socket 118 is configured to house a
chip 102 but not so limited. [0075] The chip 102
includes a chip connection 120 formed on a surface of
the chip 102. The chip connection 120 may be formed of
a conductive material, similar to that of the feedline
114 or the antenna 112 but not so limited. The chip
connection 120 is arranged substantially parallel to
the feedline 114 and the chip connection 120 and the
feedline 114 are positioned substantially parallel to
a horizontal plane of the package substrate 122. The
chip connection 120 forms a capacitor 106 with the
feedline 114 on the package substrate 122. [0076] The
integrated circuit structure 100 further includes a
printed circuit board 124 positioned or formed below
the package substrate 122. The printed circuit
board124 extends along the length of the antenna 112
and the chip 102 and may serve as a support for the
package substrate 122. A conducting plane 126 is
formed between at least a portion of the package
substrate 122 and at least a corresponding portion of
the printed circuit board 124. The conducting plane
126 is positioned below the antenna 112 and chip
connection 120 on the chip 102 and the planar area
occupied by the conducting plane 126 is at least
comparable or larger than the planar area occupied by
the antenna 112 and the chip connection 120. The
conducting plane 126 serves as a ground plane. Two
vias 128 serving as a fence extend vertically from a
horizontal plane of the ground plane 126, the location
of each via 128 corresponding to an end portion of the
antenna 112. The combination of the ground plane 126
and the vias 128 



form a quasi cavity which serves to improve the
antenna 112 performance and to reduce the potential
electromagnetic interference from the antenna 112
radiation to the chip 102.The ground plane 126 in
Figure 4 is positioned below the antenna 112 and the
chip connection 120, and is larger when compared to
the ground plane 126 in Figure 3 which is positioned
only below the antenna 112. For coplanar waveguide
(CPW) lines, two types of construction may be
possible, one construction has ground below the chip
connection 120 as shown in Figure 4 and the other has
no ground below the chip connection 120 as shown in
Figure 3. [0077] Figure 5 shows a chip to package
connection by a combination of a vertical and a
horizontal capacitive coupling in an integrated
circuit structure with the chip and the
antenna-in-package in a single package substrate
according to an embodiment of the present invention.
Figure 5 shows an integrated circuit structure 100
including a single package substrate 122. The package
substrate 122 may include a package material for
example low temperature co-fired ceramic, liquid
crystal polymer, silicon, but not so limited. [0078]
An antenna 112 is disposed within the package
substrate 122 and a feedline 114 extends from one end
of the antenna 112 within the package substrate 122.
The antenna 112 and the feedline 114 may include a
conductive material, for example copper, silver or
gold. The antenna 112 and the feedline 114 may also be
of the same conductive material.[0079] A socket 118 is
formed in the package substrate 122 and is positioned
adjacent or at a distance away from the feedline 114
and the antenna 112 in the package substrate 122. The
socket 118 is configured to house a chip 102 but not
so limited. [0080] The chip 102 includes a chip
connection 120 formed on a surface of the chip 102.
The chip connection 120 may be formed of a conductive
material, similar to 



that of the feedline 114 or the antenna 112 but not so
limited. The chip connection 120 is arranged
substantially parallel to the feedline 114. A portion
of the chip connection 120 and a portion of the
feedline 114 are positioned substantially parallel to
a horizontal plane of the package substrate 122 while
another portion of the chip connection 120 and another
portion of the feedline 114 are positioned
substantially perpendicular to the horizontal plane of
the package substrate 122. The respective portions of
the chip connection 120 form respective capacitors 106
with the respective corresponding portions of the
feedline 114 on the package substrate 122. This
arrangement is a combination of the arrangements in
Figure 3 and Figure 4. With a similar coupling
distance, a larger capacitance value is expected for
this arrangement and this may consequently enhance the
coupling performance. [0081] The integrated circuit
structure 100 further includes a printed circuit board
124 positioned or formed below the package substrate
122. The printed circuit board 124 extends along the
length of the antenna 112 and the chip 102 and may
serve as a support for the package substrate 122. A
conducting plane 126 is formed between at least a
portion of the package substrate 122 and at least a
corresponding portion of the printed circuit board
124. The conducting plane 126 is positioned below the
antenna 112 and chip connection 120 on the chip 102
and the planar area occupied by the conducting plane
126 is at least comparable or larger than the planar
area occupied by the antenna 112 and the chip
connection 120. The conducting plane 126 serves as a
ground plane. Two vias 128, serving as a fence, extend
vertically from a horizontal plane of the ground plane
126, the location of each via 128 corresponding to an
end portion of the antenna 112. The combination of the
ground plane 126 and the vias 128 form a quasi cavity
which serves to improve the antenna 112 performance
and toreduce the potential electromagnetic
interference from the antenna 112 radiation to the
chip 102. 



[0082] Figure 6 shows a chip to chip connection by a
capacitive coupling in an integrated circuit structure
according to an embodiment of the present invention.
Figure 6 shows an integrated circuit structure 100
including two chips 134, 136 arranged on a package
substrate 138. The chips 134, 136 may also be arranged
within the package substrate 138. The package
substrate 138 may include a package material for
example low temperature co-fired ceramic (LTCC), Flame
Retardant 4 (FR4), liquid crystal polymer, silicon,
but not so limited. The package substrate 138 is the
same as that for Figures 2 to 5. [0083] Each of the
chips 134, 136 includes a respective chip connection
130, 132 formed on a surface of the chips 134, 136.
The chip connections 130, 132 may be formed of a
conductive material. A first chip connection 130 on a
first chip 134 is arranged substantially parallel to a
second chip connection 132 on a second chip 136 and
the first chip connection 130 forms a capacitor 106
with the second chip connection 132. Both the first
chip connection 130 and the second chip connection 132
are positioned substantially perpendicular to a
horizontal plane of the package substrate 138. [0084]
Figure 7 shows a combination of a chip to package
connection and a chip to chip connection by respective
capacitive coupling in an integrated circuit structure
according to an embodiment of the present invention.
Figure 7 shows an integrated circuit structure 100
including a single package substrate 122. The package
substrate 122 may include a package material for
example low temperature co-fired ceramic, liquid
crystal polymer, silicon, but not so limited. [0085]
An antenna 112 is disposed within the package
substrate 122 and a feedline 114 extends from one end
of the antenna 112 within the package substrate 122.
The antenna 112 and the feedline 114 may include a
conductive material, for example 



copper, silver or gold. The antenna 112 and the
feedline 114 may also be of the same conductive
material.[0086] A socket 118 is formed in the package
substrate 122 and is positioned adjacent or at a
distance away from the feedline 114 and the antenna
112 in the package substrate 122. The socket 118 is
configured to house two chips 134, 136 but not so
limited. [0087] Each of the chips 134, 136 includes a
respective chip connection 130, 132 formed on a
surface of the chips 134, 136. The chip connections
134, 136 may be formed of a conductive material. A
first chip connection 130 on a first chip 134 is
arranged substantially parallel to a second chip
connection 132 on a second chip 136 and the first chip
connection 130 forms a capacitor 106 with the second
chip connection 132. Both the first chip connection
130 and the second chip connection 132 are positioned
substantially perpendicular to a horizontal plane of
the package substrate 122. [0088] The second chip 136
includes a third chip connection 140, the third chip
connection 140 includes two portions, and each portion
is arranged substantially parallel to the feedline
114. A portion of the third chip connection 140 and a
portion of the feedline 114 are positioned
substantially parallel to a horizontal plane of the
package substrate 122 while another portion of the
third chip connection 140 and another portion of the
feedline 114 are positioned substantially
perpendicular to the horizontal plane of the package
substrate 122. The respective portions of the third
chip connection 140 forms respective capacitors 106
with the respective corresponding portions of the
feedline 114 on the package substrate 122. This
arrangement is a combination of the arrangements in
Figure 5 and Figure 6. [0089] The integrated circuit
structure 100 further includes a printed circuit board
124 positioned or formed below the package substrate
122. The printed circuit board 



124 extends along the length of the antenna 112 and
the chips 134, 136 and may serve as a support for the
package substrate 122. A conducting plane 126 is
formed between at least a portion of the package
substrate 122 and at least a corresponding portion of
the printed circuit board 124. The conducting plane
126 is positioned below the antenna 112 and a portion
of the third chip connection 140 on the second chip
136 andthe planar area occupied by the conducting
plane 126 is at least comparable or larger than the
planar area occupied by the antenna 112 and the
portion of the third chip connection 140. The
conducting plane 126 serves as a ground plane. Two
vias 128, serving as a fence extend vertically from a
horizontal plane of the ground plane 126, the location
of each via 128 corresponding to an end portion of the
antenna 112. The combination of the ground plane 126
and the vias 128 form a quasi cavity which serves to
improve the antenna 112 performance and to reduce the
potential electromagnetic interference from the
antenna 112 radiation to the chip 102. [0090] Figure 8
shows a chip to package connection by an inductive
coupling in an integrated circuit structure according
to an embodiment of the present invention. Figure 8
shows a first inductor 142 positioned on a portion of
a chip 102 and a second inductor 144 positioned on a
portion of a package substrate 122. The first inductor
142 on the portion of the chip 102 is coupled to the
second inductor 144 on the portion of the package
substrate 122 by inductive coupling. [0091] To
overcome fracture and warpage problem caused by
conventional microstrip patch radiating-element in
antenna-in-package design, a coplanar waveguide
(CPW)-fed wideband triangle (WB-triangle) slot
radiating element as shown in Figure 9A and Figure 9B
may be used. [0092] Figure 9A shows a layout of an
inductive feeding slot radiating element 148 in an
integrated circuit structure according to an
embodiment of the present invention. The inductive
slot radiating element 148 may include three
feedlines, namely ground 



(G) 150, signal (S) 152, and ground (G) 154. In Figure
9A, the signal line 152 is connected to the base of
the triangular slot. The base is also the ground.
Hence, it is inductive feeding type. [0093] Figure 9B
shows a layout of a capacitive coupling slot radiating
element in an integrated circuit structure according
to an embodiment of the present invention. The
capacitive slot radiating element 156 may include
three feedlines, namely ground (G) 150, signal (S)
152, and ground (G) 154. In Figure 9B, the signal line
152 is not connected to the base (ground) of the
triangular slot. It is capacitive feeding type.
Thebeveled structure may be used for wideband
impedance matching capability. A lot radiating element
is created with length (L) = l. The relative bandwidth
of over approximately 10% may be achieved for the
layout in Figure 9A and Figure 9B. [0094] The size of
millimeter wave (mmWave) antenna-in-package (AiP) may
be on the order of millimeters or less. In addition,
antenna-in-package may be miniaturized further for
integration purpose. This makes it challenging for the
antenna-in-package to achieve a high gain owing to a
decreased antenna size. To try to overcome this
problem, a director as shown in Figure 1OA and Figure
1OB may be used to improve the gain of mmWave AiP.
[0095] Figure 1OA shows a cross-sectional view of a
director in an integrated circuit structure according
to an embodiment of the present invention. Figure 1OA
shows a portion of an integrated circuit structure 100
including a single package substrate 122. The package
substrate 122 may include a package material for
example low temperature co-fired ceramic, liquid
crystal polymer, silicon, but not so limited. An
antenna 112 is disposed within the package substrate
122. The integrated circuit structure 100 further
includes a printed circuit board 124 positioned or
formed below the package substrate 122. The printed
circuit board 124 extends along the length of the
antenna 112 and may serve as a support for the package
substrate 122. A 



conducting plane 126 is formed between at least a
portion of the package substrate 122 and at least a
corresponding portion of the printed circuit board
124. The conducting plane 126 is positioned below the
antenna 112 and the planar area occupied by the
conducting plane 126 is at least comparable or larger
than the planar area occupied by the antenna 112. The
conducting plane 126 serves as a ground plane. Two
vias 128 serving as a fence extend vertically from a
horizontal plane of the ground plane 126, each via 128
corresponding to an end portion of the antenna 112.
The combination of the ground plane 126 and the vias
128 form a quasi cavity which serves to improve the
antenna 112 performance and to reduce the potential
electromagnetic interference from the antenna 112
radiation to the chip 102. The director 158 is
realized in a metal plane format in the antenna
radiating direction, above the antenna 112 and within
the package substrate 122.[0096] The director 158 can
be close-looped or open-looped. Figure 1OB shows a
layout of a director 158 in an integrated circuit
structure 100 according to an embodiment of the
present invention. Figure 1OB shows a director 158
having a closelooped rectangular layout. With proper
design of the director, surface waves can be
effectively suppressed and radiation efficiency can be
improved, which makes the antenna gain improved
greatly. The surface wave propagates on a horizontal
surface of the package substrate 122. As the director
158 may be made of metal such as silver or gold, the
director 158 may reflect or block the propagation of
the surface wave, thereby improve radiation
efficiency. For example, for a 60GHz AiP 2dBi gain
improvement may be obtained using the director layout
as shown in Figure 1OB. Different shapes may also be
realized for the director 158. The director 158 may be
of a circular shape or a meander shape. [0097] To
improve the gain of the mmWave AiP, a ground reflector
126 as shown in Figure 1 1 may be used. A ground plane
made of metal, which has a reflection 



coefficient near to 1, can be used as a reflector. The
ground reflector 126 reflects the radiation towards
the broadside direction so to increase the gain.
Figure 11 shows a ground reflector 126 in an
integrated circuit structure 100 according to an
embodiment of the present invention. Figure 11 shows
an integrated circuit structure 100 including a single
package substrate 122. A slot antenna 112 is disposed
within the package substrate 122 and a feedline 114
extends from the slot antenna 112 within the package
substrate 122. Besides the slot antenna 112 as shown,
all printed type of antennas can also be used. Other
examples are microstrip patch antennas or monopole or
dipole. A ground plane 126 may be fabricated below the
slot antenna 112 within a package substrate 122. The
ground plane 126 may function as a reflector. As an
example in Figure 11, the vias 128 can go all the way
up from the ground reflector 126 to the slot antenna
112. The height of the vias 128 may be properly
adjusted according to the requirements. The ground
plane 126 or ground reflector together with the fence
of vias 128 forms a quasi metal cavity that helps to
reduce the undesirable effect of antenna radiation to
the nearby circuits and the unwanted effect of the
circuits to the antenna. [0098] Figure 12 shows an
exploded three-dimensional view of an integrated
circuit structure in a ball grid array package
according to an embodiment of thepresent invention.
The integrated circuit structure 100 integrates a slot
radiating element or slot antenna 112, an alternating
current (capacitive) coupling feeding 106, a ring
director 158 and a ground reflector 126. Three
dielectric layers 160, 166, 167 may be used to form a
package substrate 122. [0099] The first dielectric
layer 160 includes a large cavity 162. In addition, a
ground reflector 126 is positioned on one surface of
the first dielectric layer 160 and a coplanar
(CPW)-fed antenna 112 is positioned on the other
surface of the first dielectric layer 160. The first
dielectric layer 160 also includes a plurality of via
holes 164 formed inside and outside corresponding to
the area occupied by the ground 



reflector 126 and the CPW-fed antenna 112, allowing a
plurality of vias 128 to go all the way from a slot
antenna ground 112 to the ground reflector 126. The
ground reflector 126 may also be connected to a PCB
ground (not shown). The ground reflector 126 may
contribute to the shielding of the antenna 112 from
the outside circuit. Actually, the CPW-fed antenna 112
includes the slot antenna ground 112. It is seen from
the Figure 9A and Figure 9B that the slot antenna
ground 112 is the conducting plane connected with
ground feedlines, namely ground (G) 150 and ground (G)
154. That is, for inductive slot radiating element
148, all the conducting plane of the antenna is the
ground. While for capacitive slot radiating element
156, all the conducting plane of antenna is the ground
except signal feedline 152. The slot antenna uses the
slot formed by the conducting planes to radiate. This
is the basic mechanism of the slot antenna. [00100]
The second dielectric layer 166 includes a smaller
cavity 168. The large cavity 162 in the first layer
160 and the smaller cavity 168 in the second layer 166
form a package cavity configured to load a chip 102.
Signal feeding from the chip 102 to the slot antenna
112 may be realized by capacitive coupling 106. While
the chip ground pad is connected to the slot antenna
ground line using flip chip technology, the other chip
pads are connected to the signal traces 176 in the
second dielectric layer 166 using bond wires 172 or
flip chip technology 174. There is a plurality of
on-chip pads 170 within the smaller cavity 168.[00101]
The third dielectric layer 167 includes a ring
director 158 and a chip ground 178. The ring director
158 and the chip ground 178 may be formed together
using a same metal plane or different metal plates.
The chip 102 may be adhered to the chip ground 178.
The configuration may contribute to the shielding of
the chip 102 from the antenna 112. In this regard, the
integrated circuit structure 100 may provide a compact
and optimized solution for communication systems
operating at mmWave 



frequencies. [00102] Figure 13 shows a zoom in view of
a chip to package connection by a capacitive coupling
in an integrated circuit structure according to an
embodiment of the present invention. The integrated
circuit structure 100 includes a chip ground 178 and a
director 158 on one plane. A chip 102 is positioned
above the chip ground plane 178. One of the chip
connections on a surface of the chip 102 forms a
capacitor 106 with the signal feedline 152 extending
from an antenna 112. The other two chip connections on
the surface of the chip 102 are connected to the
respective ground feedlines 150, 154 extending from
the antenna 112 by flip chip technology 174. Vias 128
extend from the surface of the antenna 112 for
connection to a ground reflector 126. [00103] Figure
14 shows a fabrication process of an integrated
circuit structure according to an embodiment of the
present invention. First in step 180, a pre processing
step is carried out on four package substrates 146.
This pre-processing step includes blanking drying the
package substrates 146. Then in step 182, the
respective vias and cavities are formed in each of the
four package substrates 146. In 184, the vias are
filled with a conductive material. This is followed by
respective conductorprinting in step 186 to form a
respective ground reflector, a slot antenna, signal
traces and a chip ground and a ring director. In step
188, the respective package substrates are inspected
to check for non-uniformity. After inspection, the
first and second package substrate are collated in
step 190, and laminated, co-fired, then diced in step
192. The finished top package element has the ground
reflector on the top and new CPW-fed slot antenna at
the bottom. In the same manner, after inspection, the
third and fourth layers are collated in step 190, and
laminated, co-fired, then diced in step 192. In step
194, the chip is loaded in a cavity formed in the
finished bottom packageelement. The chip is adhered to
the chip ground which also features a ring director. 



After the chip is loaded to the bottom package
element, the top and bottom package elements are then
bonded together by flip-chip bonding and package
bonding processes in step 196, where the flip-chip
bonding is used for the interconnection of chip ground
pads to the ground of the antenna CPW feeding. During
this process capacitive coupling is automatically
formed for RF signal feeding. The following in step
198 is the wire bonding of other non-RF pads to the
package signal traces. The final finished product is
an AiP to be sent for characterization in step 200. If
LCP technology is used, the top and bottom package
element bonding can be replaced by the co-firing
process while other processes remain almost same.
[00104] The aforementioned description of the various
embodiments has been presented for purposes of
illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise
form disclosed, and obviously many modifications and
variations are possible in light of the disclosed
teaching. It is intended that the scope of the
invention be defined by the claims appended
hereto.CLAIMS What is claimed is: 1. An integrated
circuit structure comprising : a first package
substrate comprising a radiating element, the
radiating element having a radiating element
connection extending from the radiating element; a
first chip positioned adjacent to the radiating
element connection, the first chip having a first chip
connection on a surface of the first chip; wherein the
first chip connection forms a capacitive coupling with
the radiating element connection. 2. The integrated
circuit structure of claim 1, wherein the first chip
is positioned on or housed within the first package
substrate. 3. The integrated circuit structure of
claim 2, 



wherein the first package substrate comprises a socket
for housing the first chip. 4. The integrated circuit
structure of claim 3, wherein the first package
substrate comprises a cavity positioned below the
radiating element for shielding magnetic field from
the first chip. 5. The integrated circuit structure of
claim 4, further comprising a second package substrate
positioned below the first package substrate. 6. The
integrated circuit structure of claim 5, wherein the
second package substrate comprises a package frame or
a printed circuit board.7. The integrated circuit
structure of claim 5, further comprising a ground
plane positioned between at least a portion of the
first package substrate and at least a portion of the
second package substrate. 8. The integrated circuit
structure of claim 7, wherein the ground plane is
positioned below the radiating element and the first
chip such that the ground plane overlaps at least an
area covered by the radiating element and a portion of
the first chip. 9. The integrated circuit structure of
claim 7, wherein the cavity is formed by at least two
vias in the first package substrate and a portion of
the ground plane. 10. The integrated circuit structure
of claim 1, wherein the first chip connection is
positioned substantially parallel to the radiating
element connection. 11. The integrated circuit
structure of claim 10, wherein the first chip
connection is positioned at a distance away from the
radiating element connection. 



12. The integrated circuit structure of claim 11,
wherein the first chip connection and the radiating
element connection are positioned substantially
parallel to a horizontal plane of the first package
substrate. 13. The integrated circuit structure of
claim 11, wherein the first chip connection and the
radiating element connection are positioned
substantially perpendicular to a horizontal plane of
the first package substrate. 14. The integrated
circuit structure of claim 2,further comprising a
second chip positioned on or housed within the first
package substrate. 15. The integrated circuit
structure of claim 14, wherein the second chip is
positioned adjacent to the first chip. 16. The
integrated circuit structure of claim 15, wherein the
second chip having a second chip connection on a
surface of the second chip. 17. The integrated circuit
structure of claim 16, wherein the first chip
connection forms a capacitive coupling with the second
chip connection. 18. The integrated circuit structure
of claim 1, wherein the first chip is positioned or
housed within a third package substrate. 19. The
integrated circuit structure of claim 18, wherein
wherein the third package substrate comprises a socket
for housing the first chip. 20. The integrated circuit
structure of claim 19, wherein wherein the third
package substrate comprises a cavity positioned over
the radiating element for shielding magnetic field
from the first chip. 2 1. The integrated circuit
structure of any of the preceding claims 1 to 20,
wherein 



the first package substrate is formed from a packaging
material. 22. The integrated circuit structure of any
of the preceding claims 1 to 21, wherein the third
package substrate is formed from a packaging material.
23. The integrated circuit structure of claim 2 1 or
22, wherein the packaging material being selected from
a group of packaging materials consisting of low
temperature co-fired ceramic, liquid crystal polymer,
silicon.24. The integrated circuit structure of claim
1, wherein the first chip is an integrated circuit.
25. The integrated circuit structure of claim 14,
wherein the second chip is an integrated circuit. 26.
The integrated circuit structure of claim 1, wherein
the radiating element is an antenna. 27. The
integrated circuit structure of claim 1, wherein the
first chip connection comprises a conductive material.
28. The integrated circuit structure of claim 16,
wherein the second chip connection comprises a
conductive material. 29. The integrated circuit
structure of claim 1, wherein the radiating element
connection comprises a conductive material. 30. The
integrated circuit structure of any of claims 27 to
29, wherein the conductive material being selected
from a group of conductive materials consisting of
copper, silver and gold. 31. The integrated circuit
structure of claim 1, wherein the first chip is
distanced from the radiating element. 32. An
integrated circuit structure comprising : a first
package substrate comprising an electronic component,
the electronic component having a electronic component
connection extending from the 



electronic component;a first chip positioned adjacent
to the electronic component connection, the first chip
having a first chip connection on a surface of the
first chip; wherein the first chip connection forms a
capacitive coupling with the electronic component
connection. 33. An integrated circuit structure
comprising : a first package substrate comprising a
radiating element, the radiating element having a
radiating element connection extending from the
radiating element; a first chip positioned adjacent to
the radiating element connection, the first chip
having a first chip connection on a surface of the
first chip; wherein the first chip connection forms an
inductive coupling with the radiating element
connection. 34. A method of forming an integrated
circuit structure, the method comprising : forming a
radiating element on a first package substrate, the
radiating element having a radiating element
connection extending from the radiating element;
positioning a first chip adjacent to the radiating
element connection, the first chip having a first chip
connection on a surface of the first chip; wherein the
first chip connection forms a capacitive coupling with
the radiating element connection. 35. The method of
claim 34, further comprising positioning the first
chip on or within the first package substrate. 36. The
method of claim 35,further comprising forming a socket
in the first package substrate for housing the first
chip. 37. The method of claim 36, further comprising
forming a cavity in the first package substrate, the
cavity being positioned below the radiating element
for shielding magnetic field from the first 



chip. 38. The method of claim 37, further comprising
positioning a second package substrate below the first
package substrate. 39. The method of claim 38, wherein
the second package substrate comprises a package frame
or a printed circuit board. 40. The method of claim
38, further comprising positioning a ground plane
between at least a portion of the first package
substrate and at least a portion of the second package
substrate. 4 1. The method of claim 40, further
comprising positioning the ground plane below the
radiating element and the first chip such that the
ground plane overlaps at least an area covered by the
radiating element and a portion of the first chip. 42.
The method of claim 40, wherein the cavity is formed
by at least two vias in the first package substrate
and a portion of the ground plane. 43. The method of
claim 34, further comprising positioning the first
chip connection substantially parallel to the
radiating element connection.44. The method of claim
44, further comprising positioning the first chip
connection at a distance away from the radiating
element connection. 45. The method of claim 44,
further comprising positioning the first chip
connection and the radiating element connection
substantially parallel to a horizontal plane of the
first package substrate. 



46. The method of claim 44, further comprising
positioning the first chip connection and the
radiating element connection substantially
perpendicular to a horizontal plane of the first
package substrate. 47. The method of claim 35, further
comprising positioning a second chip on or within the
first package substrate. 48. The method of claim 47,
further comprising positioning the second chip
adjacent to the first chip. 49. The method of claim
48, wherein the second chip having a second chip
connection on a surface of the second chip. 50. The
method of claim 49, wherein the first chip connection
forms a capacitive coupling with the second chip
connection. 51. The method of claim 34, further
comprising positioning the first chip in or within a
third package substrate. 52. The method of claim 51,
whereinfurther comprising forming a socket in the
third package substrate for housing the first chip.
53. The method of claim 52, wherein further comprising
forming a cavity in the third package substrate, the
cavity being positioned over the radiating element for
shielding magnetic field from the first chip. 54. The
method of any of the preceding claims 34 to 53,
wherein the first package substrate is formed from a
packaging material. 



55. The method of any of the preceding claims 34 to
54, wherein the third package substrate is formed from
a packaging material. 56. The method of claim 54 or
55, wherein the packaging material being selected from
a group of packaging materials consisting of low
temperature co-fired ceramic, liquid crystal polymer,
silicon. 57. The method of claim 34, wherein the first
chip is an integrated circuit. 58. The method of claim
47, wherein the second chip is an integrated circuit.
59. The method of claim 34, wherein the radiating
element is an antenna. 60. The method of claim 34,
wherein the first chip connection comprises a
conductive material. 61. The method of claim 49,
wherein the second chip connection comprises a
conductive material.62. The method of claim 34,
wherein the radiating element connection comprises a
conductive material. 63. The method of any of claims
60 to 62, wherein the conductive material being
selected from a group of conductive materials
consisting of copper, silver and gold. 


