
WIRELESS LOCAL AREA NETWORK  COMMUNICATIONS MODULE AND
INTEGRATED CHIP PACKAGE BACKGROUND [0001] The present
invention relates generally to devices for wireless
communications. More particularly, the present
invention relates to a wireless local  area network
communications module and integrated circuit package.
SUMMARY [0002] In general, in one aspect, the
invention features a wireless local area network
module comprising: an antenna to receive first
orthogonal frequency-division  multiplexing (OFDM)
signals, and to transmit second OFDM signals; a
communication circuit comprising an OFDM demodulator
to produce first digital data  based on the first OFDM
signals, and an OFDM modulator to produce the second
OFDM signals based on second digital data; a host
interface to provide the first  digital data to a
host, and to receive the second digital data from the
host; an external  antenna interface to receive the
first OFDM signals from, and to transmit the second
OFDM signals to, an external antenna; at least one
switch to provide a signal path for  the first and
second OFDM signals between the communication circuit
and one of the  antenna and the external antenna
interface in accordance with a control signal; and a
printed circuit board, wherein the antenna, the
communication circuit, and the  external antenna
interface are arranged on the printed circuit board.
Some  embodiments comprise anintegrated circuit
comprising the communication circuit  and the external
antenna interface. [0003] In general, in one aspect,
the invention features a wireless local area network
module comprising means for receiving first orthogonal
frequency-division  multiplexing (OFDM) signals, and
for transmitting second OFDM signals; means for
communicating comprising OFDM demodulator means for
producing first digital  data based on the first OFDM
signals, and OFDM modulator means for producing the -1
*G00002* second OFDM signals based on second digital
data; host interface means for  



providing the first digital data to a host, and for
receiving the second digital data  from, the host;
external antenna interface means for receiving the
first OFDM signals  from, and for transmitting the
second OFDM signals to, an external antenna; and at
least one switch means for providing a signal path for
the first and second OFDM  signals between the means
for communicating and one of the means for receiving
and  the external antenna interface means in
accordance with a control signal. Some  embodiments.
-comprise integrated circuit means comprising the
means for  communicating and the external antenna
interface means. [0004] In general, in one aspect, the
invention features an integrated circuit package
comprising: at least one integrated circuit comprising
a wireless local area network  communication circuit
comprising an orthogonal frequency-division
multiplexing  (OFDM) demodulator to produce first
digital data based on first OFDM signals, and  an OFDM
modulator to produce second OFDM signals based on
second digital data;  a package substrate electrically
coupled to the at least one integrated circuit; and a
heat sink thermally coupled to the at least one
integrated circuit, the heat sink  comprising an
antenna to receive the first OFDM signals, and to
transmit the second  OFDM signals, the antenna
electrically coupled to the wireless communication
circuit. [0005] Some embodiments comprise a method of
forming an integrated circuit  package, comprising:
providing at least one integrated circuit having a
plurality of  conductors, the at least one integrated
circuit comprising a wireless communication  circuit
comprising an orthogonal frequency-division
multiplexing (OFDM)  demodulator to produce first
digital data based on first OFDM signals, and an OFDM
modulator to produce second OFDM signals based on
second digital data; electrically  coupling the
conductors on the at least one integrated circuit to a
package substrate;  providing a heat sink comprising
an antenna to receive the first OFDM signals, and to
transmit the second OFDM signals; electrically
coupling the antenna to the wireless  communication
circuit; and thermally coupling the at least one
integrated circuit to  the heat sink. [0006] In
general, in one aspect, the invention features an
integrated circuit package  comprising: at least one
integrated circuit comprising a wireless communication



-2 circuit comprising an orthogonal frequency-division
multiplexing (OFDM)  demodulator to produce first
digital data based on first OFDM signals, and an OFDM
modulator to produce second OFDM signals based on
second digital data; an  intermediate substrate
electrically coupled to the at least one integrated
circuit, the  intermediate substrate comprising an
antenna to receive the first OFDM signals, and  to
transmit the second OFDM signals, the antenna
electrically coupled to the wireless  communication
circuit; and a package substrate electrically coupled
to the  intermediate substrate. [0007] Some
embodiments comprise a method of forming an integrated
circuit  package, comprising: providing at least one
integrated circuit having a plurality of  conductors,
the at least one integrated circuit comprising a
wireless communication  circuit comprising an
orthogonal frequency-division multiplexing (OFDM)
demodulator to produce first digital data based on
first OFDM signals, and an OFDM  modulator to produce
second OFDM signals based on second digital data;
providing  an intermediate substrate comprising an
antenna to receive the first OFDM signals,  and to
transmit the second OFDM signals; electrically
coupling the antenna to the  wireless communication
circuit; electrically coupling the conductors on the
at least  one integrated circuit to the intermediate
substrate; and electrically coupling the  intermediate
substrate to a surface of a package substrate. [0008]
In general, in one aspect, the invention features an
integrated circuit package  comprising: at least one
integrated circuit comprising a wireless communication
circuit comprising an orthogonal frequency-division
multiplexing (OFDM)  demodulator to produce first
digital data based on first OFDM signals, and an OFDM
modulator to produce second OFDM signals based on
second digital data; and a  package substrate
electrically coupled to the at least one integrated
circuit, the  package substrate comprising an antenna
to receive the first OFDM signals, and to  transmit
the second OFDM signals, the antenna electrically
coupled to the wireless  communication circuit. [00093
In general, in one aspect, the invention features a
method of forming an  integrated circuit package,
comprising: providing at least one integrated circuit



having a plurality of conductors, the at least one
integrated circuit comprising a  wireless
communication circuit comprising an orthogonal
frequency-division -3 multiplexing (OFDM) demodulator
to produce first digital data based on first OFDM
signals, and an OFDM modulator to produce second OFDM
signals based on second  digital data; electrically
coupling the conductors on the at least one integrated
circuit  to a package substrate comprising an antenna
to receive the first OFDM signals, and  to transmit
the second OFDM signals; and electrically coupling the
antenna to the  wireless communication circuit. [0010]
In general, in one aspect, the invention features an
integrated circuit package  comprising: at* least one
integrated circuit comprising a wireless communication
circuit comprising an orthogonal frequency-division
multiplexing (OFDM)  demodulator to produce first
digital data based on first OFDM signals, and an OFDM
modulator to produce second OFDM signals based on
second digital data; and a case  comprising an antenna
to receive the first OFDM signals, and to transmit the
second  OFDM signals, the antenna electrically coupled
to the wireless communication  circuit. [0011] In
general, in one aspect, the invention features a
method of forming an  integrated circuit package,
comprising: providing at least one integrated circuit
comprising a wireless communication circuit comprising
an orthogonal frequency- division multiplexing (OFDM)
demodulator to produce first digital data based on
first  OFDM signals, and an OFDM modulator to produce
second OFDM signals based on  second digital data;
providing a case comprising an antenna to receive the
first  OFDM signals, and to transmit the second OFDM
signals; encasing the at least one  integrated circuit
within the case; and electrically coupling the antenna
to the wireless  communication circuit. [0012] In
general, in one aspect, the invention features a
wireless radio-frequency  (RF) module comprising an
antenna to receive first RF signals, and to transmit
second  RF signals; a communication circuit comprising
a receive circuit to produce first  digital data based
on the first RF signals, and a transmit circuit to
produce the second  RF signals based on second digital
data; a host interface to provide the first digital  



data to a host, and to receive the second digital data
from the host; an external  antenna interface to
receive the first RF signals from, and to transmit the
second RF  signals to, an external antenna; and at
least one switch to provide a signal path for the -4
first and second RF signals between the communication
circuit and one of the antenna  and the external
antenna interface in accordance with a control signal.
[0013] Some embodiments comprise an integrated circuit
comprising the  communication circuit and the external
antenna interface. In some embodiments, the
communication circuit comprises: an OFDM demodulator
to produce first digital data  based on the first OFDM
signals, and an OFDM modulator to produce the second
OFDM signals based on second digital data. In some
embodiments, a wireless local  area network module
comprises the wireless RF module. In some embodiments
the  host interface complies with at least one
specification selected from the group  comprising
Peripheral Component Interconnect (PCI); PCI Express;
Mini PCI; PC  card; Universal Serial Bus; and
Firewire. Some embodiments comprise a printed  circuit
board having the antenna, the communication circuit,
and the external antenna  interface arranged thereon.
a printed circuit board having the antenna mounted
thereon. Some embodiments comprise a printed circuit
board comprising the antenna,  and having the
communication circuit and the external antenna
interface arranged  thereon. Some embodiments comprise
a memory to store the control signal. In some
embodiments, the communication circuit is compliant
with at least one standard  selected from the group
consisting of IEEE standards 802.11, 802.11a, 802.11b,
802.11 g, 802.11n, 802.16, and 802.20. [0014] In
general, in one aspect, the invention features a
wireless radio-frequency  (RF) module comprising:
means for receiving first RF signals, and for
transmitting  second RF signals; means for
communicating comprising receive means for  producing
first digital data based on the first RF signals, and
transmit means for  producing the second RF signals
based on second digital data; host interface means
for providing the first digital data to a host, and
for receiving the second digital data  from the host;
external antenna interface means for receiving the
first RF signals  from, and for transmitting the
second RF signals to, an external antenna; and at
least  



one switch means for providing a signal path for the
first and second RF signals  between the means for
communicating and one of the means for receiving and
the  external antenna interface means in accordance
with a control signal. [0015] Some embodiments
comprise integrated circuit means comprising the means
for communicating and the external antenna interface
means. In some embodiments, -5 the means for
communicating comprises: OFDM demodulator means for
producing  first digital data based on the first OFDM
signals, and OFDM modulator means for  producing the
second OFDM signals based on second digital data. In
some  embodiments, A wireless local area network
module comprises the wireless RF  module of claim. In
some embodiments the host interface complies with at
least one  specification selected from the group
comprising Peripheral Component Interconnect  (PCI);
PCI Express; Mini PCI; PC card; Universal Serial Bus;
and Firewire. Some  embodiments comprise printed
circuit board means having the antenna means, the
means for communicating, and the external antenna
interface means arranged thereon.  Some embodiments
comprise printed circuit board means comprising the
antenna  means, and having the means for communicating
and the external antenna interface  means arranged
thereon. Some embodiments comprise means for storing
the control  signal. In some embodiments, the means
for communicating is compliant with at least  one
standard selected from the group consisting of IEEE
standards 802.11, 802.11a,  802.1 1b, 802.11 g, 802.1
In, 802.16, and 802.20. [0016] In general, in one
aspect, the invention features an integrated circuit
package  comprising: at least one integrated circuit
comprising a wireless communication  circuit; a
package substrate electrically coupled to the at least
one integrated circuit;  and a heat sink thermally
coupled to the at least one integrated circuit, the
heat sink  comprising an antenna electrically coupled
to the wireless communication circuit. [0017] In some
embodiments, the wireless communication circuit
comprises: an  orthogonal frequency-division
multiplexing (OFDM) demodulator to produce first
digital data based on first OFDM signals received by
the antenna, and an OFDM  modulator to produce second
OFDM signals based on second digital data, wherein
the second OFDM signals are transmitted by the
antenna. In some embodiments, the  



at least one integrated circuit comprises a first
surface and a second surface; wherein  the package
substrate is electrically coupled via conductive bumps
to the first surface  of the at least one integrated
circuit; and wherein the heat sink is thermally
coupled to  the second surface of the at least one
integrated circuit. In some embodiments, a flip  chip
ball grid array package comprises the integrated
circuit package. In some  embodiments, the at least
one integrated circuit comprises: a first integrated
circuit  comprising a media access controller and
baseband circuit; and a second integrated  circuit
comprising a physical-layer device. In some
embodiments, the wireless -6 communication circuit
comprises: a receive circuit to produce first baseband
signals  based on first RF signals received by the
antenna; and a transmit circuit to produce  second RF
signals based on second baseband signals, wherein the
second RF signals  are transmitted by the antenna. In
some embodiments, wherein the first baseband  signals
comprise first digital data; and wherein the second
baseband signals comprise  second digital data. In
some embodiments, wherein the antenna has a length
that is a  vulgar fraction of a wavelength of the
first and second RF signals. In some  embodiments,
-the wireless communication circuit is compliant with
at least one  standard selected from the group
consisting of IEEE standards 802.11, 802.11a,
802.11b, 802.11g, 802.11n, 802.16, and 802.20. [0018]
In general, in one aspect, the invention features a
method of forming an  integrated circuit package,
comprising: providing at least one integrated circuit
having a plurality of conductors, the at least one
integrated circuit comprising a  wireless
communication circuit; electrically coupling the
conductors on the at least  one integrated circuit to
a package substrate; providing a heat sink comprising
an  antenna; electrically coupling the antenna to the
wireless communication circuit; and  thermally
coupling the at least one integrated circuit to the
heat sink. [0019] In some embodiments, providing at
least one integrated circuit comprises:  providing a
first integrated circuit comprising a media access
controller and baseband  circuit; and providing a
second integrated circuit comprising a physical-layer
device. [0020] In general, in one aspect, the
invention features an integrated circuit package
comprising: at least one integrated circuit comprising
a wireless communication  



circuit; an intermediate substrate electrically
coupled to the at least one integrated  circuit, the
intermediate substrate comprising an antenna
electrically coupled to the  wireless communication
circuit; and a package substrate electrically coupled
to the  intermediate substrate. [0021] In some
embodiments, the wireless communication circuit
comprises: an  orthogonal frequency-division
multiplexing (OFDM) demodulator to produce first
digital data based on first OFDM signals received by
the antenna, and an OFDM  modulator to produce second
OFDM signals based on second digital data, wherein
the second OFDM signals are transmitted by the
antenna. In some embodiments, the  intermediate
substrate is electrically coupled via conductive bumps
to a surface of the - 7 at least one integrated
circuit; and wherein a surface of the package
substrate is  electrically coupled to the intermediate
substrate by a plurality of bonding wires. In  some
embodiments, a flip chip ball grid array package
comprises the integrated  circuit package. In some
embodiments, the at least one integrated circuit
comprises: a  first integrated circuit comprising a
media access controller and baseband circuit; and  a
second integrated circuit comprising a physical-layer
device. In some embodiments,  the wireless
communication circuit comprises: a receive circuit to
produce first  baseband signals based on first RF
signals received by the antenna; and a transmit
circuit to produce second RF signals based on second
baseband signals, wherein the  second RF signals are
transmitted by the antenna. In some embodiments, the
first  baseband signals comprise first digital data;
and wherein the second baseband signals  comprise
second digital data. In some embodiments, the antenna
has a length that is a  vulgar fraction of a
wavelength of the first and second RF signals. In some
embodiments, the wireless communication circuit is
compliant with at least one  standard selected from
the group consisting of IEEE standards 802.11,
802.11a,  802.1 lb, 802.11 g, 802.1 ln, 802.16, and
802.20. [0022] In general, in one aspect, the
invention features a method of forming an  integrated
circuit package, comprising: providing at least one
integrated circuit  having a plurality of conductors,
the at least one integrated circuit comprising a
wireless communication circuit; providing an
intermediate substrate comprising an  



antenna; electrically coupling the antenna to the
wireless communication circuit;  electrically coupling
the conductors on the at least one integrated circuit
to the  intermediate substrate; and electrically
coupling the intermediate substrate to a  surface of a
package substrate. [0023] In some embodiments,
providing at least one integrated circuit comprises:
providing a first integrated circuit comprising a
media access controller and baseband  circuit; and
providing a second integrated circuit comprising a
physical-layer device. [0024] In general, in one
aspect, the invention features an integrated circuit
package  comprising: at least one integrated circuit
comprising a wireless communication  circuit; and a
package substrate electrically coupled to the at least
one integrated  circuit, the package substrate
comprising an antenna electrically coupled to the
wireless communication circuit. -8 [0025] In some
embodiments, the wireless communication circuit
comprises: an  orthogonal frequency-division
multiplexing (OFDM) demodulator to produce first
digital data based on first OFDM signals received by
the antenna, and an OFDM  modulator to produce second
OFDM signals based on second digital data, wherein
the second OFDM signals are transmitted by the
antenna. In some embodiments, the  package substrate
is electrically coupled via conductive bumps to a
surface of the at  least one integrated circuit. In
some embodiments, a flip chip ball grid array package
comprises the integrated circuit package. In some
embodiments, the at least one  integrated circuit
comprises: a first integrated circuit comprising a
media access  controller and baseband circuit; and a
second integrated circuit comprising a physical- layer
device. In some embodiments, the wireless
communication circuit comprises: a  receive circuit to
produce first baseband signals based on first RF
signals received by  the antenna; and a transmit
circuit to produce second RF signals based on second
baseband signals, wherein the second RF signals are
transmitted by the antenna. In  some embodiments, the
first baseband signals comprise first digital data;
and wherein  the second baseband signals comprise
second digital data. In some embodiments, the  antenna
has a length that is a vulgar fraction of a wavelength
of the first and second  RF signals. In some
embodiments, the wireless communication circuit is
compliant  



with at least one standard selected from the group
consisting of IEEE standards  802.11, 802.11a, 802.1
lb, 802.11g, 802.1In, 802.16, and 802.20. [0026] In
general, in one aspect, the invention features a
method of forming an  integrated circuit package,
comprising: providing at least one integrated circuit
having a plurality of conductors, the at least one
integrated circuit comprising a  wireless
communication circuit; electrically coupling the
conductors on the at least  one integrated circuit to
a package substrate comprising an antenna; and
electrically  coupling the antenna to the wireless
communication circuit. [0027] In some embodiments,
providing at least one integrated circuit comprises:
providing a first integrated circuit comprising a
media access controller and baseband  circuit; and
providing a second integrated circuit comprising a
physical-layer device. [0028] In general, in one
aspect, the invention features an integrated circuit
package  comprising: at least one integrated circuit
comprising a wireless communication -9 circuit; and a
case comprising an antenna electrically coupled to the
wireless  communication circuit. [0029] In some
embodiments, the wireless communication circuit
comprises: an  orthogonal frequency-division
multiplexing (OFDM) demodulator to produce first
digital data based on first OFDM signals received by
the antenna, and an OFDM  modulator to produce second
OFDM signals based on second digital data, wherein
the second OFDM signals are transmitted by the
antenna. Some embodiments  comprise a package
substrate electrically coupled via conductive bumps to
a surface  of the at least one integrated circuit. In
some embodiments, a flip chip ball grid array  package
comprises the integrated circuit package. In some
embodiments, the at least  one integrated circuit
comprises: a first integrated circuit comprising a
media access  controller and baseband circuit; and a
second integrated circuit comprising a physical- layer
device. In some embodiments, the wireless
communication circuit comprises: a  receive circuit to
produce first baseband signals based on first RF
signals received by  the antenna; and a transmit
circuit to produce second RF signals based on second
baseband signals, wherein the second RF signals are
transmitted by the antenna. In  some embodiments, the
first baseband signals comprise first digital data;
and wherein  



the second baseband signals comprise second digital
data. In some embodiments, the  antenna has a length
that is a vulgar fraction of a wavelength of the first
and second  RF signals. In some embodiments, the
wireless communication circuit is compliant  with at
least one standard selected from the group consisting
of IEEE standards  802.11, 802.11 a, 802.11b, 802.11g,
802.11n, 802.16, and 802.20. [0030] In general, in one
aspect, the invention features a method of forming an
integrated circuit package, comprising: providing at
least one integrated circuit  comprising a wireless
communication circuit; providing a case comprising an
antenna; encasing the at least one integrated circuit
within the case; and electrically  coupling the
antenna to the wireless communication circuit. [0031]
In some embodiments, providing at least one integrated
circuit comprises:  providing a first integrated
circuit comprising a media access controller and
baseband  circuit; and providing a second integrated
circuit comprising a physical-layer device. -10 [0032]
The details of one or more implementations are set
forth in the accompanying  drawings and the
description below. Other features will be apparent
from the  description and drawings, and from the
claims. DESCRIPTION OF DRAWINGS [0033] FIG 1 shows a
WLAN communications module connected to a host such as
a  personal computer according to a preferred
embodiment. [0034] FIG 2 shows a WLAN communications
module comprising an external  antenna interface for
connecting an external antenna according to a
preferred  embodiment. [0035] FIG. 3 shows an
integrated circuit package comprising a heat sink
comprising  an antenna according to a preferred
embodiment. [0036] FIG 4 shows a method of
manufacturing an integrated circuit package
comprising a heat sink comprising an antenna according
to a preferred embodiment. [0037] FIG. 5 shows an
integrated circuit package comprising an intermediate
substrate comprising an antenna according to a
preferred embodiment. [0038] FIG 6 shows a method of
manufacturing an integrated circuit package
comprising an intermediate substrate comprising an
antenna according to a preferred  



embodiment. [0039] FIG 7 shows an integrated circuit
package comprising a package substrate  comprising an
antenna according to a preferred embodiment. [0040]
FIG 8 shows a method of manufacturing an integrated
circuit package  comprising a package substrate
comprising an antenna according to a preferred
embodiment. [00411 FIG 9 shows an integrated circuit
package comprising a case comprising an  antenna
according to a preferred embodiment. [0042] FIG 10
shows a method of manufacturing an integrated circuit
package  comprising a case comprising an antenna
according to a preferred embodiment. [0043] The
leading digit(s) of each reference numeral used in
this specification  indicates the number of the
drawing in which the reference numeral first appears.
-11 DETAILED DESCRIPTION [0044] Embodiments of the
present invention comprise a wireless local-area
network  (WLAN) communications module such as an
orthogonal frequency-division  multiplexing (OFDM)
communications module comprising a host interface. The
module can be fabricated, for example, as a PC card
for use with a laptop computer.  Other embodiments of
the module employ other implementations. [0045] FIG. 1
shows a WLAN communications module 102 connected to a
host 104  such as a personal computer according to a
preferred embodiment. Module 102  comprises an antenna
106 to receive radio-frequency (RF) signals 108 and to
transmit  RF signals 110, a communication circuit 112,
and a host interface 114 to  communicate with host
104, which are preferably arranged on a printed
circuit board. [0046] Communication circuit 112
comprises a receive circuit 116 to produce digital
data 128 based on RF signals 108, and a transmit
circuit 118 to produce RF signals  110 based, on
digital data 130 received from host 104 over host
interface 114.  Communication circuit 112 provides
digital data 128 to host.104 over host interface  114.
Receive circuit 116 preferably comprises a media
access controller and baseband  (MAC/BB) receive
circuit 120 and a physical-layer device (PHY) receive
circuit 122  that operate according to well-known
techniques. Transmit circuit 118 preferably  



comprises a MAC/BB transmit circuit 124 and a PHY
transmit circuit 126 that  operate according to
well-known techniques. In some embodiments, module 102
is  compliant with one or more of IEEE standards
802.11, 802.11a, 802.11b, 802.11g,  802.1 in, 802.16,
and 802.20, other regional and national standards, and
the like. In  some embodiments, the communication
circuit comprises an OFDM demodulator and  an OFDM
modulator for use in a wireless LAN. [0047] FIG. 2
shows a WLAN communications module 202 comprising an
external  antenna interface 204 for connecting an
external antenna according to a preferred  embodiment.
Elements 106-130 of module 202 are as described above
for  communications module 102 of FIG. 1. However,
module 202 also includes external  antenna interface
204, a switch 206 and an optional memory such as a
register 208.  External antenna interface 204 can be
implemented as a connector that allows an  external
antenna 212 to be connected to module 202. Switch 206
provides a signal  path for RF signals 108, 110
between communication . circuit 112 and either antenna
-12 106 or external antenna interface 204 in
accordance with a control signal 210. Control  signal
210 can be generated in any number of ways. For
example, control signal 210  can be provided directly
to switch 206 by host 104 over host interface 114, can
be  stored as a flag in optional register 208, or can
be provided by antenna interface 204  on detecting an
external antenna 212. In some embodiments, module 202
is compliant  with one or more of IEEE standards
802.11, 802.11a, 802.11b, 802.11g, 802.11n,  802.16,
and 802.20, other regional and national standards, and
the like. [0048] In some embodiments, host interface
114 complies with at least one  specification selected
from the group comprising complies with at least one
specification selected from the group comprising
Peripheral Component Interconnect  (PCI); PCI Express;
Mini PCI; PC card; Universal Serial Bus; and Firewire.
Other  embodiments employ other specifications for
host interface 114. [0049] Embodiments of the present
invention comprise an integrated circuit package  and
method for forming the same, where the integrated
circuit package comprises an  antenna and at least one
integrated circuit preferably implemented in a flip
chip ball  grid array (FCBGA). In a FCBGA, the
integrated circuit is generally connected to a  



package substrate via solder balls. The package
substrate is coupled to the circuit  board through
solder balls on the underside of the package.
Embodiments of the  integrated circuit package can be
used in embodiments of the communications  module to
house the communication circuit therein. [0050] FIG 3
shows an integrated circuit package 300 comprising a
heat sink 322  comprising an antenna 315 according to
a preferred embodiment. Integrated circuit  package
300 is preferably a FCBGA that can dissipate heat
through heat sink 322. In  addition, the thermal path
of integrated circuit package 300 extends away from
the  circuit board to reduce the heat load on the
circuit board. But while embodiments of  the present
invention are described in terms of FCBGAs,
embodiments of the present  invention are not limited
to FCBGAs, and can be implemented using any other
integrated circuit packaging technologies which
currently exist or are under  development. [0051] Heat
sink 322 comprises one or more antennas 315, which can
be attached on  a surface of heat sink 122 or formed
within heat sink 122. In some embodiments, heat  sink
315 is an antenna. To accommodate size restrictions
imposed by the size of heat -13 sink 322, antenna 315
can have a length that is a vulgar fraction of a
wavelength of  the signals transmitted and received by
antenna 315. A vulgar fraction consists of one
integer divided by a non-zero integer, as is
well-known in the relevant arts. [0052] Integrated
circuit package 300 includes a integrated circuit 312
configured for  flip chip mounting. Integrated circuit
312 preferably comprises communications  circuits for
transmitting and/or receiving data over antenna 315.
For example,  integrated circuit 312 can- comprise a
communication circuit comprising a receive  circuit to
produce first digital data based on first RF signals
received by antenna 315,  and a transmit circuit to
produce second RF signals based on second digital
data,  wherein the second RF signals are transmitted
by antenna 315. The communications  circuit can
comprise a media access controller/baseband circuit
(MAC/BB) and a  physical-layer device (PHY) that is
electrically connected to antenna 315. The
communication circuit is preferably compliant with one
or more of IEEE standards  802.11, 802.11a, 802.1lb,
802.11g, 802.11n, 802.16, and 802.20, other regional
and  



national standards, and the like. In some embodiments,
the communication circuit  comprises an OFDM
demodulator and an OFDM modulator for use in a
wireless  LAN. [0053] A first surface 316 of the
integrated circuit 312 is electrically connected to
the  package substrate 326 via conductive bumps 318.
The conductive bumps 318 may be  formed from any
electrically conductive material such as Pb/Sn solder,
Au, Ag, alloys  of Au and Ag, and metallic coated
polymeric studs. In addition, an epoxy or other
suitable material formed between the conductive bumps
318 may be used as an  embedding material for the
conductive bumps 318 to provide mechanical support and
moisture protection. The integrated circuit 312 may be
attached to the package  substrate 326 using any flip
chip compatible bonding method such as
thermocompression, soldering, encapsulation, and
adhesives. [0054] The other surface 320 of the
integrated circuit 312 is attached to a heat sink  322
for coupling heat away from the integrated circuit
312. The heat sink 322 may be  made of any thermally
conductive material such as copper and thermally
conductive  plastic. The integrated circuit 312 may be
attached to the heat sink 322 by any  attachment item
324 that does not thermally isolate the integrated
circuit 312 such as  adhesive, solder, and
press-fitting by applying a mechanical force to the
first surface -14 of the integrated circuit 312 or the
package substrate 326. For example, a thermally
conductive epoxy may be used as the attachment item
324. [0055] Package substrate 326 may be made of any
substrate material suitable for ball  grid array
mounting to a device such as a circuit board or
substrate. A plurality of  conductive bumps 330 are
provided for connecting integrated circuit package 300
to a  circuit board or the like. [0056] The number of
integrated circuits 312 in integrated circuit package
300  according to embodiments of the present invention
is not limited to one. Any practical  number of
integrated circuits 312 can be implemented within a
single integrated  circuit package 300 to form a
multichip module (MCM). For example, an integrated
circuit package 300 can include two integrated
circuits 312 where one of the  integrated circuits 312
comprises a MAC/BB and the other comprises a PHY. 



[0057] FIG 4 shows a method 400 of manufacturing an
integrated circuit package  300 comprising a heat sink
322 comprising an antenna 315 according to a preferred
embodiment. Method 400 comprises providing at least
one integrated circuit 312  having a conductor pattern
on a first surface, wherein integrated circuit 312
comprises  a wireless communication circuit (step
402), electrically coupling the conductor  pattern on
integrated circuit 312 to a package substrate 326 via
a set of conductive  bumps 318 (step 404), providing a
heat sink 322 comprising an antenna 315 (step  406),
electrically coupling antenna 315 to the wireless
communication circuit (step  408), and thermally
coupling a second surface 320 of integrated circuit
312 to heat  sink 322 (step 410). [0058] FIG 5 shows
an integrated circuit package 500 comprising an
intermediate  substrate 514 comprising an antenna 515
according to a preferred embodiment.  Integrated
circuit package 510 is preferably a modified FCBGA
that can optionally  dissipate approximately the same
amount of heat as a conventional flip chip package  at
a much lower cost with the addition of optional heat
sink 522. In addition, the  thermal path of integrated
circuit package 500 extends away from the circuit
board to  reduce the heat load on the circuit board.
But while embodiments of the present  invention are
described in terms of FCBGAs, embodiments of the
present invention  are not limited to FCBGAs, and can
be implemented using any other integrated  circuit
packaging technologies which currently exist or are
under development. -15 [0059] Integrated circuit
package 500 includes a integrated circuit 512
configured for  flip chip mounting that is attached to
an intermediate substrate 514 that comprises one  or
more antennas 515 that can be formed, for example, by
etching intermediate  substrate 514. To accommodate
size restrictions imposed by the size of intermediate
substrate 514, antenna 515 can have a length that is a
vulgar fraction of a wavelength  of the signals
transmitted and received by antenna 515. [0060]
Integrated circuit 512 preferably comprises
communications circuits for  transmitting and/or
receiving data over antenna 515. For example,
integrated circuit  512 can comprise a communication
circuit comprising a receive circuit to produce  first
digital data based on first RF signals received by
antenna 515, and a transmit  



circuit to produce second RF signals based on second
digital data, wherein the second  RF signals are
transmitted by antenna 515. The communications circuit
can comprise  a media access controller and baseband
(MACBB) and a physical-layer device  (PHY) that is
electrically connected to antenna 515. The
communication circuit is  preferably compliant with
one or more of IEEE standards 802.11, 802.1 la,
802.11b,  802.11g, 802.11n, 802.16, and 802.20, other
regional and national standards, and the  like. In
some embodiments, the communication circuit comprises
an OFDM  demodulator and an OFDM modulator for use in
a wireless LAN. [0061] A first surface 516 of the
integrated circuit 512 is electrically connected to
the  intermediate substrate 514 via conductive bumps
518. The conductive bumps 518  may be formed from any
electrically conductive material such as Pb/Sn solder,
Au,  Ag, alloys of Au and Ag, and metallic coated
polymeric studs. In addition, an epoxy  or other
suitable material formed between the conductive bumps
518 may be used as  an embedding material for the
conductive bumps 518 to provide mechanical support
and moisture protection. The integrated circuit 512
may be attached to the  intermediate substrate 514
using any flip chip compatible bonding method such as
thermocompression, soldering, encapsulation, and
adhesives. [0062] In some embodiments, the other
surface 520 of the integrated circuit 512 is  attached
to an optional heat sink 522 for coupling heat away
from the integrated  circuit 512. The heat sink 522
may be made of any thermally conductive material  such
as copper and thermally conductive plastic. The
integrated circuit 512 may be  attached to the heat
sink 522 by any attachment item 524 that does not
thermally -16 isolate the integrated circuit 512 such
as adhesive, solder, and press-fitting by  applying a
mechanical force to the first surface of the
integrated circuit 512 or the  intermediate substrate
514. For example, a thermally conductive epoxy may be
used  as the attachment item 524. [0063] The
intermediate substrate 514 is electrically connected
to conductors on a  package substrate 526 via several
bonding wires 528. The intermediate substrate 514
converts flip chip mounting of the integrated circuit
512 into wire bond mounting to  combine and exceed the
advantages of FCBGA and PBGA. Similar to FCBGA, the  



integrated circuit package 500 provides a low
resistance thermal path for heat  generated in the
integrated circuit 512 so that power dissipation may
be  accommodated. In addition, the thermal path of the
integrated circuit package 500  extends to the heat
sink 522, away from the package substrate 526, thereby
reducing  the heat load of the circuit board or
circuit substrate to which the integrated circuit
package 500 is connected. Also, the integrated circuit
package may employ a  substrate that is as inexpensive
as substrates used for PBGA packages. Additionally,
using the intermediate substrate 514 reduces the
wiring pitch requirements on  bonding wire equipment
used for attaching the bonding wires 528. [0064]
Package substrate 526 may be made of any substrate
material suitable for ball  grid array mounting to a
device such as a circuit board or substrate.
Additionally, a  support layer 525 such as an epoxy or
other suitable material may be inserted between
intermediate substrate 514 and package substrate 526
to provide addition mechanical  support. A plurality
of conductive bumps 530 are provided for connecting
integrated  circuit package 500 to a circuit board or
the like. [0065] The number of integrated circuits 512
in integrated circuit package 500  according to
embodiments of the present invention is not limited to
one. Any practical  number of integrated circuits 512
can be implemented within a single integrated  circuit
package 500 to form a multichip module (MCM). For
example, an integrated  circuit package 500 can
include two integrated circuits 512 where one of the
integrated circuits 512 comprises a MAC/BB and the
other comprises a PHY.  Furthermore, while embodiments
of the present invention are described in terms of
FCBGAs, other embodiments are not limited to FCBGAs,
and can be implemented -17 using any other integrated
circuit packaging technologies which currently exist
or are  under development. [0066] FIG. 6 shows a
method 600 of manufacturing an integrated circuit
package  500 comprising an intermediate substrate 514
comprising an antenna 515 according  to a preferred
embodiment. Method 600 comprises providing at least
one integrated  circuit 512 having a conductor pattern
on a first surface, wherein integrated circuit  512
comprises a wireless communication circuit (step 602),
providing an intermediate  



substrate 514 comprising an antenna 515 (step 604),
electrically coupling antenna 515  to the wireless
communication circuit (step 606), electrically
coupling the conductor  pattern on integrated circuit
512 to intermediate substrate 514 via a set of
conductive  bumps 518 (step 608), and electrically
coupling intermediate substrate 514 to a  surface of
package substrate 526 via a plurality of bond wires
528 (step 610). [0067] FIG 7 shows an integrated
circuit package 700 comprising a package  substrate
726 comprising an antenna 715 according to a preferred
embodiment.  Integrated circuit package 700 is
preferably a FCBGA. But while embodiments of the
present invention are described in terms of FCBGAs,
embodiments of the present  invention are not limited
to FCBGAs, and can be implemented using any other
integrated circuit packaging technologies which
currently exist or are under  development. [0068]
Package substrate 726 comprises one or more antennas
715, which can be  attached on a surface of package
substrate 726 or formed within package substrate  726.
To accommodate size restrictions imposed by the size
of package substrate 726,  antenna 715 can have a
length that is a vulgar fraction of a wavelength of
the signals  transmitted and received by antenna 715.
A vulgar fraction consists of one integer  divided by
a non-zero integer, as is well-known in the relevant
arts. [0069] Integrated circuit package 700 includes a
integrated circuit 712 configured for  flip chip
mounting. Integrated circuit 712 preferably comprises
communications  circuits for transmitting and/or
receiving data over antenna 715. For example,
integrated circuit 712 can comprise a communication
circuit comprising a receive  circuit to produce first
digital data based on first RF signals received by
antenna 715,  and a transmit circuit to produce second
RF signals based on second digital data,  wherein the
second RF signals are transmitted by antenna 715. The
communications -18 circuit can comprise a media access
controller/baseband circuit (MAC/BB) and a
physical-layer device (PHY) that is electrically
connected to antenna 715. The  communication circuit
is preferably compliant with one or more of IEEE
standards  802.11, 802.11a, 802.1lb, 802.11g, 802.1In,
802.16, and 802.20, other regional and  national
standards, and the like. In some embodiments, the
communication circuit  



comprises an OFDM demodulator and an OFDM modulator
for use in a wireless LAN. [0070] A first surface 716
of the integrated circuit 712 is electrically
connected to the  package substrate 726 via conductive
bumps 718. The conductive bumps 718 may be  formed
from any electrically conductive material such as
Pb/Sn solder, Au, Ag, alloys  of Au and Ag, and
metallic coated polymeric studs. In addition, an epoxy
or other  suitable material formed between the
conductive bumps 718 may be used as an  embedding
material for the conductive bumps 718 to provide
mechanical support and  moisture protection. The
integrated circuit 712 may be attached to the package
substrate 726 using any flip chip compatible bonding
method such as  thermocompression, soldering,
encapsulation, and adhesives. [0071] The other surface
720 of the integrated circuit 712 is optionally
attached to a  heat sink 722 for coupling heat away
from the integrated circuit 712. Optional heat  sink
722 may be made of any thermally conductive material
such as copper and  thermally conductive plastic. The
integrated circuit 712 may be attached to the heat
sink 722 by any attachment item 724 that does not
thermally isolate the integrated  circuit 712 such as
adhesive, solder, and press-fitting by applying a
mechanical force  to the first surface of the
integrated circuit 712 or the package substrate 726.
For  example, a thermally conductive epoxy may be used
as the attachment item 724. [0072] Package substrate
726 may be made of any substrate material suitable for
ball  grid array mounting to a device such as a
circuit board or substrate. A plurality of  conductive
bumps 730 are provided for connecting integrated
circuit package 700 to a  circuit board or the like.
[0073] The number of integrated circuits 712 in
integrated circuit package 700  according to
embodiments of the present invention is not limited to
one. Any practical  number of integrated circuits 712
can be implemented within a single integrated  circuit
package 700 to form a multichip module (MCM). For
example, an integrated -19 circuit package 700 can
include two integrated circuits 712 where one of the
integrated circuits 712 comprises a MAC/BB and the
other comprises a PHY. [0074] FIG. 8 shows a method
800 of manufacturing an integrated circuit package  



700 comprising a package substrate 726 comprising an
antenna 715 according to a  preferred embodiment.
Method 800 comprises providing at least one integrated
circuit 712 having a conductor pattern on a first
surface, wherein integrated circuit  712 comprises a
wireless communication circuit (step 802),
electrically coupling the  conductor pattern on
integrated circuit 712 to a package substrate 726
comprising an  antenna 715 via a set of conductive
bumps 718 (step 804), providing optional heat  sink
722 (step 806), electrically coupling antenna 715 to
the wireless communication  circuit (step 808), and
optionally thermally coupling a second surface 720 of
integrated circuit 712 to optional heat sink 722 (step
810). [0075] FIG. 9 shows an integrated circuit
package 900 comprising a case 922  comprising an
antenna 915 according to a preferred embodiment. Case
922 can be  made of plastic, ceramic, or any other
material, as is well-known in the relevant arts.
Integrated circuit package 900 is preferably a FCBGA.
But while embodiments of the  present invention are
described in terms of FCBGAs, embodiments of the
present  invention are not limited to FCBGAs, and can
be implemented using any other  integrated circuit
packaging technologies which currently exist or are
under  development. [0076] Case 922 comprises one or
more antennas 915, which can be attached on a  surface
of case 122 or formed within case 122. To accommodate
size restrictions  imposed by the size of case 922,
antenna 915 can have a length that is a vulgar
fraction of a wavelength of the signals transmitted
and received by antenna 915. A  vulgar fraction
consists of one integer divided by a non-zero integer,
as is well-known  in the relevant arts. [0077]
Integrated circuit package 900 includes a integrated
circuit 912 configured for  flip chip mounting.
Integrated circuit 912 preferably comprises
communications  circuits for transmitting and/or
receiving data over antenna 915. For example,
integrated circuit 912 can comprise a communication
circuit comprising a receive  circuit to produce first
digital data based on first RF signals received by
antenna 915,  and a transmit circuit to produce second
RF signals based on second digital data, -20 wherein
the second RF signals are transmitted by antenna 915.
The communications  



circuit can comprise a media access
controller/baseband circuit (MACBB) and a
physical-layer device (PHY) that is electrically
connected to antenna 915. The  communication circuit
is preferably compliant with one or more of IEEE
standards  802.11, 802.11a, 802.11b, 802.11g, 802.11n,
802.16, and 802.20, other regional and  national
standards, and the like. In some embodiments, the
communication circuit  comprises an OFDM demodulator
and an OFDM modulator for use in a wireless  LAN.
[0078] A first surface 916 of the integrated circuit
912 is electrically connected to the  package
substrate 926 via conductive bumps 918. The conductive
bumps 918 may be  formed from any electrically
conductive material such as Pb/Sn solder, Au, Ag,
alloys  of Au and Ag, and metallic coated polymeric
studs. In addition, an epoxy or other  suitable
material formed between the conductive bumps 918 may
be used as an  embedding material for the conductive
bumps 918 to provide mechanical support and  moisture
protection. The integrated circuit 912 may be attached
to the package  substrate 926 using any flip chip
compatible bonding method such as  thermocompression,
soldering, encapsulation, and adhesives. Antenna 915
can be  electrically coupled to integrated circuit 912
by conductive bumps 918, by other  conventional types
of interconnects, or by a special-purpose interconnect
provided  especially for antenna 915. [0079] Package
substrate 926 may be made of any substrate material
suitable for ball  grid array mounting to a device
such as a circuit board or substrate. A plurality of
conductive bumps 930 are provided for connecting
integrated circuit package 900 to a  circuit board or
the like. [0080] The number of integrated circuits 912
in integrated circuit package 900  according to
embodiments of the present invention is not limited to
one. Any practical  number of integrated circuits 912
can be implemented within a single integrated  circuit
package 900 to form a multichip module (MCM). For
example, an integrated  circuit package 900 can
include two integrated circuits 912 where one of the
integrated circuits 912 comprises a MAC/BB and the
other comprises a PHY. [0081] FIG 10 shows a method
1000 of manufacturing an integrated circuit package
900 comprising a case 922 comprising an antenna 915
according to a preferred 



-21 embodiment. Method 1000 comprises providing at
least one integrated circuit 912  having a conductor
pattern on a first surface, wherein integrated circuit
912 comprises  a wireless communication circuit (step
1002), electrically coupling the conductor  pattern on
integrated circuit 912 to a package substrate 926 via
a set of conductive  bumps 918 (step 1004), providing
a case 922 comprising an antenna 915 (step 1006),
electrically coupling antenna 915 to the wireless
communication circuit (step 1008),  and encasing
integrated circuit 912 within case 922 (step 1010).
[0082] A number of implementations of the invention
have been described.  Nevertheless, it will be
understood that various modifications may be made
without  departing from the spirit and scope of the
invention. Accordingly, other  implementations are
within the scope of the following claims. Claims 1. An
integrated circuit package comprising: at least one
integrated circuit comprising a wireless communication
circuit  comprising an orthogonal frequency-division
multiplexing (OFDM) demodulator to  produce first
digital data based on first OFDM signals, and an OFDM
modulator to produce second OFDM signals based on
second  digital data; an intermediate substrate
electrically coupled to the at least one integrated
circuit, the intermediate substrate comprising an
antenna to receive the first  OFDM signals, and to
transmit the second OFDM signals, the antenna
electrically coupled to the wireless communication
circuit; and a package substrate electrically coupled
to the intermediate substrate. 2. The integrated
circuit package of claim 1: wherein the intermediate
substrate is electrically coupled via conductive
bumps to a surface of the at least one integrated
circuit; and wherein a surface of the package
substrate is electrically coupled to the  intermediate
substrate by a plurality of bonding wires. 3. A flip
chip ball grid array package comprising the integrated
circuit  



package of claim 44. 4. The integrated circuit package
of claim 1, wherein the at least one  integrated
circuit comprises: a first integrated circuit
comprising a media access controller and  baseband
circuit; and a second integrated circuit comprising a
physical-layer device. -23 5. The integrated circuit
package of claim 1, wherein the wireless
communication circuit comprises: a receive circuit to
produce first baseband signals based on first RF
signals received by the antenna; and a transmit
circuit to produce second RF signals based on second
baseband signals, wherein the second RF signals are
transmitted by the  antenna. 6. The integrated circuit
package of claim 5: wherein the first baseband signals
comprise first digital data; and  wherein the second
baseband signals comprise second digital data. 7. The
integrated circuit package of claim 5: wherein the
antenna has a length that is a vulgar fraction of a
wavelength  of the first and second RF signals. 8. The
integrated circuit package of claim 1, wherein the
wireless  communication circuit is compliant with at
least one standard selected from the  group consisting
of IEEE standards 802.11, 802.11 a, 802.11 b, 802.11
g, 802.11 n,  802.16, and 802.20. 


