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(57) Abstract: A radio frequency commu-
nications system with a first operating fre-
quency band and a second operating fre-

quency band is disclosed. There is a first
antenna. A transceiver has a first transmis-
sion port, a second transmission port, a
first reception port, and a second reception
port. In a first front end circuit, a first port
is coupled to the antenna, and a second
port is coupled to the transceiver. The first
front end circuit has a first low noise am-
plifier, a second low noise amplifier, a first

power amplifier, and a second power am-

plifier. A switching circuit connects the
first transmission port, the first reception
port, the second transmission port, and the
second reception port to the second port of
the first front end circuit. The antenna is
distant from the transceiver, while the first
front end circuit is proximal to the antenna.
The first switching circuit is proximal to
the transceiver.
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TRANSMIT-RECEIVE RADIO FREQUENCY FRONT END
INTEGRATED CIRCUITS FOR LAPTOP COMPUTER APPLICATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application relates to and claims the benefit of U.S. Provisional
Application No. 61/292,790, filed January 6, 2010 and entitled TRANSMIT-
RECEIVE RF TFRONT-END INTEGRATED CIRCUITS FOR LAPTOP
APPLICATIONS, which is wholly incorporated by reference herein.

STATEMENT RE: FEDERALLY SPONSORED RESEARCH/DEVELOPMENT
Not Applicable

BACKGROUND

1. Technical Field

The present invention relates generally to radio frequency (RI) signal
communications systems and circuitry, and more particularly, to transmit-receive RF
front end integrated circuits for laptop computer applications.

2. Related Art

Wireless communications systems find application in numerous contexts
involving information transfer over long and short distances alike, and there exists a
wide range of modalities suited to meet the particular needs of each. Generally,
wireless communications involve a radio frequency (RIF) carrier signal that is
variously modulated to represent data, and the modulation, transmission, receipt, and
demodulation of the signal conform to a set of standards for coordination of the same.
For wireless computer data networks, such standards include Wireless LAN (IEEE
802.11x), which is understood to be a time domain duplex system where a bi-
directional link is emulated on a time-divided communications channel. Wireless
LAN allows several computer systems within a local area to connect to an access
point, which provides a link to the global Internet network. Due to the proliferation of
mobile computing devices such as laptop computers, Wireless LAN networks may be
found in a variety of public locations, including airports, cafes, and the like.

As is fundamental to any wireless communication system, laptop computers

have a network interface card with a transceiver, that is, the combined transmitter and
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receiver circuitry, to enable Wireless LAN connectivity. The transceiver, with its
digital baseband subsystem, encodes the digital data to a baseband signal and
modulates the baseband signal with an RF carrier signal. Upon receipt, the transceiver
down-converts the RF signal, demodulates the baseband signal, and decodes the
digital data represented by the baseband signal. An antenna connected to the
transceiver converts the electrical signal to electromagnetic waves, and vice versa.

For improving performance of Wireless LAN networks, particularly in relation
to increased data throughput and extended link range without additional bandwidth or
transmit power, several enhancements over conventional single operating frequency
and single transmission/reception schemes have been contemplated. One is the
multiple input-multiple output (MIMO) system architecture. Higher spectral
efficiency and link reliability is achieved by splitting a high data rate signal into
several lower data rate signals, and transmitting each such lower data rate signal via
separate antennas. The receiver end also has multiple antennas for receiving such
separated signals, which are combined to a single data stream.

The latest IEEE Wireless LLAN standard, 802.11n, employs an operating
frequency on both the 2.4 GHz band, as well as the 5 GHz band. Furthermore, this
standard also adds the aforementioned MIMOQO architectures. Thus, recent Wireless
LLAN enabled laptop computers are typically configured with a pair of antennas that
are mounted on the inside of the cover. In most cases, the transceiver integrated
circuit itself does not generate sufficient power or have sufficient sensitivity necessary
for reliable communications. Thus, additional circuits referred to as a front end is
utilized between the transceiver and the antenna. Generally, the front end circuit
includes a power amplifier for boosting transmission power, and/or a low noise
amplifier to increase receive sensitivity. Due to the differing operational parameters
and tuning requirements for the 2.4 GHz band and the 5 GHz band, there are separate
power amplifiers and low noise amplifiers for each.

The typical architecture for Wireless LLAN network interface cards is
comprised of a 5 GHz signal transmit line, a 2.4 GHz signal transmission line, a first 5
GHz signal receive line, a second 5 GHz signal receive line, a first 2.4 GHz signal
receive line, and a second 2.4 GHz signal receive line, which are variously,
selectively connected to a first antenna and a second antenna. In the front end circuit,

the 5 GHz signal transmit line may be connected to a band pass filter and a power
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amplifier tuned therefor, and followed by a harmonics filter. Additionally, the 2 GHz
signal transmit line may be similarly connected to a band pass filter and a power
amplifier tuned therefor, and also followed by a harmonics filter. The outputs for the
two different signal frequency harmonics filters are connected to a diplexer (L, H
terminals), with the S terminal being connected to one terminal in a single pole,
double throw switch. The other throw terminal thereof may be connected to an input
of a dual band low noise amplifier, the output of which is connected to a diplexer.
One of the terminals of the diplexer is connected to the 5 GHz signal receive line, and
the other is connected to the 2.4 GHz signal receive line. The pole of the switch may
be connected to a first one of the antennas, thus switching between the transmit and
first receive lines of both the SGHz signal and the 2.4 GHz signal. The second
antenna may be connected to a dual band low noise amplifier, the output of which is
connected to another diplexer. One of the terminals of the diplexer is connected to the
second 5 GHz signal receive line, while the other is connected to the second 2.4 GHz
signal receive line.

The Wireless LAN network interface card is typically located on the main
board of the laptop computer, and away from the antennas that are mounted on the
clamshell cover. Thus, the foregoing implementations suffer from increased noise
figures because of the long cable traces necessary. The losses attributable to the cable
are typically around 2dB. Additionally, the diplexers have an associated loss of
around 0.5 dB to 0.7 dB, and the single pole, double throw switch likewise has an
associated loss of around (.5 dB to 0.7 dB. Accordingly, there is a need in the art for
transmit-receive RI front end integrated circuits for laptop computer applications that
reduce the receive chain noise figure, while minimizing current draw during signal

transmission.

BRIFEF SUMMARY
In accordance with one embodiment of the present disclosure, a radio
frequency (RIY) communications system with a first operating frequency band and a
second operating frequency band is contemplated. There may be a first antenna and a
second antenna, as well as a transceiver with a first operating frequency band
transmission port, a second operating frequency band transmission port, a first

operating frequency band primary reception port, a second operating frequency band
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secondary reception port, a second operating frequency band primary reception port,
and a second operating frequency band secondary reception port. The system may
include a first front end circuit with a first operating frequency band low noise
amplifier, a second operating frequency band low noise amplifier, and a first
operating frequency band power amplifier. This first front end circuit may be
connected to the first antenna. Additionally, there may be a second front end circuit
including a first operating frequency band low noise amplifier, a second operating
frequency band low noise amplifier, and a second operating frequency band power
amplifier. This second front end circuit may be connected to the second antenna. The
system may further include a first switching circuit that selectively connects the first
operating frequency band transmission port, the first operating frequency band
primary reception port, and the second operating frequency band secondary reception
port to the first front end circuit. Similarly, there may be a second switching circuit
that selectively connects the second operating frequency band transmission port, the
first operating frequency band secondary reception port, and the second operating
frequency band primary reception port to the second front end circuit. The first
antenna and the second antenna may be distant from the transceiver, while the first
and second front end circuit may be proximal to the respective one of the first and
second antenna. The first and second switching circuits may be proximal to the
transceiver.

According to another embodiment, there is disclosed an RF communications
system that has a first operating frequency band and a second operating frequency
band. The system may have a first antenna and a second antenna, as well as a
transceiver with a first operating frequency band primary transmission port, a second
operating frequency band primary transmission port, a first operating frequency band
primary reception port, and a second operating frequency band primary reception
port. There may also be included a first front end circuit with a first port coupled to
the first antenna and a second port coupled to the transceiver. The first front end
circuit may include a first operating frequency band low noise amplifier, a second
operating frequency band low noise amplifier, a first operating frequency band power
amplifier, and a second operating frequency band power amplifier. A first switching
circuit may selectively connect the first operating frequency band primary

transmission port, the first operating frequency band primary reception port, the
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second operating frequency band primary transmission port, and the second operating
frequency band secondary reception port to the second port of the first front end
circuit. The first antenna and the second antenna may be distant from the transceiver,
while the first front end circuit may be proximal to the first and second antenna. The
first switching circuit may be proximal to the transceiver.

The present invention will be best understood by reference to the following

detailed description when read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the various embodiments disclosed
herein will be better understood with respect to the following description and
drawings, in which:

FIG. 1 is a block diagram of a first embodiment of an RIF communications
system utilized in a laptop computer, with a front end circuit in accordance with
various aspects of the present disclosure;

FIG. 2 is a graph illustrating the total receive noise figure in a contemplated
wireless network laptop receiver utilizing the RIF communications system versus
receiver gain;

FIG. 3 is a graph illustrating the improvements in receiver sensitivity per the
first embodiment of the RF communications system;

FIG. 4 is a graph illustrating the improvements in link distance possible in part
to the noise figure reductions in the first embodiment of the RF communications
system;

FIG. 5 is a block diagram of a second embodiment of the RFF communications
system with a reduced number of control and amplifier bias lines;

FIG. 6 is a block diagram of a third embodiment of the RFF communications
system with a bias supply voltage being provided over a signal transmission line of an
interconnect cable;

FIG. 7 is a perspective view of the interconnect cable utilized in the RF
communications system;

FIG. 8 is a schematic diagram of a basic first embodiment of a RF front end

circuit;
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FIGS. 9, 9A, and 9B are schematic diagrams showing various segments of a
second embodiment of the RI front end circuit with separate transmit and receive
ports for a first operating frequency band and a second operating frequency band;

FIG. 10, 10A, and 10B are schematic diagrams showing various segments of a
third embodiment of the RF front end circuit with combined transmit-receive ports for
both the first operating frequency band and the second operating frequency band;

FIG. 11, 11A, and 11B are schematic diagrams showing various segments of a
fourth embodiment of the RF front end circuit;

FIG. 12, 12A, and 12B are schematic diagrams showing various segments of a
fifth embodiment of the RF front end circuit;

FIG. 13 is a block diagram of a fourth embodiment of the RFF communications
system with a first front end circuit as shown in FIGS. 10, 11, and 12; and

FIG. 14 is a block diagram of a fifth embodiment of the RIF communications
system with the first front end circuit and a second front end circuit as shown in FIGS.
10, 11, and 12.

Common reference numerals are used throughout the drawings and the

detailed description to indicate the same elements.

DETAILED DESCRIPTION

The detailed description set forth below in connection with the appended
drawings is intended as a description of the presently preferred embodiment of the
invention, and is not intended to represent the only form in which the present
invention may be developed or utilized. The description sets forth the functions of the
invention in connection with the illustrated embodiment. It is to be understood,
however, that the same or equivalent functions may be accomplished by different
embodiments that are also intended to be encompassed within the scope of the
invention. It is further understood that the use of relational terms such as first and
second and the like are used solely to distinguish one from another entity without
necessarily requiring or implying any actual such relationship or order between such
entities. 'The present application relates to co-pending United States Patent
Application Serial No. 12/412,226 entitled “Radio Frequency Transceiver Front End
Circuit” filed March 26, 2009, as well as co-pending United States Patent Application
Serial No. 12/980,794 entitled “Increased Receive Sensitivity Radio Frequency Front
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End Circuits” filed December 29, 2010, the disclosures of which are expressly
incorporated by reference herein.

The block diagram of FIG. 1 illustrates a first embodiment of an RIF
communications system 100a with a first operating frequency band and a second
operating frequency band. By way of example, the RIF communications system 100 in
general is a wireless local area network (WLAN) module of a computer system,
which is preferably, though optionally, a mobile device such as a laptop computer.
Though specific features related to this form factor will be described, it will be
recognized that the RIF communications system 100 may be utilized in any computing
device that incorporates wireless networking features. Various embodiments of the
RF communications system 100 are understood to be compliant with the IEEE 802.11
standard, which defines an operating frequency band of 5 GHz as well as 2.4 GHz.
These correspond to the respective first and second operating frequency bands.

A laptop computer typically has a flip or clamshell form factor comprised of a
body with a hinged cover. The body includes the main board, along with the central
processing unit, graphics card, memory, storage drives, and the like which are
connected to the main board. One conventional modality by which these components
are functionally linked is the peripheral component interconnect (PCI) bus. The
components can be an integrated circuit that is embedded into the main board, or
independent card modules that are attached to expansion slots. With laptop computers
where available space is extremely limited, expansion cards may conform to a subset
of the PCI standard that defines a smaller form factor, such as Mini-PCI or PCI
Express Mini. Input devices such as a keyboard or a track pad may be mounted to the
body as well, and connected to the main board. A display screen is mounted to the
hinged cover and connected to the graphics card.

The radio frequency communications system 100 is generally comprised of a
body segment 102 and a cover segment 104, the physical disposition thereof generally
corresponding to the aforementioned body and cover of the laptop computer. The
various components of the body segment 102 may be embedded in the main board or
incorporated into an expansion card, as noted above. One such component is a
multiple input, multiple output (MIMO) WLAN transceiver 106. As indicated above,
the transceiver 106 is dual band with a first operating frequency band of 5 GHz and a

second operating frequency band of 2.4 GHz, each having one transmit line and two
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receive lines. Thus, for the 5 GHz operating frequency band, the transceiver 106 has a
first operating frequency band transmit port 108, a first operating frequency band
primary receive port 110a, and a first operating frequency band secondary receive
port 110b. For the 2.4 GHz operating frequency band, the transceiver 106 has a
second operating frequency band transmit port 112, a second operating frequency
band primary receive port 114a, and a second operating frequency band secondary
receive port 114b.

A first antenna 116 and a second antenna 118 are mounted to the cover of the
laptop computer, and thus are a part of the cover segment 104. The performance
characteristics of the first antenna 116 and the second antenna 118 are understood to
be substantially similar. Connected to the first antenna 116 over a first antenna cable
120 is a first transmit-receive module 122. Likewise, connected to the second antenna
118 over a second antenna cable 124 is a second transmit-receive module 126.

As described in greater detail below, the first transmit-receive module 122
amplifies a 5 GHz signal for the first antenna 116, while the second transmit-receive
module amplifies a 2.4 GHz signal for the second antenna 118. Furthermore, each of
the antennas 116, 118 and associated circuitry are configured to receive both a 5 GHz
signal and a 2.4 GHz signal, thus enabling true MIMO reception where both operating
frequency band signals are received simultaneously. Likewise, transmission of both 5
GHz signals and 2.4 GHz signals is also contemplated, with the spatial separation of
the first and second antennas 116, 118 reducing interference therebetween.
Alternatively, it is also possible to transmit on one operating frequency band while
receiving on another. It is contemplated that together with the first transmit-receive
module 122, a first switch SW1 of the body segment 102 selectively connects the first
operating frequency band transmit port 108, the first operating frequency band
primary receive port 110a, and the second operating frequency band secondary
receive port 110b to the first antenna 116. Along these lines, a second switch SW2 of
the body segment 102 selectively connects the second operating frequency band
transmit port 112, the second operating frequency band primary receive port 114a,
and the first operating frequency band secondary receive port 110b.

Besides the first switch SW1, the body segment 102 includes additional
circuitry associated therewith. More particularly, a first operating frequency band

transmit band-pass filter 128 is connected to the first operating frequency band
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transmit port 108. The first switch SW1 is a single pole, dual throw type RIF switch
with a first throw thereof being connected to the first operating frequency band
transmit band-pass filter 128. The second throw of the first switch SW1 is connected
to an S port of a first dual-band diplexer 130, with the L. port connected to the second
operating frequency band secondary receive port 114a, and the H port connected to
the first operating frequency band primary receive port 110a. It is understood that a
diplexer splits a composite signal from the first transmit-receive module 122 to the
high frequency signal (5 GHz) and a low frequency signal (2.4 GHz), and passing the
same to the respective receive ports. The single pole of the first switch SW1 is
coupled to a first interconnect cable 132.

The additional circuitry associated with the second switch SW2 has a similar
configuration. A second operating frequency band transmit band-pass filter 134 is
connected to the second operating frequency band transmit port 112. Again, the
switch SW2 is a single pole, dual throw type RI switch. The first throw thereof is
connected to the second operating frequency band transmit band-pass filter 134, while
the second throw is connected to an S port of a second dual-band diplexer 136. The H
port is connected to the first operating frequency band secondary receive port 110b,
and the L. port is connected to the second operating frequency band primary receive
port 114a. The pole of the second switch SW2 is coupled to a second interconnect
cable 138.

The first transmit-receive module 122 and the second transmit-receive module
126 are placed in the cover of the laptop computer, thus minimizing the distance
between the transmit-receive modules 122, 126 and the antennas 116, 118. In many
laptop computer configurations, the first antenna 116 may be disposed on one lateral
edge of the cover, while the second antenna 118 may be disposed on the opposite
lateral edge of the cover to maximize the distance between the respective first antenna
116 and the second antenna 118. In this regard, each of the transmit-receive modules
122, 126 are likewise disposed on or near the lateral edges of the cover. It is
contemplated that the length of the first antenna cable 120 and the second antenna
cable 124 can be reduced significantly and minimizing the signal losses associated
therewith. The transceiver 106, along with the associated switching and transmit band

pass filters, are disposed in the body segment 102, apart from the cover segment 104.
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The first transmit-receive module 122 includes a first front end circuit 140
comprised of amplification circuitry for the transmitted and received signals as well as
a first operating frequency band harmonics filter 146. The first front end circuit 140
has a first port 142 coupled to the first interconnect cable 132, and a second port 144
coupled to the first operating frequency band harmonics filter 146. In further detail,
the first operating frequency band harmonics filter 146 is understood to reject the
second and third harmonic frequencies of the 5 GHz operating frequency band.

Generally, two stages are contemplated for amplifying the received signal on
the first antenna 116. There is a first operating frequency band low noise amplifier
148 that is specifically tuned for 5 GHz signals, and a second operating frequency
band low noise amplifier 150 tuned for 2.4 GHz signals. Additionally, there is a
combined operating frequency band low noise amplifier 152 with two inputs that are
connected to the first stages of the first operating frequency band low noise amplifier
148 and the second operating frequency band low noise amplifier 150. The output of
the combined operating frequency band low noise amplifier 152 is selectively
connected to the first port 142 via a third RIF switch SW3.

There is a single first operating frequency band power amplifier 154 with its
output connected to the second port 144, and its input connected to a fourth R switch
SW4. It is understood that the fourth switch SW4 selectively connects the first
operating frequency band power amplifier 154 to the first port 142. Together with the
first switch SW1, the third switch SW3 and the fourth switch SW4 can be set
variously, while activating and deactivating the amplifier circuitry, to enable different
transmit and receive modes.

The second transmit-receive module 126 is configured similarly to the first
transmit-receive module 122 discussed above. There is a second front end circuit 156
comprised of amplification circuitry for the transmitted and received signals, has a
first port 158 coupled to the second interconnect cable 138. Again, there are two
stages involved with amplifying the received signal on the second antenna 118. A first
operating frequency band low noise amplifier 162 is specifically tuned for 5 GHz
received signals, and a second operating frequency band low noise amplifier 164
tuned for 2.4 GHz received signals. Another combined operating frequency band low
noise amplifier 166 with two inputs are connected to the first stages of the first

operating frequency band low noise amplifier 162 and the second operating frequency
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band low noise amplifier 164. The output of the combined operating frequency band
low noise amplifier 166 is selectively connected to the first port 158 via a sixth RF
switch SW6.

The output of a second operating frequency band power amplifier 168 is also
connected to the second port 160, and its input is connected to a fifth RFF switch SWS5.
This fifth switch SW5 selectively connects the second operating frequency band
power amplifier 168 to the first port 158. Together with the second switch SW2, the
fifth switch SW35 and the sixth switch SW6 can be set and reset, while activating and
deactivating the amplifier circuitry, to enable different transmit and receive modes.

The second port 160 of the second front end circuit 156 is connected to a
second operating frequency band third order harmonics filter 170. Additionally, the
second front end circuit 156 includes a third port 161 that is connected to a second
operating frequency band second order harmonics filter 172. This external
configuration is contemplated to reject the second order harmonics of the 2.4 GHz
operating frequency at the second antenna 118, without degrading reception
performance with respect to the first operating frequency band. It will be recognized
that this external harmonics filter can be implemented with the first transmit-receive
module 122 above, as well.

As briefly mentioned above, the various switches and amplifier circuits of the
RF communications system 100 can be selectively set/reset or activated/deactivated
for different transmit and receive modes with the first operating frequency band and
the second operating frequency band. rom the transceiver 102 there is a first set of
control and amplifier bias lines 174 (for the first transmit-receive module 122) and a
second set of control and amplifier bias lines 176 (for the second transmit-receive
module 126), in addition to the respective signal transmission conductors that are a
part of the first interconnect cable 132 and the second interconnect cable 138.
Accordingly, the front end circuits 140, 156 each have a set of input ports for such
control and amplifier bias lines. For the sake of convenience, these input ports and
corresponding control lines will be referenced as single elements. The two sets of
control and amplifier bias lines 174, 176 are understood to allow independent control
of the first front end circuit 140 and the second front end circuit 156. In further detail,
there are VCC/power supply lines 174a, 176a, and first operating frequency band

transmit control and amplifier bias lines 174b, 176b. Additionally, there are second
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operating frequency band receive control and amplifier bias lines 174c, 176c, and first
operating frequency receive control and amplifier bias lines 174d, 176d. Both of the
front end circuits 140, 156 have a transmit power detection feedback line 174e, 176e,
respectively, which meonitors the transmitted power levels for closed-loop system
operation.

Based upon the foregoing configuration of the first transmit-receive module
122 and the second transmit-receive module 126, the different transmit and receive
modes and the corresponding states of the switches and amplifier circuits will be
described. In a first operating frequency band transmit mode, the first switch SW1 is
set to connect the first operating frequency band transmit port 108 to the first
interconnect cable 132, The third switch SW3 is set open, while the fourth switch
SW4 is closed, connecting the first port 142 of the first front end circuit 140 to the
input of the first operating frequency band power amplifier 154. The first operating
frequency band low noise amplifier 148, the second operating frequency band low
noise amplifier 150, and the combined operating frequency band low noise amplifier
152 are deactivated, while the first operating frequency band power amplifier 154 is
activated. The amplified signal passes through the first operating frequency band
harmonics filter 146 and the first antenna cable 120 to the first antenna 116. As
indicated above, the second transmit-receive module 126 can independently receive
signals of the 5 GHz operating frequency band at the same time.

In a second operating frequency band transmit mode, the second switch SW2
is set to connect the second operating frequency band transmit port 112 to the second
interconnect cable 138, The sixth switch SW6 is set open, while the fifth switch SW5
is closed to connect the first port 158 of the second front end circuit 156 to the input
of the second operating frequency band power amplifier 168. The first operating
frequency band low noise amplifier 162, the second operating frequency band low
noise amplifier 164, and the combined operating frequency band low noise amplifier
166 are deactivated, while the second operating frequency band power amplifier 168
is activated. The amplified signal passes through the second operating frequency band
third order harmonics filter 170 and the second antenna cable 124 to the first antenna
116. The first transmit-receive module 122 can independently receive signals of the

2.4 GHz operating frequency band at the same time.
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In a first operating frequency band receive mode, the first operating frequency
band power amplifier 154 and the second operating frequency band low noise
amplifier 150 of the first transmit-receive module 122 are deactivated, while the first
operating frequency band low noise amplifier 148 and the combined operating
frequency band low noise amplifier 152 are activated. The third switch SW3 is closed,
and the fourth switch SW4 is open, connecting the output of the combined operating
frequency band low noise amplifier 152 to the first port 142 of the first front end
circuit 140. Thus, the first operating frequency signal received on the first antenna
116 is amplified and passed to the transceiver 106. Specifically, the first switch SW1
connects the pole to the throw which is connected to the S port of first dual band
diplexer 130, with the 5 GHz signal being passed to the H port and the first operating
frequency band primary receive port 110a.

A first operating frequency signal received on the second antenna 118 may be
similarly amplified an passed to the first operating frequency band secondary receive
port 110b, with an activation of the first operating frequency band low noise amplifier
162, the combined operating frequency band low noise amplifier 166, and closing the
sixth switch SW6. Additionally, the second operating frequency band power amplifier
168, as well as the second operating frequency band low noise amplifier 164 may be
deactivated with the fifth switch SW5 open. On the body segment 102, the second
switch SW2 is set to connect the pole to the throw that is coupled to the S port of the
second dual band diplexer 136, with the 5 GHz signal being passed to the first
operating frequency band secondary receive port 110b.

In a second operating frequency band receive mode, the second operating
frequency band power amplifier 168 and the first operating frequency band low noise
amplifier 162 of the second transmit-receive module 126 are deactivated, while the
second operating frequency band low noise amplifier 164 and the combined operating
frequency band low noise amplifier 166 are activated. The sixth switch SW6 is closed
and the fifth switch SW5 is open, connecting the output of the combined operating
frequency band low noise amplifier 166 to the first port 158 of the second front end
circuit 156. Thus, the second operating frequency signal received on the second
antenna 118 is amplified and passed to the transceiver 106. The second switch SW2

connects the pole to the throw that is connected to the S port of the second dual band
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diplexer 136, with the 2.4 GHz signal being passed to the L. port thereof and the
second operating frequency band primary receive port 114a.

Reciprocally similar to the first operating frequency band receive mode, a
second operating frequency signal received on the first antenna 116 may be similarly
amplified an passed to the second operating frequency band secondary receive port
114b, with an activation of the appropriate amplifiers in the first front end circuit 140
including the second operating frequency band low noise amplifier 150 and the
combined operating frequency band low noise amplifier 152. The third switch SW3 is
closed. Additionally, the first operating frequency band power amplifier 154, as well
as the first operating frequency band low noise amplifier 148 may be deactivated,
with the fourth switch SW4 open. The second switch SW1 is set to connect the pole to
the throw coupled to the S port of the first dual band diplexer 130, with the 2.4 GHz
signal being passed to the L port thereof and the second operating frequency band
secondary receive port 114b.

As noted above, it is also possible to activate both the first operating frequency
band low noise amplifier 148 and the second operating frequency band low noise
amplifier 164 in the first front end circuit 140, as well as the first operating frequency
band low noise amplifier 162 and the second operating frequency band low noise
amplifier 164 of the second front end circuit 156 simultaneously. In this mode, the
third switch SW3 is closed, as is the sixth switch SW6, thereby connecting the output
of the combined operating frequency band low noise amplifiers 152, 166, to the
respective first ports 142, 158, of the first front end circuit 140 and the second front
end circuit 156. The first and second dual band diplexers 130, 136 split the combined
5 GHz and 2.4 GHz signals to their constituent parts and passes the same to the H and
L. ports, respectively.

With the above configuration, substantial performance improvements may be
realized. In some contemplated embodiments, current draw of the RF communications
system 100 can be improved by a factor of two in each frequency band transmit mode
at maximum power levels. As will be appreciated, power consumption is an important
factor on laptop computers and other such devices that rely on limited battery power.
As shown in the graph of FIG. 2, with a reduction in the receive mode noise figure,
the overall noise figure can likewise be reduced for a given receiver gain. Further, as

shown in the graph of FIG. 3, receiver sensitivity is enhanced as a result of the lower
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noise figure. Thus, as further shown in the graph of FIG. 4, line-of-sight link distances
can almost be doubled, or the throughput can be increased for the same distance.

Based in part on the first embodiment of the RFF communications system 100a,
there is contemplated a second embodiment 100b, which is illustrated in FIG. 5.
Therefore, the two embodiments share some similarities. However, as described
above, the first embodiment of the RF communications system 100a utilizes a first set
of five control and amplifier bias lines 174, as well as a second set of five control and
amplifier bias lines 176. In the second embodiment, these are reduced to an
alternative set of three control and amplifier bias lines 178 associated with the first
interconnect cable 132, and an alternative set of three control and amplifier bias lines
180 associated with the second interconnect cable 138. Additionally, the two separate
first and second transmit-receive modules 122, 126, may be consolidated into one
transmit-receive module 127.

The following description will refer to specific ports of the control and
amplifier bias lines 178, 180, and while such ports were not mentioned in relation to
the description of the first embodiment of the RIF communications system 100a, it will
be recognized that they find correspondence thereto. In further detail, a bias supply
port 182 of the first front end circuit 140 as well as a bias supply port 184 of the
second front end circuit 156 are both tied to a first control and amplifier bias line 180a
of the second interconnect cable 138. A first operating frequency band transmit enable
port 186 is tied to a first control and amplifier bias line 178a of the first interconnect
cable 132. A second operating frequency band transmit enable port 188 is tied to a
third control and amplifier bias line 180c of the second interconnect cable 138. The
first front end circuit 140 and the second front end circuit 156 each have respective
first operating frequency band receive enable ports 190, 192, and both are connected
to a third control and amplifier bias line 178c of the first interconnect cable 132.
Similarly, the first front end circuit 140 and the second front end circuit 156 each have
respective second operating frequency band receive enable ports 194, 196, with both
being connected to a second control and amplifier bias line 178b of the first
interconnect cable 132. The first operating frequency band power amplifier 154 and
the second operating frequency band power amplifier 168 have a transmit power
detector output port 198, 200. These are connected to a third control and amplifier

bias line 180b of the second interconnect cable 138.
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Based upon this configuration, simultaneous transmission of both the first
operating frequency band signals and the second operating frequency band signals is
possible. Additionally, simultaneous reception of both the first operating frequency
band signals and the second operating frequency bands is possible. The following
truth table 1 illustrates the possible signals on the first set of control and amplifier bias

lines 174 and the second set of control and amplifier bias lines 176.

State | SW1 | First First Second SW2 | Second First Second
Operating | Operating | Operating Operating | Operating | Operating
Frequency | Frequency | Frequency Frequency | Frequency | Frequency
Band Band Band Band Band Band
Transmit Receive Receive Transmit Receive Receive
Enable Enable Enable Enable Enable Enable
(186, (190, (194, (188, (192, (196,
178a) 178¢) 178b) 180c) 178¢) 178b)

1 1 1 0 1 0 0 0 1

2 1 1 1 0 0 0 1 0

3 1 1 X X 1 1 X X

4 0 0 0 1 1 1 0 1

5 0 0 1 0 1 1 1 0

6 0 0 1 0 0 0 1 0

7 0 0 0 1 0 0 0 1

8 0 0 1 1 0 0 1 1

Table 1

In a first state, the 5 GHz signal from the transceiver 106 is amplified and
transmitted via the first antenna 116. Accordingly the transmit power detector output
port 198 of the first front end circuit 140 is activated. Furthermore, the 2.4 GHz signal
from the second antenna 118 is passed to the transceiver 106. The first operating
frequency band receive enable port 190 is deactivated, as is the first operating
frequency band receive enable port 192 that is tied thereto. Although the second
operating frequency band receive enable port 196 of the second front end circuit 156
is activated and thereby activating the second operating frequency receive enable port
194 of the first front end circuit 140, because the third switch SW3 is open, no receive
signals are amplified and passed. The fourth switch SW4 is closed, the fifth switch
SW5 is opened, and the sixth switch SW6 is closed.

In a second state, the 5 GHz signal from the transceiver 106 is amplified and
transmitted via the first antenna 116, and so the transmit power detector output port
198 of the first front end circuit 140 is activated. The 5 GHz signal from the second
antenna 118 is passed to the transceiver 106. The first operating frequency band

receive enable port 190 is activated, as is the first operating frequency band receive
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enable port 192 that is tied thereto. The second operating frequency band receive
enable port 196 is deactivated, as is the second operating frequency band receive
enable port 194 that is tied thereto. The fourth switch SW4 is closed, the third switch
SW3 is opened, the fifth switch SWS5 is closed, and the sixth switch SW6 is opened.

In a third state, the 5 GHz signal from the transceiver 106 is amplified and
transmitted via the first antenna 116, and so the transmit power detector output port
198 of the first front end circuit 140 is activated. Additionally, the 2.4 GHz signal
from the transceiver 106 is amplified and transmitted via the second antenna 118. As
such, the transmit power detector output port 200 of the second front end circuit 156
is also activated. The first operating frequency band receive enable ports 190, 192 and
the second operating frequency band receive enable ports 194, 196 are not pertinent,
as no receive operations are taking place. The fourth switch SW4 is closed, the third
switch SW3 is opened, the fifth switch SW5 is opened, and the sixth switch SW6 is
closed.

In a fourth state, the 2.4 GHz signal from the transceiver 106 is amplified and
transmitted via the second antenna 118, and so the transmit power detector output port
200 of the second front end circuit 156 is activated. The first operating frequency
band receive enable ports 190, 192 of both the first and second front end circuits 140,
156 are deactivated, while the second operating frequency band receive enable ports
194, 196 are activated. Thus, the 2.4 GHz signal received on the first antenna 116 is
amplified and passed to the transceiver 106. The fourth switch SW4 is opened, the
third switch SW3 is closed, the fifth switch SW5 is opened, and the sixth switch SW6
is closed.

In a fifth state, the 2.4 GHz signal from the transceiver 106 is amplified and
transmitted via the second antenna 118, and so the transmit power detector output port
200 of the second front end circuit 156 is activated. The first operating frequency
band receive enable ports 190, 192 of both the first and second front end circuits 140,
156 are activated, while the second operating frequency band receive enable ports
194, 196 are deactivated. The 5 GHz signal on the first antenna 116 is amplified and
passed to the transceiver 106. Additionally, the fourth switch SW4 is opened, the third
switch SW3 is closed, the fifth switch SWS5 is opened, and the sixth switch SW6 is

closed.
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In a sixth state, the 5 GHz signal from the first antenna 116, as well as the 5
GHz signal from the second antenna 118, are amplified by the respective first and
second front end circuits 140, 156 and passed to the transceiver 106. More
particularly, the first operating frequency band receive enable ports 190, 192 are
activated, with the fourth switch SW4 opened, the third switch SW3 closed, the fifth
switch SW5 closed, and the sixth switch SW6 opened. Since there are no transmitting
operations, the first operating frequency band transmit enable port 186 and the second
operating frequency band transmit enable port 188 are both deactivated.

In a seventh state, the 2.4 GHz signal from the first antenna 116 and the 2.4
GHz signal from the second antenna 118 are amplified by the respective first and
second front end circuits 140, 156 and passed to the transceiver 106. The first
operating frequency band receive enable ports 190, 192 are deactivated, while the
second operating frequency band receive enable ports 194, 196 are activated. In
addition, the fourth switch SW4 is opened, the third switch SW3 is closed, the fifth
switch SW5 is closed, and the sixth switch SW6 is opened. Again, because there are
no transmitting operations, the first operating frequency band transmit enable port 186
and the second operating frequency band transmit enable port 188 are deactivated.

In an eighth state, both the 5 GHz signal and the 2.4 GHz signal on both the
first antenna 116 and the second antenna 118 are amplified by the first and second
front end circuits 140, 156 and passed to the transceiver 106. The first operating
frequency band receive enable ports 190, 192, as well as the second operating
frequency band receive enable ports 194, 196 are activated. Furthermore, the fourth
switch SW4 is opened, the third switch SW3 is closed, the fifth switch SW5 is closed,
and the sixth switch SW6 is opened. There are no transmitting operations in the eighth
state, so the first operating frequency band transmit enable port 186 and the second
operating frequency band transmit enable port 188 are deactivated.

It is contemplated that the reduction in the number of control and amplifier
bias lines 174, 176 results in a reduction in the costs associated with the RF
communications system 100b. Further reductions are understood to be possible if
simultaneous operation in the manner discussed above is not required.

FIG. 6 shows a third embodiment of the RF communications system 100c,
which is contemplated to be based in part on the second embodiment 100b as well as

the first embodiment 100a, and shares several similarities as well. Like the second
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embodiment 100b, there is a set of three alternate control and amplifier bias lines 178
associated with the first interconnect cable 132. The first control and amplifier bias
line 178a is understood to be connected to the first operating frequency band transmit
enable port 186. Additionally, the second control and amplifier bias line 178b is
understood to be connected to the second operating frequency band receive enable
port 194 of the first front end circuit 140 and the second operating frequency band
receive enable port 196 of the second front end circuit 156. The third control and
amplifier bias line 178c is understood to be connected to both of the first operating
frequency band receive enable port 190 of the first front end circuit 140 and the first
operating frequency band receive enable port 192 of the second front end circuit 156.
The first front end circuit 140 and the second front end circuit 156, along with the
various harmonics filters 146, 170, 172, are incorporated into the one transmit-receive
module 127.

The third embodiment of the RF communications system 100c, however,
contemplates a set of control lines 202 that are associated with the second
interconnect cable 138. Again, there is a first control line 202a that is connected to the
first operating frequency band transmit enable port 188. Also, the transmit power
detector output ports 198, 200 are connected to a second control line 202b. The bias
supply voltage from VCC 204, however, is delivered through the signal transmission
line of the second interconnect cable 138, further reducing the number of control lines
extending from the body segment 102 to the cover segment 104.

Referring now to FIG. 7, details pertaining to the second interconnect cable
138 capable of carrying the bias supply voltage will be considered. There is a coaxial
center conductor 206 that extends along the length of the cable 138. As the coaxial
center conductor 206 carries RIF signals as well as the bias supply voltage, it is
constructed of an electrically conductive material. There is a flexible insulating layer
208 that shrouds or covers the coaxial center conductor 206, and encompassing the
insulating layer 208 is a coaxial outer conductor 210. It will be appreciated that a
separate ground or common line is not needed, as the coaxial outer conductor 210 can
serve as such.

Disposed about the outer diameter of the coaxial outer conductor 210 are one
or more electrically isolated control line carrier conductors 212 that also extend along

the length of the cable 138. These control line carrier conductors 212 are understood
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to correspond to the control lines 202 mentioned above. The diameter of the control
line carrier conductors 212 can be minimal, as the control lines 202 have low current
drain due to the use of CMOS (complementary metal-oxide semiconductor) logic in
the front end circuits 140, 156. There is also a cover 214 that wraps around the control
line carrier conductors 212 and the coaxial outer conductor 210.

FIG. 8 is a schematic diagram showing additional details of a first
embodiment of a front end circuit 220a, which can be utilized as the first front end
circuit 140 or the second front end circuit 156. As mentioned above in relation to the
various RF communication systems 100, the front end circuit 220a includes a first or
transmit-receive port 222, and a second or antenna port 224. Generally, the front end
circuit 220a is comprised of a first operating frequency band transmit chain based on
transistors Q1 and Q2, a first operating frequency band receive chain based on
transistors Q3 and Q5, and a second operating frequency band receive chain based on
transistors Q4 and QS. The cascode transistor Q5 is shared by the first operating
frequency band receive chain and the second operating frequency band receive chain.
Switching transistors Q9 and Q10 are deactivated during the first operating frequency
band transmit mode, and the second operating frequency band receive mode. In the
second operating frequency band receive mode, the switching transistor Q9 is either
activated or deactivated, while the switching transistor Q10 is activated. The
switching transistor Q7 and the circuitry associated therewith is understood to
correspond to either the third switch SW3 of the first front end circuit 140 or the sixth
switch SW6 of the second front end circuit 156. Furthermore, the switching transistor
Q6 and its associated circuitry correspond to either the fourth switch SW4 of the first
front end circuit 140 or the fifth switch SW5 of the second front end circuit 156.

The specifics relating to the operational features of the circuit elements and
component selection/adjustments have been described in applicant’s co-pending
applications that were mentioned above and are incorporated by reference. In general,
the inductors 1.13, 1.14, .15, and 1.16, as well as capacitor C28, are optimized for the
first operating frequency band performance requirements, while the capacitors C16
and C19 are selected to match with the base input of the transistor Q4 in an activated
state, or the low noise amplifier for the second operating frequency band.

Although the above description involves a front end circuit 220a for

transmitting on a first operating frequency band, it is also possible to configure the
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same for transmitting on a second operating frequency band. That is, the transistors
Q1 and Q2 define the second operating frequency transmit chain, the transistors Q3
and QS5 define the second operating frequency band receive chain, and the transistors
Q4 and QS5 define a first operating frequency band receive chain. Again, the cascode
transistor Q5 is shared by the first operating frequency band receive chain and the
second operating frequency band receive chain. The inductors 1.13, .14, 1.15, and
1.16, as well as capacitor C28, are then based upon the performance specifications for
transmission on the second operating frequency band, while the capacitors C16 and
C15 are selected for matching with the input of the transistor Q4 in an activated state,
which is a part of the first operating frequency receive chain.

With reference to the schematic diagram of FIG. 9, and in particular, to FIGS.
9A and 9B, a second embodiment of the front end circuit 220b may be utilized with a
transceiver 106 that has a receive port and a transmit port for each operating
frequency. In this regard, the front end circuit 220b has a first operating frequency
band transmit port 226, a first operating frequency band receive port 228, a second
operating frequency band transmit port 230, and a second operating frequency band
receive port 232, The front end circuit 220b is connected to a single antenna, and thus
has one antenna port 224. In general, the front end circuit 220b can be segregated into
a first operating frequency band block 234, shown in FIG. 9A, and a second operating
frequency block 236, shown in FIG. 9B.

The first operating frequency band block 234 may be further segregated into a
first operating frequency band transmit block 234a, and a first operating frequency
band receive block 234b. The first operating frequency band transmit block 234a is a
two-stage power amplifier based upon transistors Q1, Q2, and associated control,
biasing, and matching circuits, while the first operating frequency band receive block
234b is a low noise amplifier based upon a transistor Q4 and a cascode transistor QS,
with associated control, biasing and matching circuits.

Similarly, the second operating frequency band block 236 may be segregated
into a second operating frequency band transmit block 236a and a second operating
frequency band receive block 236b. The second operating frequency band transmit
block 236a is a two-stage power amplifier with transistors Q6 and Q7, as well control,

biasing, and matching circuits associated therewith. The second operating frequency
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band receive block 236b is a low noise amplifier based upon transistors Q9 and Q10
in a cascode architecture, and associated control, biasing and matching circuits.

Again, the specifics relating to the operational features of the circuit elements
and component selection/adjustments have been described in applicant’s co-pending
applications that were mentioned above and are incorporated by reference.

The front end circuit 220b thus configured is understood to have four
operational modes: a first operating frequency band transmit mode, a first operating
frequency band receive mode, a second operating frequency band transmit mode, and
a second operating frequency band receive mode. The functionality of the front end
circuit 220b will now be described in relation to these operational modes.

In a first operating frequency band transmit mode, transistors Q1 and Q2 of
the first operating frequency band power amplifier noted above, are activated.
Additionally, the transistors Q4 and Q5 associated with the first operating frequency
band low noise amplifier are deactivated, as are the transistors Q6 and Q7 of the
second operating frequency band power amplifier and the transistors Q9 and Q10 of
the second operating frequency band low noise amplifier.

As referenced herein, activation and deactivation of the various transistors is
understood to include applying appropriate voltage levels thereto. The activated state
refers to a low series resistance of the transistor, typically in the range of a few Ohms
to several tens of Ohms. The deactivated state refers to a substantially high series
resistance, typically in the range of several Kilo-Ohms and higher.

The switching transistor Q8 of the second operating frequency band block 236
may be activated or deactivated, while the switching transistor Q3 of the first
operating frequency band block 234 is activated. Deactivating the switching transistor
Q8 is understood to be appropriate if the voltage swing at the base-emitter junction of
the second operating frequency low noise amplifier transistor Q9 in the deactivated
state is sufficiently low when the first operating frequency power amplifier is
generating high output power levels. An acceptable voltage swing may be less than
3V. However, if it is greater, than the switching transistor Q8 may be activated.

A common switching transistor Q12 shared by the first operating frequency
band block 234 and the second operating frequency band block 236 is deactivated.
Another common switching transistor Q11 also shared by the first operating

frequency band block 234 and the second operating frequency band block 236 can be
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either activated or deactivated. A first operating frequency band RIF transmission
signal on the first operating frequency band transmit port 226 is amplified by the
transistor stages of Q1 and Q2, and passed to the antenna port 224.

There are several component selection considerations for the first operating
frequency band block 234 that relate to the functionality discussed above. The values
of the capacitors C11 and C12, along with the resistance of the transistor Q3 in the
activated state are selected to define a parallel resonant circuit with the inductor .11
in the first operating frequency band. This resonant resistance is understood to be at
least three to five times higher than the resistive part of the output impedance required
for the transistor Q2 in the first operating frequency band. Thus, the first operating
frequency band low noise amplifier is contemplated to have minimal influence over
the performance of the first operating frequency band power amplifier. Furthermore,
the voltage swing across the base-emitter junction of the transistor Q4 at high transmit
power levels is minimized.

With the impedance from the antenna port 224 having a negative imaginary
part when the transistor Q7 is deactivated and the inductor 1.28 is disconnected, there
is a capacitive load. Accordingly, the inductors 1.27, 1.28, and 1.29 are selected to
compensate therefor. The value of the inductor 1.27 and the capacitor C40, along with
the series resistance of the switching transistor Q11 in the activated state are also
selected to compensate for the aforementioned capacitive load. Along these lines, the
value of the inductor 1.30, the capacitor C43, and the series resistance of the switching
transistor Q12 when activated are likewise selected to compensate for the capacitive
load. The equivalent inductance of the first operating frequency power amplifier is set
for optimal performance based upon the values of the inductors 1.27, 1.28, 1.29, and
130 and the values of the capacitors C40 and C43, and accounting for the series
resistance of the switching transistors Q11 and Q12 in the activated state. More
particularly, this equivalent inductance lLeqv is understood to be 128 + [.27 *
L29/(1.28+1.29).

In a first operating frequency band receive mode, the transistors Q4 and Q5
associated with the first operating frequency band low noise amplifier are activated.
The transistors Q1 and Q2 of the first operating frequency band power amplifier are
deactivated, as are the transistors Q6 and Q7 of the second operating frequency band

power amplifier and the transistors Q9 and Q10 of the second operating frequency
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band low noise amplifier. The switching transistor Q3 of the first operating frequency
band block 234 and the switching transistor Q8 of the second operating frequency
band block 236 are deactivated. The common switching transistor Q12 is activated,
while the other common switching transistor Q11 may be either activated or
deactivated. A first operating frequency band RIF transmission signal on the antenna
port 224 is amplified by the transistor stages of Q4 and QS5, and passed to the first
operating frequency band receive port 228.

Again, there are several component selection considerations for the first
operating frequency band block 234 that relate to the functionality above. In
particular, the size and operating conditions of the transistor Q4 are selected to
achieve a substantially similar resistive part of the impedance between the base of the
transistor Q4 and ground in an activated state in the first operating frequency band,
and the resistive part of the output impedance required for the transistor Q2 in the
activated state, thereby optimizing the linear operation of the same. The capacitor C13
and the inductor .11 are selected to minimize the noise figure of the first operating
frequency band receive block 234b during activation to be at most 3 dB. Furthermore,
the values of the capacitor C13 and the inductor 1.11 are selected to obtain a good
matching of the activated first operating frequency band receive block 234b at the
antenna port 224. The input return loss (S11) is contemplated to be less than -10dB in
the first operating frequency band. The selection of the capacitor C13 and the inductor
LL11 also involves the consideration of lowering the voltage swing at the base-emitter
junction of the transistor Q4 when is deactivated while the first operating frequency
band power amplifier is activated and transmitting at maximum power levels.

The second operating frequency band block 236 is understood to operate in a
substantially similar way as the first operating frequency band block 234 as described
above. In a second operating frequency band transmit mode, transistors Q6 and Q7 of
the second operating frequency band power amplifier are activated. Additionally, the
transistors Q9 and Q10 associated with the second operating frequency band low
noise amplifier are deactivated, as are the transistors Q1 and Q2 of the first operating
frequency band power amplifier and the transistors Q4 and QS5 of the first operating
frequency band low noise amplifier. The switching transistor Q8 of the second
operating frequency band block 236 is activated, while the switching transistor Q3 of

the first operating frequency band block 234 is deactivated. The common switching
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transistors Q11 and Q12 shared by the first operating frequency band block 234 and
the second operating frequency band block 236 are deactivated. A second operating
frequency band RF transmission signal on the second operating frequency band
transmit port 230 is amplified by the transistor stages of transistors Q6 and Q7, and
passed to the antenna port 224.

The values of the capacitors C30 and C31, along with the resistance of the
transistor Q8 in the activated state are selected to define a parallel resonant circuit
with the inductor [.23 in the second operating frequency band. This resonant
resistance is understood to be at least three to five times higher than the resistive part
of the output impedance required for the transistor Q7 in the first operating frequency
band. Thus, the second operating frequency band low noise amplifier is contemplated
to have minimal influence over the performance of the second operating frequency
band power amplifier. Furthermore, the voltage swing across the base-emitter junction
of the transistor Q9 at high transmit power levels is minimized.

The capacitor C42 and the inductor 1.30 are selected to define a series
resonance at the second operating frequency band. The resistive part of the impedance
is contemplated to be below 2 to 5 Ohms, thus minimizing the influence of the first
operating frequency band block 234.

In a second operating frequency band receive mode, the transistors Q9 and
Q10 associated with the second operating frequency band low noise amplifier are
activated. The transistors Q6 and Q7 of the second operating frequency band power
amplifier are deactivated, as are the transistors Q1 and Q2 of the first operating
frequency band power amplifier and the transistors Q4 and Q5 of the second
operating frequency band low noise amplifier. The switching transistor Q3 of the first
operating frequency band block 234 and the switching transistor Q8 of the second
operating frequency band block 236 are deactivated. The common switching
transistors Q11 and Q12 are deactivated. A second operating frequency band RF
transmission signal on the antenna port 224 is amplified by the transistor stages of
transistors Q9 and Q10, and passed to the second operating frequency band receive
port 232.

The size and operating conditions of the transistor Q9 are selected to achieve a
substantially similar resistive part of the impedance between the base of the transistor

Q9 and ground in an activated state in the second operating frequency band, and the
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resistive part of the output impedance required for the transistor Q7 in the activated
state, thereby optimizing the linear operation of the same. The capacitor C32 and the
inductor [.23 are selected to minimize the noise figure of the second operating
frequency band receive block 236b during activation to be at most 3 dB. Furthermore,
the values of the capacitor C32 and the inductor 1.23 are selected to obtain a good
matching of the activated second operating frequency band receive block 236b at the
antenna port 224. The input return loss (S11) is contemplated to be less than -10dB in
the second operating frequency band. The selection of the capacitor C32 and the
inductor [.23 also involves the consideration of lowering the voltage swing at the
base-emitter junction of the transistor Q9 when is deactivated while the second
operating frequency band power amplifier is activated and transmitting at maximum
power levels.

With the contemplated use of the various front end circuits in IEEE 802.11
wireless networking applications, several transmit performance requirements are
imposed thereby. For instance, adequate spectrum purity is necessary, such that the
performance of other wireless communications systems that may be concurrently
operating is not degraded. Another requirement is signal harmonics rejection, which,
as described above in relation to the RF communications systems 100, can be
implemented external to the front end circuit in the connection to the antennas 116,
118. The second order harmonics of the 2.4 GHz operating frequency band falls in to
the 5 GHz operating frequency band, and so as to avoid degrading the performance in
the 5 GHz operating frequency band, there is no filtering at a common port. The
second embodiment of the front end circuit 220b includes a second order harmonics
filter comprised of the series resonance chain including the capacitor C35 and the
inductor [.25 for the second operating frequency band of 2.4 GHz, as well as the
series resonance chain with the capacitor C17 and inductor .12 for the first operating
frequency band of 5 GHz. Further, implementing these series resonance chains
externally with lumped elements is understood to sufficiently reject the second order
harmonics that may not be possible with on-die implementations. In this regard, the
second order harmonic filter for the 5 GHz operating frequency band can be provided
on-die, with additional external filtering for the third and higher order harmonics of

the 2.4 GHz operating frequency band.
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Notwithstanding the disclosed specifics of the second embodiment of the front
end circuit 220b above, it will be recognized that several other additional features
disclosed in Applicant’s co-pending applications incorporated by reference herein
may also be included. Along these lines, while the 5 GHz operating frequency band
was referred to as the first operating frequency band, and the 2.4 GHz operating
frequency band was referred to the second operating frequency band, this is by way of
example only and not of limitation. The specific operating frequency bands may be
reversed, and the above description of the features would be applicable to such
alternative embodiments as well. The front end circuit 220b, and in particular the
transistors of the low noise amplifiers and the power amplifiers thereof, are shown as
bipolar junction type devices, and the switching transistors are shown as field-effect
type devices. However, any other suitable transistor type or semiconductor technology
may be substituted.

As shown in the schematic diagrams of FIGS. 10, 10A, and 10B, a third
embodiment of the front end circuit 220c may be utilized with a transceiver 106 that
has a single transmit-receive line for a first operating frequency band and a second
operating frequency band. Accordingly, the front end circuit 220c has a transmit-
receive port 238, The front end circuit 220c is also connected to an antenna, for which
there is the one antenna port 224. The operational characteristics and the selection of
components of the third embodiment of the front end circuit 220c are similar to those
of the second embodiment of the front end circuit 220b. Generally, it is understood
that received R signals are amplified by various low noise amplifiers tuned for a
particular operating frequency band and activated in a predetermined manner, and
transmitted RE signals are amplified by various power amplifiers also tuned for a
particular operating frequency band and activated in a different predetermined
manner.

There are some differences, however, relating to the switching circuitry for
connecting the multiple inputs to the power amplifiers and the multiple outputs from
the low noise amplifiers to the one transmit-receive port 238. Namely, the input for
the first operating frequency band power amplifier is connected to the transmit-
receive port 238 via a switching transistor Q13 and a decoupling capacitor C44, with
the switching transistor Q13 being switched on and off with a control voltage V19.

The output of the first operating frequency band low noise amplifier is connected to
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the transmit-receive port 238 via a switching transistor Q14 and a decoupling
capacitor C46. The switching transistor Q14 is switched on and off with a control
voltage V20. Additionally, the input for the second operating frequency band power
amplifier is connected to the transmit-receive port 238 via a switching transistor Q15
and a decoupling capacitor C48. As with the others, the switching transistor Q15 is
switched on and off with a control voltage V21. Finally, the output of the second
operating frequency band low noise amplifier is connected to the transmit-receive port
238 via a switching transistor Q16 that is switched on and off with a control voltage
V22. There is also a decoupling capacitor C50. It is understood that with the
switching transistors turned on or in an activated state, there is a low series resistance
of typically less than 5 Ohm. With the switching transistors turned off or in a
deactivated state, there is a high resistance of greater than 1k Ohms. The switching
transistors are understood to have a small size and lower power dissipation, as the
typical RIF signal before amplification by the power amplifier and even after
amplification by the low noise amplifier, is well below 10 dBm.

In the first operating frequency band transmit mode, along with the
appropriate amplifier transistors being activated as described above, the switching
transistor Q13 is activated, while the other switching transistors Q14, Q15, and Q16
are deactivated. The first operating frequency band signal on the transmit-receive port
238 is passed through the switching transistor Q13 and amplified by the transistors Q1
and Q2, and then passed to the antenna port 224.

In the first operating frequency band receive mode, along with the appropriate
amplifier transistors being activated as described above, the switching transistor Q14
is activated, while the remaining switching transistors Q13, Q15, and Q16 are
deactivated. The first operating frequency band signal on the antenna port 224 is
amplified by the transistors Q4 and QS5, and passed through the switching transistor
Q14 to the transmit-receive port 238.

In the second operating frequency band transmit mode, along with the
appropriate amplifier transistors being activated as described above, the switching
transistor Q15 is activated, while the other switching transistors Q13, Q14, and Q16
are deactivated. The second operating frequency band signal on the transmit-receive
port 238 is passed through the switching transistor Q15 and amplified by the

transistors Q6 and Q7, and then passed to the antenna port 224.
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In the second operating frequency band receive mode, along with the
appropriate amplifier transistors being activated as described above, the switching
transistor Q16 is activated, while the remaining switching transistors Q13, Q14, and
Q15 are deactivated. The second operating frequency band signal on the antenna port
224 is amplified by the transistors Q9 and Q10, and passed through the switching
transistor Q16 to the transmit-receive port 238.

As indicated above, the performance of the second embodiment of the front
end circuit 220b is substantially similar to that of the third embodiment 220c.
However, there are some differences, including a slightly lower gain in the transmit
and receive modes attributable in part to the switching transistors Q13, Q14, Q15, and
Q16. However, this loss in gain can be compensated with appropriate tuning of the
matching circuits, as well as the operating currents of the front end circuit 220b. The
noise figure degradation in the receive chains is below 0.1~0.2 dB, with the gain of
the same being set to above 10 dB.

FIG. 11, and in particular, FIGS. 11A and 11B, depict a fourth embodiment of
the front end circuit 220d that may be utilized with a transceiver 106 that has one
transmit-receive line for a first operating frequency band and a second operating
frequency band. In this regard, the fourth embodiment 220d is similar to the third
embodiment 220c discussed above, and the operational characteristics and the
selection of components are as well. Like that embodiment, the front end circuit 220d
has the one transmit-receive port 238 and the one antenna port 224.

Instead of utilizing and independent cascode transistor such as transistor Q5
for the first operating frequency band low noise amplifier, the cascode transistor Q10
is shared with the second operating frequency low noise amplifier. Thus, the die area
may be reduced as a result of eliminating one cascode transistor. Furthermore, with
the shared cascode transistor, there is no longer a need for the switching transistor
Q14, as well as the output matching circuits associated with the independent cascode
transistor.

In both the first operating frequency receive mode and the second operating
frequency receive mode, the shared transistor Q10 is activated. Additionally, the
output matching circuit including the inductor 1.22 and capacitors C27 and C29 are
tuned for both the first operating frequency band and the second operating frequency

band, while the transistor Q4 is tuned specifically for the first operating frequency



10

15

20

25

30

WO 2011/085125 PCT/US2011/020413

30

band and the transistor Q9 is tuned specifically for the second operating frequency
band in the same manner discussed above.

FIG. 12, as well as FIGS. 12A and 12B, show fifth embodiment of the front
end circuit 220e that may be utilized with a transceiver 106 that has a single transmit-
receive line for a first operating frequency band and a second operating frequency
band. This embodiment 220e¢ is similar to the third embodiment 220c and the fourth
embodiment 220d discussed above, particularly with regard to the operational
characteristics and the selection of components. Like those previously described
embodiments, the front end circuit 220e has the one transmit-receive port 238 and the
one antenna port 224,

Further to the fourth embodiment 220d, another switching transistor, that is,
the switching transistor Q15 thereof, is eliminated in the fifth embodiment 220e.
Instead, the inputs of the second operating frequency power amplifier and the first
operating frequency power amplifier are connected to a respective one of the cascode
transistors Q16, Q17 with a common transistor Q15.

Appropriate matching circuitry is included for each of these transistors. The
switching transistor Q15 is activated for both the first operating frequency band
transmit mode as well as the second operating frequency band transmit mode. The
matching circuit for the cascode transistor Q17, including the inductors 1.34, 1.2, and
1.3, and capacitors C1 and C2 are tuned to match the impedance of the collector of the
cascode transistor Q17 to the base of the transistor Q1 in the first operating frequency
band. Likewise, the matching circuit for the cascode transistor Q16, including the
inductors .33, .15, .16, and capacitors C20 and C21 are tuned to match the
impedance of the collector of the cascode transistor Q16 to the base of the transistor
Q6 in the second operating frequency band.

The cascode transistor Q17 is activated in the first operating frequency band
transmit mode, along with the aforementioned power amplifier transistors Q1 and Q2.
The cascode transistor Q16 is activated in the second operating frequency band
transmit mode together with the power amplifier transistors Q6 and Q7. As will be
recognized, additional amplification is provided by the transistors Q15, Q16, and
Q17, and is therefore suitable for Wireless LAN implementations in which the
transceiver 106 have a low transmit output power, and or substantial losses between

the transceiver 106 and the front end circuit 220e.
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With reference to FIG. 13, a fourth embodiment of the RF communications
system 100d is contemplated. Although the transceiver 106 includes the first
operating frequency band transmit port 108, the first operating frequency band
primary receive port 110a, the first operating frequency band secondary receive port
110b, the second operating frequency band transmit port 112, the second operating
frequency band primary receive port 114a, and the second operating frequency band
secondary receive port 114b, the manner in which these ports are connected to the
first front end circuit 140 differs. Single operating frequency band transmit and dual
operating frequency band receive is possible with this configuration.

The first operating frequency band transmit port 108 is connected to the first
operating frequency band transmit band-pass filter 128, while the second operating
frequency transmit port 112 is connected to the second operating frequency band
transmit band-pass filter 134. These two band-pass filters are connected to the
respective H and L. ports of a first dual band diplexer 240. The S port of the first dual
band diplexer 240 is connected to a throw of the switch SW1. The other throw of the
switch SW1 is connected to an S port of a second dual band diplexer 242, with the H
port being connected to the first operating frequency band primary receive port 110a,
and the L. port being connected to the second operating frequency band primary
receive port 114a, Thus, the switch SW1 selects between either of the two transmit
ports, or either of the two receive ports of the transceiver 106. In addition to the RF
signals transmitted and received by the transceiver 106, the bias supply voltage 204 is
coupled to the first interconnect cable 132.

The transmit-receive module 127 is connected to the first interconnect cable
132, as well as the first antenna cable 120 that links the transmit-receive module 127
to the first antenna 116. In further detail, the transmit-receive module 127 includes the
front end circuit 220, and one the three embodiments of the front end circuit 220c-e
that contemplates the single transmit-receive port 238 may be utilized. The front end
circuit 220 has a first operating frequency band power amplifier 246, a first operating
frequency band low noise amplifier 248, a second operating frequency band low noise
amplifier 250, and a second operating frequency band power amplifier 252. The input
of the first operating frequency band low noise amplifier 248 is selectively connected
to the transmit-receive port 238 via a second switch SW2. Similarly, the input of the

second operating frequency band low noise amplifier 252 is selectively connected to
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the transmit-receive port 238 via a fifth switch SWS5. The output of the first operating
frequency band low noise amplifier 248 is selectively connected to the transmit-
receive port 238 via a third switch SW3, while the output of the second operating
frequency band low noise amplifier 250 is selectively coupled to the transmit-receive
port 238 via a fourth switch SW4. Generally, these switches are understood to
correspond to the switching transistors Q13, Q16, Q14, and Q15, respectively, along
with the associated control circuits and decoupling capacitors in the aforementioned
front end circuit 220c.

Similarly, the output of the first operating frequency band low noise amplifier
248 is selectively connected to a common junction 254 via a sixth switch SW6. The
output of the second operating frequency band low noise amplifier 252 is selectively
connected to the common junction 254 via a ninth switch SW9. The input of the first
operating frequency band low noise amplifier 248 is selectively connected to the
common junction 254 via a seventh switch SW7. The input of the second operating
frequency band low noise amplifier 250 is selectively coupled to common junction
254 via an eighth switch SWS.

The common junction 254 is tied to a combined operating frequency band
third order harmonics filter 256. The first operating frequency power amplifier 246,
however, is separately connected to a first operating frequency band second order
harmonics filter 258. The second operating frequency band power amplifier 252 is
likewise connected to a separate second operating frequency band second order
harmonics filter 172. The combined operating frequency band third order harmonics
filter 256 is connected to the antenna port 224, to which the first antenna cable 120
and the first antenna 116 are connected.

Control of the front end circuit 220 is possible via a differently configured set
of control lines 260, which includes a operating frequency band selection line 260a, a
transmit/receive function selection line 260b, and a transmit power detector output
line 260c. The bias supply voltage 204 is connected over the signal transmission line
of the interconnect cable 132 in the manner described above.

The secondary receive ports, that is, the first operating frequency band
secondary receive port 110b and the second operating frequency band secondary
receive port 114b, are connected to the H port and the L. port of a third dual band

diplexer 244, respectively. A conventional cable 246, with its attendant signal losses,



10

15

20

25

30

WO 2011/085125 PCT/US2011/020413

33

connects the S port of the third dual band diplexer 244 to the second antenna 118.
Because of the losses associated with this conventional connection to the second
antenna 118, it is understood that throughput and/or link distance may be slightly
reduced. The following fifth embodiment of the RFF communications system 100e
may resolve this, however.

With reference to the block diagram of FIG. 14, the fifth embodiment 100e
utilizes the transceiver 106 with additional first and second operating frequency band
transmit ports, thus enabling true dual band transmit/dual band receive functionality.
This configuration is contemplated to increase link distanced by over a factor of four.
In further detail, the transceiver 106 includes a first operating frequency band primary
transmit port 108a, as well as a first operating frequency band secondary transit port
108b. There is also a second operating frequency band primary transmit port 112a,
and a second operating frequency band secondary transmit port 112b.

Generally, the primary transmit and receive ports are connected to the first
transmit-receive module 122 with the front end circuit 220, also referenced as a first
embodiment of the front end circuit 220a, and the secondary transmit and receive
ports are connected to the second transmit-receive module 126 with a second
embodiment of the front end circuit 220b. It is contemplated that the second
embodiment of the front end circuit 220b is configured identically to the first
embodiment of the front end circuit 220a. Additionally, the band pass filters 128, 134,
as well as the configuration of the diplexers 240, 242 for the primary transmit and
receive ports are duplicated for the secondary transmit receive ports.

In accordance with the various embodiments of the RIF communications
system 100 and the front end circuits 220 discussed herein, substantial performance
improvements in wireless LAN applications are contemplated. Specifically,
sensitivity is enhanced, and link distances can be increased. With a proper placement
of the front end circuit 220 close to the antennas 116, 118, a single die
implementation thereof can be a drop-in replacement in existing wireless LAN
architectures.

The particulars shown herein are by way of example and for purposes of
illustrative discussion of the embodiments of the present invention only and are
presented in the cause of providing what is believed to be the most useful and readily

understood description of the principles and conceptual aspects of the present
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invention. In this regard, no attempt is made to show details of the present invention
with more particularity than is necessary for the fundamental understanding of the
present invention, the description taken with the drawings making apparent to those
skilled in the art how the several forms of the present invention may be embodied in

practice.



10

15

20

25

30

WO 2011/085125 PCT/US2011/020413

35

WHAT IS CLAIMED IS:
1. A radio frequency (RIF) communications system with a first operating
frequency band and a second operating frequency band, the system comprising:

a first antenna;

a second antenna;

a transceiver with a first operating frequency band transmission port, a
second operating frequency band transmission port, a first operating frequency band
primary reception port, a second operating frequency band secondary reception port, a
second operating frequency band primary reception port, and a second operating
frequency band secondary reception port;

a first front end circuit including a first operating frequency band low
noise amplifier, a second operating frequency band low noise amplifier, and a first
operating frequency band power amplifier, the first front end circuit being connected
to the first antenna;

a second front end circuit including a first operating frequency band
low noise amplifier, a second operating frequency band low noise amplifier, and a
second operating frequency band power amplifier, the second front end circuit being
connected to the second antenna;

a first switching circuit selectively connecting the first operating
frequency band transmission port, the first operating frequency band primary
reception port, and the second operating frequency band secondary reception port to
the first front end circuit; and

a second switching circuit selectively connecting the second operating
frequency band transmission port, the first operating frequency band secondary
reception port, and the second operating frequency band primary reception port to the
second front end circuit;

wherein the first antenna and the second antenna are distant from the
transceiver, the first and second front end circuit are proximal to the respective one of
the first and second antenna, and the first and second switching circuits are proximal
to the transceiver.

2. The RF communications system of Claim 1, wherein the front end
circuits and the switching circuits have a transmit mode, a first receive mode, and a

second receive mode.
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3. The RF communications system of Claim 2, wherein in the transmit
mode a first transmit signal of the first operating frequency band generated on the first
operating frequency band transmission port is passed to the first antenna, and a second
transmit signal of the second operating frequency band generated on the second
operating frequency band transmission port is passed to the second antenna.

4, The RF communications system of Claim 2, wherein in the first
receive mode, a first receive signal on the first antenna is passed to the first operating
frequency band primary reception port, and a second receive signal on the second
antenna is passed to the first operating frequency band secondary reception port.

5. The RF communications system of Claim 2, wherein in the second
receive mode, a first receive signal on the first antenna is passed to the second
operating frequency band secondary reception port, and a second receive signal on the
second antenna is passed to the second operating frequency band primary reception
port.

6. The RF communications system of Claim 2, wherein the transmit
mode and the first receive mode are concurrently activated.

7. The RF communications system of Claim 2, wherein the transmit
mode and the second receive mode are concurrently activated.

8. The RF communications system of Claim 2, wherein the first receive
mode and the second receive mode are concurrently activated.

9. The RF communications system of Claim 1, further comprising:

a first operating frequency band harmonics filter interconnected
between the first antenna and the first front end circuit for filtering out the second
harmonic frequencies and third harmonic frequencies of the first operating frequency
in a transmit mode.

10. The RF communications system of Claim 1, further comprising:

a second operating frequency band harmonics filter interconnected
between the second antenna and the second front end circuit for filtering out the third
harmonic frequencies of the second operating frequency in a transmit mode.

11. The RF communications system of Claim 1, further comprising:

a second operating frequency band harmonics filter coupled to the
second operating frequency band power amplifier for filtering out the second

harmonic frequencies of the second operating frequency in a transmit mode.
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12. The RF communications system of Claim 1, wherein:

the first front end circuit further includes a combined first and second
operating frequency band low noise amplifier, with the corresponding first operating
frequency band low noise amplifier and the second operating frequency band low
noise amplifier connected thereto; and

the second front end circuit further includes a combined first and
second operating frequency band low noise amplifier, with the corresponding first
operating frequency band low noise amplifier and the second operating frequency
band low noise amplifier connected thereto.

13. The RF communications system of Claim 1, wherein:

the first switching circuit selectively interconnects the first front end
circuit to a first bandpass filter for the first operating frequency band transmission
port and a first diplexer connected to the first operating frequency band primary
reception port and the second operating frequency band secondary reception port; and

the second switching circuit selectively interconnects the second front
end circuit to a second bandpass filter for the first operating frequency band
transmission port and a second diplexer connected to the first operating frequency
band secondary reception port and the second operating frequency band primary
reception port.

14. The RF communications system of Claim 1, further comprising:

a first transmit power level detector circuit connected to the first
operating frequency band power amplifier and the transceiver; and

a second transmit power level detector circuit connected to the second
operating frequency band power amplifier and the transceiver.

15. The RF communications system of Claim 1, further comprising:

a first cable connecting the first switching circuit to the first front end
circuit, the first cable including a first set of controls lines from the transceiver;

a second cable connecting the second switching circuit to the second
front end circuit, the second cable including a second set of control lines from the
transceiver.

16. The RF communications system of Claim 14, wherein the first set of
control lines of the first cable is connected to the first front end circuit, and the second

set of control lines of the second cable is connected to the second front end circuit.
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17. The RF communications system of Claim 15, wherein a subset of the
first set of control lines of the first cable is connected to the first front end circuit and
the second front end circuit, and a subset of the second set of control lines of the
second cable is connected to the first front end circuit and the second front end circuit.

18. The RF communications system of Claim 15, wherein power is
supplied to the first and second front end circuits through a one of the first cable and
the second cable.

19. The RF communications system of Claim 18, wherein the one of the
cables includes:

a coaxial center conductor;

a coaxial outer conductor substantially encompassing the coaxial
center conductor;

one or more electrically isolated control line carrier conductors
extending along an outer periphery of the coaxial outer conductor; and

a common envelope covering the coaxial outer conductor and the one
or more control line carrier conductors.

20). The RIF communications system of Claim 19, wherein the bias supply
voltage and RT signals to and from the respective one of the first and second front end
circuits is carried in the coaxial center conductor.

21. The RF communications system of Claim 1, wherein:

the RF transceiver is compliant with the IEEE 802.11 wireless local
area network standard;

the first operating frequency band is 2.4 GHz; and

the second operating frequency band is 5 GHz.

22. The RF communications system of Claim 1, wherein:

the first antenna and the second antenna are attached to a cover of a
laptop computer; and

the transceiver is fixed to a main board of the laptop computer separate
from the cover thereof.

23. A radio frequency (RIF) communications system with a first operating
frequency band and a second operating frequency band, the system comprising:

a first antenna;

a second antenna;
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a transceiver with a first operating frequency band primary
transmission port, a second operating frequency band primary transmission port, a
first operating frequency band primary reception port, and a second operating
frequency band primary reception port;

a first front end circuit with a first port coupled to the first antenna and
a second port coupled to the transceiver, the first front end circuit including a first
operating frequency band low noise amplifier, a second operating frequency band low
noise amplifier, a first operating frequency band power amplifier, and a second
operating frequency band power amplifier;

a first switching circuit selectively connecting the first operating
frequency band primary transmission port, the first operating frequency band primary
reception port, the second operating frequency band primary transmission port, and
the second operating frequency band secondary reception port to the second port of
the first front end circuit; and

wherein the first antenna and the second antenna are distant from the
transceiver, the first front end circuit is proximal to the first and second antenna, and
the first switching circuit is proximal to the transceiver.

24, The RF communications system of Claim 23, wherein the first
switching circuit selectively interconnects the second port of the first front end circuit
to a first diplexer connected to the first operating frequency band primary
transmission port and the second operating frequency band primary transmission port,
and a second diplexer connected to the first operating frequency band primary
reception port and the second operating frequency band primary reception port.

25. The RFF communications system of Claim 23, further comprising:

a first transmit power level detector circuit connected to the first
operating frequency band power amplifier of the first front end circuit, the second
operating frequency band power amplifier of the first front end circuit, and the
transceiver.

26. The RF communications system of Claim 23, wherein the first front
end circuit further includes:

a first bank of switches each selectively connecting to the first port of
the first front end circuit, an output of the first operating frequency band power

amplifier, an output of the second operating frequency band power amplifier, an input
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of the first operating frequency band low noise amplifier, and an input of the second
operating frequency band low noise amplifier.

27. The RF communications system of Claim 23, wherein the first front
end circuit further includes:

a second bank of switches each selectively connecting to the second
port of the first front end circuit, an input of the first operating frequency band power
amplifier, an input of the second operating frequency band power amplifier, an output
of the first operating frequency band low noise amplifier, and an output of the second
operating frequency band low noise amplifier.

28. The RFF communications system of Claim 23, further comprising:

a combined first operating frequency band and second operating
frequency band harmonics filter interconnected between the first antenna and the first
front end circuit.

29. The RFF communications system of Claim 23, further comprising:

a second operating frequency band harmonics filter coupled to the
second operating frequency band power amplifier for filtering out the second
harmonic frequencies of the second operating frequency in a transmit mode.

30. The RFF communications system of Claim 23, further comprising:

a first operating frequency band harmonics filter interconnected
between the first antenna and the first front end circuit for filtering out the second
harmonic frequencies of the first operating frequency in a transmit mode.

31. The RF communications system of Claim 23, wherein the transceiver
further includes a first operating frequency band secondary reception port and a
second operating frequency band secondary reception port.

32. The RF communications system of Claim 31, further comprising:

a first diplexer connecting the second antenna to the first operating
frequency band secondary reception port and the second operating frequency band
secondary reception port.

33. The RF communications system of Claim 31 wherein the transceiver
further includes a first operating frequency band secondary transmission port and a
second operating frequency band secondary transmission port.

34, The RF communications system of Claim 33, further comprising:
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a second front end circuit with a first port coupled the second antenna
and a second port coupled to the transceiver, the second front end circuit including a
first operating frequency band low noise amplifier, a second operating frequency band
low noise amplifier, a first operating frequency band power amplifier, and a second
operating frequency band power amplifier; and

a second switching circuit selectively connecting the first operating
frequency band secondary transmission port, the first operating frequency band
secondary reception port, the second operating frequency band second transmission
port, and the second operating frequency band secondary reception port to the second
port of the second front end circuit.

35. The RF communications system of Claim 34, wherein the second
switching circuit selectively interconnects the second port of the second front end
circuit to a third diplexer connected to the first operating frequency band secondary
transmission port and the second operating frequency band secondary transmission
port, and a fourth diplexer connected to the first operating frequency band secondary
reception port and the second operating frequency band secondary reception port.

36. The RF communications system of Claim 23, wherein:

the R transceiver is compliant with the Institute of Electrical and
Electronics Engineers (IEEE) 802.11 wireless local area network standard; and

the first operating frequency band is 2.4 GHz; and

the second operating frequency band is 5 GHz.

37. The RF communications system of Claim 23, wherein:

the first antenna and the second antenna are attached to a cover of a
laptop computer; and

the transceiver is fixed to a main board of the laptop computer separate
from the cover thereof.

38. An RF front end circuit for coupling a transceiver with a first operating
frequency band and a second operating frequency band to an antenna, the front end
circuit comprising:

an antenna port;
a first operating frequency band transmission port;
a second operating frequency band transmission port;

a first operating frequency band reception port;
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a second operating frequency band reception port;

a first operating frequency band transmit-receive block including:

a first operating frequency band power amplifier coupled to the first
operating frequency band transmission port; and

a first operating frequency band low noise amplifier coupled to the first
operating frequency band reception port;

a first operating frequency band switching network connected to the
first operating frequency band power amplifier and the first operating frequency band
low noise amplifier, the first operating frequency band switching network including at
least one resonant circuit defining a parallel resonance with a resonant resistance in an
activated state;

a second operating frequency band transmit-receive block including:

a second operating frequency band power amplifier coupled to the
second operating frequency band transmission port;

a second operating frequency band low noise amplifier coupled to the
second operating frequency band reception port; and

a second operating frequency band switching network connected to the
second operating frequency band power amplifier and the second operating frequency
band low noise amplifier, the second operating frequency band switching network
including a resonant circuit defining a parallel resonance with a resonant resistance in
an activated state;

wherein the first operating frequency band switching network and the
second operating frequency band matching network are connected to the antenna port.

39. The front end circuit of Claim 38, wherein the first operating frequency
band transmission port, a second operating frequency band transmission port, a first
operating frequency band reception port, a second operating frequency band reception
port are common as a combined first and second operating frequency band transmit
and reception port.

40. The front end circuit of Claim 39, further comprising:

at least one switching transistor circuit coupled to at least one of the
first operating frequency band transmission port, the second operating frequency band

transmission port, the first operating frequency band reception port.
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41. The front end circuit of Claim 39, wherein a first stage of the first
operating frequency band low noise amplifier and a first stage of the second operating
frequency band low noise amplifier are independent.

42, The front end circuit of Claim 41, wherein a second stage of the first

5 operating frequency band low noise amplifier and a second stage of the second
operating frequency band low noise amplifier are independent.

43, The front end circuit of Claim 41, wherein a second stage of the first
operating frequency band low noise amplifier and a second stage of the second
operating frequency band low noise amplifier share a common cascode transistor

10 stage.

44, The front end circuit of Claim 39, further comprising:

a switching transistor circuit coupled to an input of the first operating
frequency band power amplifier and an input of the second operating frequency band
power amplifier.

15 45, The front end circuit of Claim 44, wherein the switching transistor
circuit includes:

a common transistor stage coupled to the combined first and second
operating frequency band transmit reception port;

a first cascode transistor stage coupled to the first operating frequency

20 band power amplifier and the common transistor stage; and
a second cascode stage coupled to the second operating frequency band

power amplifier and the common transistor stage.
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