
SILSESQUIOXANE RESINS CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] None BACKGROUND OFTHE INVENTION
[0002] With the continuing demand for smaller feature
sizes in the semiconductor industry, 193 mm optical
lithography has emerged very recently as the
technology to produce devices with sub- 100 nm
features. The use of such shorter wavelength of light
requires the bottom antireflective coating (BARC) to
reduce the reflection on the substrate and dampen the
photoresist swing cure by absorbing light that has
been passed through the photoresist. Commercially
available antireflective coatings (ARC) consist of
both organic and inorganic materials. Typically, the
inorganic ARC, which exhibit good etch resistant, is
CVD based and is subject to the entire integration
disadvantage of extreme topography. The organic ARC
materials are applied by spin-on process and have
excellent fill and planarization properties, but
suffer from poor etch selectivity to organic
photoresist. As a result, a material that offers the
combined advantages of inorganic and organic ARC
materials is highly desired. BRIEF SUMMARY OF THE
INVENTION [0003] This invention pertains to
silsesquioxane resins useful in antireflective
coatings wherein the silsesquioxane resin has the
formula where Ph is a phenyl group, Me is a methyl
group; R is selected from a sulfurcontaining organic
functional group; R' is hydrogen atom or a hydrocarbon
group having from 1 to 4 carbon atoms; R 2 is selected
from ester groups, polyether groups; and polyethylene
oxide groups; x has a value of 0, 1or 2; m has a value
of 0.01 to 0.97; n has a value of 0.01 to 0.97; o has
a value of 0.01 to 0.97; p has a value of 0.01 to
0.97; q has a value of 0 to 0.96; and m + n + o + p +
q 1. When these resins are used in antireflective
coatings, the coatings can be stripped at the removal
stage. In addition, the presence of a hydrogen atom
group in the silsesquioxane resin is essential for the
desired cure properties and strip-ability as a 193nm
ARC material[0004] This invention also pertains to an
antireflective coating (ARC) composition comprising
(i) silsesquioxane resin having the formula where Ph
is a phenyl group; Me is a methyl group; R is selected
from a sulfurcontaining organic functional group; R'
is hydrogen atom or a hydrocarbon group having 1 to 4
carbon atoms; R is selected from ester groups,
polyether groups, and polyethylene oxide groups; x has
a value of 0, 1 or 2; m has a value of 0.01 to 0.97; n
has a value of 0.01 to 0.97; o has a value of 0.01 to
0.97; p has a value of 0.01 to 0.97; q has a value of
0 to 0.96; and m + n + o + p + q * I; and (ii) a
solvent. [0005] This invention also pertains to a
method of forming an antireflective coating on an
electronic device comprising (A) applying to an
electronic device an ARC composition comprising (i)
silsesquioxane resin having the formula where Ph is a
phenyl group; Me is a methyl group; R is selected from
a sulfurcontaining organic functional group; R' is
hydrogen atom or a hydrocarbon group having 1 to 



2 4 carbon atoms; R is selected from ester groups,
polyether groups, and polyethylene oxide groups; x has
a value of 0, 1 or 2; m has a value of 0.0 1 to 0.97;
n has a value of 0.0 1 to 0.97; o has a value of 0.01
to 0.97; p has a value of 0.01 to 0.97; q has a value
of 0 to 0.96; and m + n + o + p + q l ; and (ii) a
solvent, and (B) removing the solvent and curing the
silsesquioxane resin to form an antireflective coating
on the electronic device. DETAILED DESCRPTION OFTHE
INVENTION [0006] The silsesquioxane resins useful in
forming the antireflective coating have the
formulawhere Ph is a phenyl group; Me is a methyl
group; R is selected from a sulfurcontaining organic
functional group; R' is hydrogen atom or a hydrocarbon
group having I to 2 4 carbon atoms; R is selected from
ester groups, polyether groups, and polyethylene oxide
groups; x has a value of 0, 1 or 2; m has a value of
0.01 to 0.97; n has a value of 0.01 to 0.97; o has a
value of 0.01 to 0.97; p has a value of 0.01 to 0.97;
q has a value of 0 to 0.96; and m + n + o + p + q = l
. Typically m has a value of 0.02 to 0.7,
alternatively 0.05 to 0.15. Typically n has a value of
0.05 to 0.90, alternatively 0.10 to 0.30. Typically o
has a value of 0.05 to 0.90, alternatively 0.25 to
0.75. Typically p has a value of 0.02 to 0.20,
alternatively 0.05 to 0. 5. Typically q has a value of
0 to 0.25, alternatively 0 to 0. 15. [0007] In the
resin R is a sulfur-containing functional group. R may
be exemplified by, mercaptoalkyl groups having the
general formula HS(CH2)Z- where z has a value of 1 to
18, sulfide or polysulfido compounds having the
general formulas R S(CH2 )Z-, R SS(CH2)Z-, and R-
SSS(CH2)Z- where R- is a H atom, an C1-C4 alkyl group
such as methyl, ethyl or propyl or a aryl group such
as phenyl. R may be further exemplified by
mercaptopropyl, mercaptoethyl, and mercaptomethyl.
[0008] R' is independently a hydrogen atom or
hydrocarbon group having 1 to 4 carbon atoms. R' may
be exemplified by H, methyl, ethyl, propyl, iso-propyl
and butyl. 2 [0009] R is selected from ester groups,
polyether groups, and polyethylene oxide groups. Ester
groups may be any organic substituent containing at
least one ester functionality. Polyether groups are an
organic substituent having hydrocarbon units linked
through oxygen atom, represented, but not limited, by
the following structure: -(CH2 )a[O(CH2 )b]cOR\
wherein a = 2 to 12; b = 2 to 6; c = 2 to 200; R' = H,
alkyl, or other organic groups. Polyethylene oxide
groups are groups having at least one repeating unit
of -(CH2CH2O)Iwhere t is a number selected from 0 to
50. Examples of ester groups useful herein are
-(CH2)2-O-C(O)Me and -(CH2 )2 C(O)-OMe. Examples of
polyether groups useful herein are -(CH2)3-(OCH2CH2
)7-OMe, -(CH2)3-(OCH2CH2 )7-OH and -(CH2
)3-(OCH2CH2)7-OAc. Examples of polyethylene oxides
useful herein are-(CH 2)3-(OCH2CH2)t-OMe, -(CH
2)3-(OCH2CH2),-OC(O)Me, and -(CH 2)3-(OCH2CH2 )t-OH.
[0010] The typical method for producing the
silsesquioxane resin involves the hydrolysis and
condensation of the appropriate silanes. By this
method it is possible that residual -OH and/or -OR'
will remain in the silsesquioxane resin as a result of
incomplete hydrolysis or condensation. If the total
amount of units in the silsesquioxane resin containing
-OR' groups, exceed 40 mole% then gellation and
instability of the resin may occur. Typically the 



silsesquioxane resin contains less 5 mole% or units
containing -OR' groups, alternatively less than 1
mole%. [0011] The silsesquioxane resin has a weight
average molecular weight (Mw) in the range of 500 to
50,000 alternatively in the range of 2500 to 25,000,
alternatively in the range of 4,000 to 20,0000 as
determined by gel permeation chromatography employing
RI detection and polystyrene standards. [0012] The
silsesquioxane resins may be produced by methods known
in the art. For example, they may be produced by the
hydrolysis and condensation of a trichlorosi lanes
using the methods as set forth in U.S. Patent No.
6,281285 to Becker et al. and U.S. Patent No.
5,010,159 to Bank et al. Alternatively, the
silsesquioxane resins may be produced by the
hydrolysis and condensations of alkoxysilanes. [0013]
The silsesquioxane resin is typically produced in the
presence of a solvent. Any suitable organic or
silicone solvent that does not contain a functional
group which may participate in the hydrolysis and/ or
condensation reaction may be used in producing the
silsesquioxane resin. The solvent is generally used in
an amount of 40 to 98 weight percent based on the
total weight of solvent and silane reactants,
alternatively 70 to 90 weight percent. The reaction
may be carried out as a dual phase or single-phase
system. [0014] Useful organic solvents may be
exemplified by, but not limited to, saturated
aliphatics such as n-pentane, hexane, n-heptane, and
isooctane; cycloaliphatics such as cyclopentane and
cyclohexane; aromatics such as benzene, toluene,
xylene, mesitylene; ethers such as tetrahydrofuran,
dioxane, ethylene glycol dietheyl ether, ethylene
glycol dimethyl ether; ketones such as methylisobutyl
ketone (MIBK) and cyclohexanone; halogen substituted
alkanes such as trichloroethane; halogenated aromatics
such as bromobenzene andchlorobenzene; esters such as
propylene glycol monomethyl ether acetate (PGMEA),
isobutyl isobutyrate and propyl propronate. Useful
silicone solvents may be exemplified by, but not
limited to cyclic siloxanes such as
octamethylcyclotetrasiloxane, and
decamethylcyclopentasiloxane. A single solvent may be
used or a mixture of solvents may be used. [0015] The
reaction to produce the silsesquioxane resin can be
earned out at any temperature so long as it does not
cause significant gellation or cause curing of the
silsesquioxane resin. Typically the reaction is
carried out at a temperature in the range of 5 C to
150 C, with 50C to 100C suggested. [0016] The time to
form the silsesquioxane resin is dependent upon a
number of factors such as the temperature, the type
and amount of silane reactants, and the amount of
catalyst, if present. Typically the reaction time is
from several minutes to several hours. One skilled in
the art will be able to readily determine the time
necessary to complete the reaction. Catalysts that may
be used to facilitate the reaction include, but are
not limited to, nitric acid, sulfuric acid,
hydrochloric acid, and others. [0017] Following
completion of the reaction the catalyst may be
optionally removed. Methods for removing the catalyst
are well know in the art and would include
neutralization, stripping or water washing or
combinations thereof. The catalyst may negatively
impact the shelf life of the silicone resin especially
when in solution thus its removal is suggested. [0018]
In the process for making the silsesquioxane resin,
after the reaction is complete, volatiles may be
removed from the silsesquioxane resin solution under
reduced pressure. Such volatiles include alcohol
by-products, excess water, catalyst, hydrochloric acid
(chlorosilane routes) and solvents. Methods for
removing volatiles are known in the ait and 



include, for example, distillation. [0019] Following
the reaction to produce the silsesquioxane resin a
number of optional steps may be carried out to obtain
the silsesquioxane resin in the desired form. For
example, the silsesquioxane resin may be recovered in
solid form by removing the solvent. The method of
solvent removal is not critical and numerous methods
are well known in the art (e.g. distillation under
heat and/or vacuum). Once the silsesquioxane resin is
recovered in a solid form, the resin can be optionally
re-dissolved in the same or another solvent for a
particular use. Alternatively, if a different solvent,
other than the solvent used in the reaction, isdesired
for the final product, a solvent exchange may be done
by adding a secondary solvent and removing the first
solvent through distillation, for example.
Additionally, the resin concentration in solvent can
be adjusted by removing some of the solvent or adding
additional amounts of solvent. [0020] This invention
also pertains to an antireflective coating (ARC)
composition comprising (i) silsesquioxane resin having
the formula where Ph is a phenyl group; Me is a methyl
group; R is selected from a sulfurcontaining organic
functional group; R' is hydrogen atom or a hydrocarbon
group having 1 to 2 4 carbon atoms; R is selected from
ester groups, polyether groups, and polyethylene oxide
groups; x has a value of 0, 1 or 2; m has a value of
0.01 to 0.97; n has a value of 0.01 to 0.97; o has a
value of 0.01 to 0.97; p has a value of 0.01 to 0.97;
q has a value of 0 to 0.96; and m + n + o + p + q 1;
and (ii) a solvent. [0021] Useful solvents (ii)
include, but are not limited to, 1-methoxy-2-propanol,
propylene glycol monomethyl ethyl acetate and
cyclohexanone, among others. The ARC composition
typically comprises from about 10% to about 99.9 wt%
solvent based on the total weight of the ARC
composition, alternatively 80 to 95 wt %. [0022] The
ARC composition may comprise a free radical initiator
or other additives. Suitable free radical initiators
include peroxides and photoinitiators such as benzoyl
peroxide, dicumyl peroxide, azobisisobutyronitrile
(AIBN) and others. Typically the free radical
initiator is present in an amount of up to 1000 ppm,
alternatively 10 to 500 ppm, based on the total weight
of the ARC composition. The other additives may
include, but not limited to, photo-acid and
thermal-acid generators, photo-base and thermal-base
generators. [0023] The antireflective coating
compositions are formed by mixing together the
silsesquioxane resin, solvent, and optionally the free
radical initiator or other additive. Typically the
free radical initiator or other additive is added to
the coaling composition just prior to its use to
prevent premature curing.[0024] The antireflective
coating composition is applied to an electronic device
to produce a coated substrate. The solvent is removed
and the silsesquioxane resin is cured to produce the
antireflective coating on the electronic device.
[0025] Typically the electronic device is a
semiconductor device, such as silicon-based devices
and gallium arsenide-based devices intended for use in
the manufacture of a semiconductor component.
Typically, the device comprises at least one
semiconductive layer and a plurality of other layers
comprising various conductive, semiconductive, or
insulating materials. [0026] Specific methods for
application of the ARC composition to the electronic
device include, but are not limited to, spin-coating,
dip-coating, spay-coating, flow-coating,
screenprinting 



and others. The preferred method for application is
spin coating. Typically, coating involves spinning the
electronic device, at about 2000 RPM, and adding the
ARC composition to the surface of the spinning
electronic device. [0027] The solvent is removed and
the silsesquioxane resin is cured to form the
antireflective coating on the electronic device.
Curing generally comprises healing the coating to a
sufficient temperature for a sufficient duration to
lead to curing. Curing occurs when sufficient
crosslinking has taken place such that the
silsesquioxane resin is essentially insoluble in the
solvent from which it was applied. Curing may take
place for example by heating the coated electronic
device at 80 C to 450 C for 0.1 to 60 minutes,
alternatively 150 C to 275 C for of 0.5 to 5 minutes,
alternatively 200 C to 250 C for 0.5 to 2 minutes. Any
method of heating may be used during the curing step.
For example, the coated electronic device may be
placed in a quartz tube furnace, convection oven or
allowed to stand on hot plates. Alternatively, the
anti-reflective coating can be cured under ultraviolet
irradiation in the presence of photoactive additives,
such as photo-acid generator (PAG) or photobase
generators. [0028] To protect the silsesquioxane resin
of the coated composition from reactions with oxygen
or carbon during curing, the curing step can be
performed under an inert atmosphere. Inert atmospheres
useful herein include, but are not limited to nitrogen
and argon. By "inert" it is meant that the environment
contain less than 50 ppm and preferably less than 10
ppm of oxygen. The pressure at which the curing and
removal steps are carried out is not critical.The
curing step is typically carried out at atmospheric
pressure although sub or super atmospheric pressures
may work also. [0029] Once cured, the electronic
device comprising the anti-reflective coating can be
used in further substrate processing steps, such as
photolithography. When used in photolithography, a
resist image is formed over the anti-reflective
coating. The process for forming the resist image
comprises (a) forming a film of a resist composition
on top of the anti-reflective coating; (b) imagewise
exposing the resist film to radiation to produce an
exposed Him; and (c) developing the exposed film to
produce an image. The anti-reflective coatings on the
electronic device are particularly useful with resist
compositions that are imagewise exposed to ultraviolet
radiation having a wavelength of 157 nm to 365 nm,
alternatively ultraviolet radiation having a
wavelength of 157 nm or 193 nm. Once an image has been
produced in the resist film, then a pattern is etched
in the anti-reflective coating. Known etching
materials may be used to remove the anti-reflective
coating. Additional steps or removing the resist film
and remaining anti-reflective coating may be employed
to produce a device having the desired architecture.
[0030] The ARC coating compositions can be cured at
lower temperatures and they produce coatings that can
be removed by stripping solutions. It has been found
that the antirefleetive coatings produced herein have
better solvent (e.g. PGMEA) and TMAH resistance.
[0031] The following examples are included to
demonstrate embodiments of the invention. It should be
appreciated by those of skill in the art that the
techniques disclosed in the examples which follow
represent techniques discovered by the inventor to
function well in the practice of the invention, and
thus can be considered to constitute preferred modes
for its practice. However, those of skill in the art
should, in light of the present disclosure, appreciate
that many changes can be made in the specific
embodiments which are disclosed and still obtain a
like or similar result without departing from the
spirit and scope of the invention. 



EXAMPLES [0032] The following examples are included to
demonstrate preferred embodiments of the invention. It
should be appreciated by those of skill in the art
that the techniques disclosed in the examples which
follow represent techniques discovered by the inventor
to function wellin the practice of the invention, and
thus can be considered to constitute preferred modes
for its practice. However, those of skill in the art
should, in light of the present disclosure, appreciate
that many changes can be made in the specific
embodiments which are disclosed and still obtain a
like or similar result without departing from the
spirit and scope of the invention. All percentages are
in wt. %. Examples 1-12 [0033] The amounts of
reactants used is given in Tables 1. A mixture of
PGMEA, phenyltrichlorosiiane (Silane 1),
trichlorosilane (Silane 2), methyltrichlorosilane
(Silane 3), and 2-(carbomethoxy)ethyItrichlorosilane
(Silane 4) and mercaptopropyltrimethoxysilane (Silane
5) were added to a reactor under nitrogen. A solution
of PGMEA and of water was added to the solution of
trichlorosi lanes over a 90 minute period. The
reaction was allowed to body, stirring at 20C for
another hour. The resulting reaction product was water
or water/ethyl acetate washed and separated. Ethanol
was then added to the resin solution and the solution
was stripped to approximately 22 wt% Cold n-hexane was
then added to the solution and the bottom layer was
collected. Additional PGMEA was added and the solution
was stripped to <10 wt% solids in PGMEA. The solution
was diluted to 10 wt% with additional PGMEA. The
solution was filtered through a 0.20 micron PTFE
filter. A resin with the general formula
T(H)T(Me)T(Ph)T(R )T(R) was produced. Results are
given in Table 2. Run 4/5 was carried out as one run
and the product was fractionated to obtain two resins
with different Mw. Table 1: Amount of reactants
(grams).RADIO FREQUENCY (RF) INTEGRATED CIRCUIT (IC)
PACKAGES WITH INTEGRATED APERTURE-COUPLED PATCH
ANTENNA(S) Field of the Invention The present
invention generally relates to communications
circuitry, and, more particularly, to radio frequency
(RF) integrated circuit (IC) packages. Background of
the Invention In a wireless network, the connectivity
and communication between devices is achieved through
antennas attached to receivers or transmitters, in
order to radiate the desired signals to or from other
elements of the network. In radio communication
systems, such as millimeter-wave radios, discrete
components are usually assembled with low integration
levels. These systems are often assembled using
expensive and bulky waveguides and package-level or
board-level microstrip structures to interconnect
semiconductors and their required transmitter- or
receiver-antennas. With recent progress in
semiconductor technology and packaging engineering,
the dimensions of these radio communication systems
have become smaller. For applications such as wireless
universal serial bus (USB), the operating distance is
limited to about a meter; and a single antenna with
about 7 dBi at 60 GHz will provide the necessary
antenna gain. For distances as long as 10 meters (such
as wireless video) or longer (such as radar), in
point-to-point applications, antenna gains as high as
30 dBi, depending on the application, are required.
However, high gain antennas for wireless video
applications have very narrow beam widths, so pointing
the antenna is very difficult for consumers.
Therefore, a radiation pattern steerable array (also a
phased array) is necessary. Phased arrays are also
widely 



used in military radars. However, packaging RF chips
with integrated antennas or phased arrays is extremely
difficult and very expensive due to the expensive
components and extensive labor involved. Summary of
the Invention Principles of the present invention
provide techniques for implementing RF IC packages
with integrated aperture-coupled patch antennas.In an
exemplary embodiment, according to one aspect of the
invention, a radiofrequency integrated circuit chip
package with at least one integrated aperture-coupled
patch antenna includes at least one generally planar
patch and at least one generally planar ground plane
spaced inwardly from the generally planar patch and
substantially parallel thereto. The ground plane is
formed with at least one coupling aperture slot
therein. The slot is substantially opposed to the
patch. Also included are at least one feed line spaced
inwardly from the ground plane and substantially
parallel thereto, at least one radio frequency chip
spaced inwardly from the feed line and coupled to the
feed line and the ground plane, and a first substrate
layer spaced inwardly from the feed line. The first
substrate layer is formed with a chip-receiving
cavity. The chip is located in the chip-receiving
cavity. One or more embodiments of the invention are
suitable for automatic processes and reduce the number
of components previously involved with packaging
antennas. These and other objects, features and
advantages of the present invention will become
apparent from the following detailed description of
illustrative embodiments thereof, which is to be read
in connection with the accompanying drawings. Brief
Description of the Drawings FIG. 1 shows an exemplary
embodiment of a package, in cross section, according
to an aspect of the invention; FIG. 2 shows an
exemplary embodiment of another package, in cross
section, according to another aspect of the invention;
FIG. 3 shows an exemplary embodiment of yet another
package, in cross section, according to yet another
aspect of the invention; FIG. 4 is a bottom view of an
exemplary package with no reflector or an embedded
reflector; FIG. 5 is a bottom view of an exemplary
package with a visible reflector; and FIG. 6 is a
bottom view of an exemplary planar phased array
embodiment.Detailed Description of Preferred
Embodiments One or more embodiments of the invention
provide an apparatus and method for low cost packages
with integrated antennas and phased arrays operating
in the millimeter wave (mmWave) range. An exemplary
inventive package with integrated antennas is based on
a multilayer printed circuit board (PCB). The package
contains multiple cavities for implementing high
performance antenna(s) or antenna arrays and housing
mmWave radio frequency (RF) integrated circuit chips.
One or more embodiments of the invention also provide
techniques to overcome the difficulties in making
internal cavities and to avoid the need to employ wire
bond technology at mmWave frequencies. Embodiments of
the inventive packaging technology are consistent with
the PCB manufacturing process and can be used for
packages with an integrated antenna or antenna array.
Instances of the invention thus provide low cost
packaging with integrated antennas or planar phased
arrays; in particular, chip packaging with integrated
antennas or planar phased array designs for mmWave
frequencies and above. 



Typical chip packages with integrated antennas have
three major parts: (i) an RF chip, (ii) one or more
antennas, and (iii) a package carrier (and in some
instances, a package lid or cover, or an encapsulant
to protect the package). One or more embodiments of
the invention provide a package that has high
performance antennas, an interface for flip-chipping
an RF chip and an interface for flip-chipping the
package to a printed circuit mother board. FIG. 1
shows a cross-sectional view of an exemplary package
100, according to an aspect of the invention. Note
that section lining is omitted for clarity. The
package has seven total layers, including substrate
and bounding layers. For mmWave applications,
especially for frequencies above 60 GHz, bounding film
and/or layer thickness has to be considered in the
design process. Given the teachings herein, a person
having ordinary skill in the antenna and packaging
arts will know how to take the thickness into account
and how to employ high precision PCB fabrication
techniques to make embodiments of the invention. The
package 100 also has a number of metal layers. In
particular, there is an outermost substrate 102.
Immediately inward therefrom is a metal layer used for
the patch(es) 104 of the patch antenna(s). Inward of
the substrate 102 and patch antenna 104 (only a single
antenna is depicted in FIG. 1, but more can beprovided
as discussed below) are a bound film layer 106,
another substrate layer 108, and another bound film
layer 109. Another metal layer, inward of bound film
109, is used for the ground plane 110 of the patch
antenna. Slot(s) 113 on the ground plane are used for
the apertures of the aperture-coupled patch antennas.
The ground plane 110 also separates the radiating
elements (patches) 104 from the feed line(s) and the
RF chip(s), discussed below. Another substrate 112 is
inward from ground plane 110. Another metal layer is
inward from substrate 112 and is used to implement the
antenna feed line(s) 114, pads 116, 118, 120 for RF
chip connections (preferably a flip-chip/C4
("controlled collapse chip connection") type of
connection), and interconnection(s) 122 (as
appropriate) to one or more vias, such as via 124, in
a further bound film layer 126 inward of the metal
layer forming feed line 114, and a further substrate
128 inward of bound film 126. A still further metal
layer provides all the pads for signal, control, power
supply, and ground connections to the mother PCB (the
mother PCB is omitted from the figure for clarity).
Pads may include ground pad 130 interconnected with
ground plane 110 through ground via 140, as well as
one or more of signal, power, and control pads
exemplified by pad 132 connected to interconnection
122 and antipad 142 by via 124. The vias may be, for
example, plated through holes. Package pads 134 may
also be provided. Depending on the patch antenna
design, an optional reflector 144 can also be
implemented on the same metal layer as the pads 130,
132, 134. In some instances, as discussed below, the
reflector 144 is embedded. To implement the flip-chip
approach, the chip 162 preferably has a plurality of
solder dots connected directly to the chip connection
pads 116, 118, 120. To enhance the patch antenna
bandwidth, patches may be air suspended or supported
with a foam material with a dielectric constant close
to one at low frequency applications. However, at
mmWave frequencies, especially for package
applications, air suspended or foam supported patches
are not realistic. Thus, in one or more embodiments of
the invention, an air cavity 150 can be implemented in
the packages. To avoid issues from hot gases during
the PCB manufacturing process, vent hole(s) 152 can be
employed. 



These holes can be designed such that they have little
effect on the antenna performance. For example, hole
152 can be located near the middle of the cavity 150
or close to theedge of the cavity 150, and can be made
relatively small, consistent with adequate venting.
The vent holes can be on the top (outermost part of)
the cavity 150 as shown in FIG. 1 or on the side of
the cavity as discussed below, depending on the
manufacturing process used. The ground plane 110 is
also used for making ground connections through vias
(e.g., via 140) and signal, power, and control
connections through vias and antipads (e.g., via 124
with antipad 142, illustrative of a via with antipad
that could be used for signal, power, or control
functionality). Antipads are beneficial from a
manufacturing standpoint, and result in increased
reliability, as it is difficult to achieve reliability
in partial vias (i.e., vias such as via 124 that do
not extend completely through a structure) without use
of antipads. An open chip-receiving cavity or socket
160 is realized in the substrate 128 and bound film
126. This socket is used to hold the RF chip 162. The
chip is attached to the package through flip-chip
bonding. Note that all the mmWave components
(antennas, power amplifiers, low noise amplifiers, and
the like) are in the package 100. Vias 124, 140 are
used to pass through DC or much lower frequency
signals. The package 100 may advantageously be
attached to the mother board (not shown) through a
ball grid array (BGA). FIG. 2 shows an embodiment
substantially similar to embodiment 100 except that
reflector 144 is encapsulated by an additional bound
layer 170 inward of reflector 144 and an additional
substrate 172 inward of bound layer 170. Similar items
have received the same reference number and will not
be described again. Chip receiving socket 160 is also
formed in substrate 172 and bound layer 170 in this
embodiment. FIG. 3 shows an embodiment substantially
similar to embodiment 200 except that vent 352 runs
sideways through layer 108 so as to vent cavity 150.
Similar items have received the same reference number
and will not be described again. FIG. 4 presents a
bottom view 400 where chip 162 is encapsulated with
encapsulant 402. The chip can be partially or
completely encapsulated, for example, for purposes of
resisting humidity. A plurality of outer pads 404 may
correspond, for example, to attachment, heat
conduction, or ground pads such as pad 130, while
aplurality of inner pads 406 may correspond, for
example, to signal, control, or power pads such as pad
132. In FIG. 4, there is no reflector or the reflector
is embedded. FIG. 5 shows a view 500 similar to view
400 but of a package with a reflector 144, such as in
FIG. 1. Similar items have received the same reference
number and will not be described again. FIG. 6 shows
an exemplary package 600 with a 2x2 planar phased
array layout. It is possible to have more than two
antennas on each row. This basic 2x2 array can be used
to form much larger arrays. In addition to first
antenna patch 104 with first feed line 114, also
included are second, third and fourth antenna patches
602, 604, 606 with corresponding second, third and
fourth feed lines 608, 610, 612. Each feed line is
connected to chip 162 as described above. Although,
for purposes of illustrative convenience, the feed
lines are shown ending at the patches in FIG. 6, it
will be appreciated that they may overlap same when
viewed in top or bottom plan views, and are spaced
from the corresponding patch and coupling aperture
when viewed in crosssection 



as shown in FIGS. 1-3. It will thus be appreciated
that aspects of the invention include a package with a
socket for an RF chip, and a planar antenna. In one or
more instances, the RF chip is flipchip attached to
the package. Internal cavities can be used to improve
the patch bandwidth. Venting holes can be used to
remove the hot gases during the PCB manufacturing
process. The package can be attached to the mother PCB
through a BGA. The package can implement a planar
phased array. In view of the discussion of FIGS. 1-6,
it will be appreciated that, in general terms, an
aperture-coupled patch antenna package, according to
an aspect of the invention, can include at least one
generally planar patch, such as patch 104. Also
included is at least one generally planar ground
plane, such as plane 110, spaced inwardly from the
generally planar patch 104 and substantially parallel
thereto. The ground plane is formed with at least one
coupling aperture slot, such as slot 113, therein. The
slot 113 is substantially opposed to the patch 104. At
least one feed line, such as line 114, is spaced
inwardly from the ground plane 110 and is
substantially parallel thereto. At least one radio
frequency chip, such as chip 162, is spaced inwardly
from the feed line 114 and is coupled to the feed line
114 and the ground plane 110. Also included is a
firstsubstrate layer, such as that formed by bound
film 126 and substrate 128, spaced inwardly from the
feed line 114. The first substrate layer is formed
with a chip-receiving cavity, such as cavity 160. The
chip 162 is located in the chip-receiving cavity 160.
Given the description herein, a person skilled in the
PCB and antenna arts can make embodiments of the
invention. Non-limiting examples of materials that may
be used include thermoset plastic/ceramic/woven glass
or similar laminates such as the Rogers RO4000(r)
series of materials (and other compatible materials)
available from Rogers Corporation of Rogers,
Connecticut USA, as well as copper for metal layers,
possibly gold-plated on pads or other exposed areas.
It will be appreciated that advantageously,
embodiments of the invention, such as 100, 200, and
300, provide a complete package and not a mere patch
antenna separate from the chip and other packaging.
Note that vias such as 124, 140 may be formed, for
example, using plated through holes. Embodiments of
the invention may also include a second substrate
layer, such as that formed by substrate 108 and bound
films 106, 109, interposed in a region between the
ground plane 110 and a plane defined by the patch 104.
The patch 104 may be advantageously formed in a first
metal layer and the ground plane 110 may be
advantageously formed in a second metal layer. In one
or more embodiments, a third substrate layer, such as
that formed by substrate 112, is interposed in a
region between the ground plane 110 and the feed line
114. The feed line 114 may be advantageously formed in
a third metal layer. Further, one or more packages in
accordance with embodiments of the invention may
include at least one via, such as via 190, formed in
the third substrate layer 112 and coupled to the
ground plane 110. A plurality of chip connection pads,
such as pads 116, 118, 120, can be formed in the third
metal layer. At least one of the chip connection pads,
such as 118, can be coupled to the at least one via
190 in the third substrate layer. The chip connection
pads couple the chip to the feed line 114 (pad 120),
the via 190 (pad 118) and the via 124 (pad 116). 



One or more embodiments of the invention may include
one or more signals pads, one or more control pads,
and one or more power supply pads, all of which
areexemplified by pad 132, as well as one or more
ground pads, such as 130. The signal, control, power
supply and ground pads are advantageously formed in a
fourth metal layer. As noted, package pads 134 can
optionally be provided. Also included in one or more
embodiments is at least one ground via, such as 140,
coupling the ground plane 110 and the ground pad 130.
The at least one ground via 140 passes through the
first and third substrate layers (e.g., substrate 112,
bound film 126, and substrate 128), in a region not
intersecting the feed line 114. One or more
embodiments include at least one each of power,
signal, and control antipads, such as antipad 142,
formed substantially coplanar with the ground plane
110. At least one signal via couples the signal
antipad and the signal pad, and passes through the
first and third substrate layers. Similarly, at least
one power via couples the power antipad and the power
pad, and passes through the first and third substrate
layers. Furthermore, at least one control via couples
the control antipad and the control pad, and passes
through the first and third substrate layers. As
noted, pad 132, via 124, and antipad 142 are
illustrative of pad, via, and antipad elements that
may be provided for power, signal, and control
functionality. As also noted, in some instances, a
reflector, such as 144, is spaced inwardly from the
third substrate layer and is generally opposed to the
coupling aperture slot 113. The reflector can be
located on an inner surface of the first substrate
layer (e.g., inmost surface of substrate 128). The
reflector can be exposed, as in FIG. 1, or embedded,
as in FIGS. 2 and 3, in which case the package can
include a fourth substrate layer, such as that formed
by bound film 170 and substrate 172, spaced inwardly
from the reflector 144. The reflector can thus be
embedded between the first and fourth substrate
layers. Advantageously, the second substrate layer,
such as that formed by films 106, 109 and substrate
108, is formed with an air cavity, such as cavity 150,
therein. Air cavity 150 is located between the patch
104 and the coupling aperture slot 113 in the ground
plane 110. Preferably, the air cavity is formed in
communication with a vent, such as vent 152 or 352. In
the latter case, as in FIG. 3, the vent 352 is formed
in the first substrate layer; in particular, in
substrate 108. In the former case, vent 152 is formed
in an additional substrate layer, such as that formed
by substrate 102, spaced outwardly from the patch 104.
The patch is formed on the additional substrate layer
102, and the vent is formed in the additional
substrate layer 102.As noted with regard to FIG. 6, in
one or more embodiments of the invention, one or more
planar phased arrays are implemented. Thus, in general
terms, the abovediscussed patch 104 may be designated
as a first patch, and the above-discussed feed line
114 is a first feed line. The ground plane can be
formed with one or more additional coupling aperture
slots, like slot 113. The package can include one or
more additional generally planar patches, such as
patches 602, 604, 606, spaced outwardly from the
ground plane. The additional slots can be
substantially opposed to the additional patches. The
package can also include one or more additional feed
lines, such as lines 608, 610, 614, spaced inwardly
from the ground plane and substantially parallel
thereto. The at least one radio frequency chip 162 is
coupled to the additional feed line(s) and the first
patch and additional patch(es) are arranged to form a
planar phased array. A single large ground plane with
multiple slots can be employed in phased array
embodiments. A phased array can include any number of
patches greater than or equal to two; however, powers
of two are advantageous, e.g., 2, 4, 8, 16, 32, and so
on. 



It will be appreciated and should be understood that
the exemplary embodiments of the invention described
above can be implemented in a number of different
fashions. Given the teachings of the invention
provided herein, one of ordinary skill in the related
art will be able to contemplate other implementations
of the invention. Although illustrative embodiments of
the present invention have been described herein with
reference to the accompanying drawings, it is to be
understood that the invention is not limited to those
precise embodiments, and that various other changes
and modifications may be made by one skilled in the
art without departing from the scope of spirit of the
invention.Claims What is claimed is: 1. A
radio-frequency integrated circuit chip package with
at least one integrated aperture-coupled patch
antenna, said package comprising: at least one
generally planar patch; at least one generally planar
ground plane spaced inwardly from said generally
planar patch and substantially parallel thereto, said
ground plane being formed with at least one coupling
aperture slot therein, said slot being substantially
opposed to said patch; at least one feed line spaced
inwardly from said ground plane and substantially
parallel thereto; at least one radio frequency chip
spaced inwardly from said feed line and coupled to
said feed line and said ground plane; and a first
substrate layer spaced inwardly from said feed line,
said first substrate layer being formed with a
chip-receiving cavity, said chip being located in said
chip-receiving cavity. 2. The package of Claim 1,
further comprising a second substrate layer interposed
in a region between said ground plane and a plane
defined by said patch, wherein said patch is formed in
a first metal layer and said ground plane is formed in
a second metal layer. 3. The package of Claim 2,
further comprising a third substrate layer interposed
in a region between said ground plane and said feed
line, wherein said feed line is formed in a third
metal layer. 4. The package of Claim 3, further
comprising: at least one via formed in said third
substrate layer and coupled to said ground plane; and
a plurality of chip connection pads formed in said
third metal layer, at least one of said chip
connection pads being coupled to said at least one via
in said third substratelayer, said chip connection
pads coupling said chip to said feed line and said at
least one via in said third substrate layer. 5. The
package of Claim 4, further comprising: at least one
signal pad; at least one control pad; at least one
power supply pad; and at least one ground pad; wherein
said signal, control, power supply and ground pads are
formed in a fourth metal layer. 6. The package of
Claim 5, further comprising: at least one ground via
coupling said ground plane and said ground pad, said
at 



least one ground via passing through said first and
third substrate layers, in a region not intersecting
said feed line; at least power, signal, and control
antipads formed substantially coplanar with said
ground plane; at least one signal via coupling said
signal antipad and said signal pad, said at least one
signal via passing through said first and third
substrate layers; at least one power via coupling said
power antipad and said power pad, said at least one
power via passing through said first and third
substrate layers; and at least one control via
coupling said control antipad and said control pad,
said at least one control via passing through said
first and third substrate layers. 7. The package of
Claim 3, further comprising a reflector spaced
inwardly from said third substrate layer and generally
opposed to said coupling aperture slot. 8. The package
of Claim 7, wherein said reflector is located on an
inner surface of said first substrate layer.9. The
package of Claim 8, further comprising a fourth
substrate layer spaced inwardly from said reflector,
said reflector being embedded between said first and
fourth substrate layers. 10. The package of Claim 7,
wherein said second substrate layer is formed with an
air cavity therein, said air cavity being located
between said patch and said coupling aperture slot in
said ground plane. 11. The package of Claim 10,
wherein said air cavity is formed in communication
with a vent. 12 The package of Claim 11, wherein said
vent is formed in said first substrate layer. 13. The
package of Claim 11, further comprising an additional
substrate layer spaced outwardly from said patch, said
patch being formed on said additional substrate layer,
said vent being formed in said additional substrate
layer. 14. The package of Claim 3, wherein said second
substrate layer is formed with an air cavity therein,
said air cavity being located between said patch and
said coupling aperture slot in said ground plane. 15.
The package of Claim 1, wherein: said at least one
patch is a first patch; said at least one feed line is
a first feed line; and said ground plane is formed
with at least a second coupling aperture slot; said
package further comprising: at least a second
generally planar patch spaced outwardly from said
ground plane, said second slot being substantially
opposed to said second patch; and at least a second
feed line spaced inwardly from said ground plane and
substantially parallel thereto;wherein said at least
one radio frequency chip is coupled to said second
feed line and wherein said first and second patches
are arranged to form a planar phased array. 


