US 20100167673A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2010/0167673 A1l

Vavelidis et al.

43) Pub. Date: Jul. 1, 2010

(54)

(76)

@
(22)

(63)

(60)

METHOD AND SYSTEM FOR RF FRONT-END
CALIBRATION SCHEME USING
FRACTIONAL-N FREQUENCY
SYNTHESIZED SIGNALS AND RSSI

Inventors:

Konstantinos D. Vavelidis,
Tlioupolis (GR); Charalampos P.
Kapnistis, Petki (GR); Iason F.
Vassiliou, Athens (GR)

Correspondence Address:
MCANDREWS HELD & MALLOY, LTD
500 WEST MADISON STREET, SUITE 3400

CHICAGO, IL
Appl. No.:

Filed:

60661
12/709,974

Feb. 22, 2010

Related U.S. Application Data

Continuation of application No. 11/432,450, filed on
May 11, 2006, now Pat. No. 7,668,521.

Provisional application No. 60/778,232, filed on Mar.

2, 2006.

Publication Classification

(51) Int.CL
HO4B 1/16 (2006.01)

(52) US.CL i 455/150.1

(57) ABSTRACT

Aspects of a method and system for an RF front-end calibra-
tion scheme using signals from a fractional-N frequency syn-
thesized and received signal strength indicator (RSSI) are
provided. A frequency synthesizer within a wireless receiver
may generate a signal for dynamically modifying a gain in an
integrated low-noise amplifier (LNA) for each selected
receiver channel. The frequency-synthesized signals may be
applied to at least one tunable load communicatively coupled
to the LNA. The tunable load may be an input load or an
output load. The signal generated by the frequency synthe-
sizer may be sequentially applied to the input load and the
output load. A logarithmic amplifier may generate an RSSI
signal from the LNA output during the calibration process.
The RSSI signal may be utilized for controlling a tunable load
coupled to the LNA and optimize the tuning of the LNA in a
desired channel by adjusting the tunable load.
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METHOD AND SYSTEM FOR RF FRONT-END
CALIBRATION SCHEME USING
FRACTIONAL-N FREQUENCY
SYNTHESIZED SIGNALS AND RSSI

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE

[0001] This application makes reference to, claims priority
to, and claims the benefit of U.S. Provisional Application Ser.
No. 60/778,232 filed on Mar. 2, 2006.

[0002] This patent application makes reference to:

U.S. application Ser. No. 11/385,390 filed on Mar. 21, 2006;
U.S. application Ser. No. 11/385,423 filed on Mar. 21, 2006;
and

U.S. application Ser. No. (Attorney Docket No.
17539U8S01) filed on even date herewith.

[0003] The above stated applications are hereby incorpo-
rated by reference in their entirety.

FIELD OF THE INVENTION

[0004] Certain embodiments of the invention relate to on-
chip RF tuners. More specifically, certain embodiments of the
invention relate to a method and system for an RF front-end
calibration scheme using signals from a fractional-N fre-
quency synthesizer and a received signal strength indicator
(RSSD).

BACKGROUND OF THE INVENTION

[0005] Broadcasting and telecommunications have histori-
cally occupied separate fields. In the past, broadcasting was
largely an “over-the-air” medium while wired media carried
telecommunications. That distinction may no longer apply as
both broadcasting and telecommunications may be delivered
over either wired or wireless media. Present development
may adapt broadcasting to mobility services. One limitation
has been that broadcasting may often require high bitrate data
transmission at rates higher than could be supported by exist-
ing mobile communications networks. However, with emerg-
ing developments in wireless communications technology,
even this obstacle may be overcome.

[0006] Terrestrial television and radio broadcast networks
have made use of high power transmitters covering broad
service areas, which enable one-way distribution of content to
user equipment such as televisions and radios. By contrast,
wireless telecommunications networks have made use of low
power transmitters, which have covered relatively small areas
known as “cells”. Unlike broadcast networks, wireless net-
works may be adapted to provide two-way interactive ser-
vices between users of user equipment such as telephones and
computer equipment.

[0007] The introduction of cellular communications sys-
tems in the late 1970’s and early 1980’s represented a signifi-
cant advance in mobile communications. The networks of this
period may be commonly known as first generation, or “1G”
systems. These systems were based upon analog, circuit-
switching technology, the most prominent of these systems
may have been the advanced mobile phone system (AMPS).
Second generation, or “2G” systems ushered improvements
in performance over 1G systems and introduced digital tech-
nology to mobile communications. Exemplary 2G systems
include the global system for mobile communications
(GSM), digital AMPS (D-AMPS), and code division multiple
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access (CDMA). Many of these systems have been designed
according to the paradigm of the traditional telephony archi-
tecture, often focused on circuit-switched services, voice traf-
fic, and supported data transfer rates up to 14.4 kbits/s. Higher
data rates were achieved through the deployment of “2.5G”
networks, many of which were adapted to existing 2G net-
work infrastructures. The 2.5G networks began the introduc-
tion of packet-switching technology in wireless networks.
However, it is the evolution of third generation, or “3G”
technology that may introduce fully packet-switched net-
works, which support high-speed data communications.

[0008] Standards for digital television terrestrial broadcast-
ing (DTTB) have evolved around the world with different
systems being adopted in different regions. The three leading
DTTB systems are, the advanced standards technical com-
mittee (ATSC) system, the digital video broadcast terrestrial
(DVB-T) system, and the integrated service digital broadcast-
ing terrestrial (ISDB-T) system. The ATSC system has
largely been adopted in North America, South America, Tai-
wan, and South Korea. This system adapts trellis coding and
8-level vestigial sideband (8-VSB) modulation. The DVB-T
system has largely been adopted in Europe, the Middle East,
Australia, as well as parts of Africa and parts of Asia. The
DVB-T system adapts coded orthogonal frequency division
multiplexing (COFDM). The OFDM spread spectrum tech-
nique may be utilized to distribute information over many
carriers that are spaced apart at specified frequencies. The
OFDM technique may also be referred to as multi-carrier or
discrete multi-tone modulation. This technique may result in
spectral efficiency and lower multi-path distortion, for
example. The ISDB-T system has been adopted in Japan and
adapts bandwidth segmented transmission orthogonal fre-
quency division multiplexing (BST-OFDM). The various
DTTB systems may differ in important aspects; some sys-
tems employ a 6 MHz channel separation, while others may
employ 7 MHz or 8 MHz channel separations.

[0009] While 3G systems are evolving to provide inte-
grated voice, multimedia, and data services to mobile user
equipment, there may be compelling reasons for adapting
DTTB systems for this purpose. One of the more notable
reasons may be the high data rates that may be supported in
DTTB systems. For example, DVB-T may support data rates
of 15 Mbits/s in an 8 MHz channel in a wide area single
frequency network (SFN). There are also significant chal-
lenges in deploying broadcast services to mobile user equip-
ment. Because of form factor constraints, many handheld
portable devices, for example, may require that PCB area be
minimized and that services consume minimum power to
extend battery life to a level that may be acceptable to users.
Another consideration is the Doppler effect in moving user
equipment, which may cause inter-symbol interference in
received signals. Among the three major DTTB systems,
ISDB-T was originally designed to support broadcast ser-
vices to mobile user equipment. While DVB-T may not have
been originally designed to support mobility broadcast ser-
vices, a number of adaptations have been made to provide
support for mobile broadcast capability. The adaptation of
DVB-T to mobile broadcasting is commonly known as DVB
handheld (DVB-H). The broadcasting frequencies for Europe
are in UHF (bands IV/V) and in the US, the 1670-1675 MHz
band that has been allocated for DVB-H operation. Addi-
tional spectrum is expected to be allocated in the L-band
world-wide. Broadcasting frequencies for VHF channels may
range between 174-240 MHZ, for example.
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[0010] To meet requirements for mobile broadcasting the
DVB-H specification supports time slicing to reduce power
consumption at the user equipment, addition of a 4K mode to
enable network operators to make tradeoffs between the
advantages of the 2K mode and those of the 8K mode, and an
additional level of forward error correction on multi-protocol
encapsulated data-forward error correction (MPE-FEC) to
make DVB-H transmissions more robust to the challenges
presented by mobile reception of signals and to potential
limitations in antenna designs for handheld user equipment.
DVB-H may also use the DVB-T modulation schemes, like
QPSK and 16-quadrature amplitude modulation (16-QAM).

[0011] While several adaptations have been made to pro-
vide support for mobile broadcast capabilities in DVB-T,
concerns regarding device size, cost, and/or power require-
ments still remain significant constraints for the implementa-
tion of handheld portable devices enabled for digital video
broadcasting operations. For example, typical DVB-T tuners
or receivers in mobile terminals may employ super-hetero-
dyne architectures with one or two intermediate frequency
(IF) stages and direct sampling of the passband signal for
digital quadrature down-conversion. Moreover, external
tracking and SAW filters may generally be utilized for chan-
nel selection and image rejection. Such approaches may
result in increased power consumption and high external
component count, which may limit their application in hand-
held portable devices. As a result, the success of mobile
broadcast capability of DVB-T may depend in part on the
ability to develop TV tuners that have smaller form factor, are
produced at lower cost, and consume less power during
operation.

[0012] In the presence of large blocker signals, the gain of
the low noise amplifiers (LNAs), and other components of the
receiver have to be very linear, that is, the output has to have
a linear relationship with the input, to maintain the perfor-
mance of the receiver. This causes increased power consump-
tion by the receiver due to the highly linear characteristics of
various components in the receiver. Blocker signals are
unwanted signals in frequency channels outside the wanted
channel that disturb the reception of the wanted signals. This
happens due to the fact that the blockers generate large signals
within the receiver path. These large signals may introduce
harmonics and intermodulation products or unwanted mixing
products that causes crosstalk with the wanted signals. Simi-
larly, when the required RF signal is weak, there is an increase
in the power consumption of the receiver to achieve a good
noise factor (NF) and a good phase noise. In handheld com-
munication devices such as cell phones, and smart phones, the
increased power consumption may significantly drain the
battery that powers these devices.

[0013] Moreover, the gain in the LNA may be different for
the wanted channel and for the blocker or interference signal.
An LNA is usually “tuned” for a specific frequency range and
may be difficult for the LNA to achieve optimal performance
for a wide frequency range in the presence of blocker signals.
In some instances, for example, the gain provided to the
blocker signal may be larger than for the wanted channel
when the LNA operates over a wide frequency range. This in
turn further affects the harmonics and intermodulation prod-
ucts or unwanted mixing products that crosstalk with the
wanted signals. Developing mechanisms that enable control
of'the LNA gain outside the wanted channel may be necessary
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in order to improve the performance of RF receivers in high
bit rate data transmission applications, such as DVB-H appli-
cations, for example.

[0014] Further limitations and disadvantages of conven-
tional and traditional approaches will become apparent to one
of skill in the art, through comparison of such systems with
some aspects of the present invention as set forth in the
remainder of the present application with reference to the
drawings.

BRIEF SUMMARY OF THE INVENTION

[0015] A system and/or method is provided for an RF front-
end calibration scheme using signals from a fractional-N
frequency synthesizer and a received signal strength indicator
(RSSI), substantially as shown in and/or described in connec-
tion with at least one of the figures, as set forth more com-
pletely in the claims.

[0016] These and other advantages, aspects and novel fea-
tures of the present invention, as well as details of an illus-
trated embodiment thereof, will be more fully understood
from the following description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0017] FIG. 1A is a block diagram illustrating an exem-
plary mobile terminal, accordance with an embodiment of the
invention.

[0018] FIG. 1B is a block diagram illustrating exemplary
communication between a multi-band RF receiver and a digi-
tal baseband processor in a mobile terminal, in accordance
with an embodiment of the invention.

[0019] FIG. 1Cis ablock diagram illustrating an exemplary
single-chip multi-band RF receiver with an integrated LNA in
each front-end, in accordance with an embodiment of the
invention.

[0020] FIG. 1D is a block diagram illustrating an exem-
plary single-chip multi-band RF receiver with on-chip gain
control processing, in accordance with an embodiment of the
invention.

[0021] FIG. 2 is a flow diagram illustrating exemplary steps
in the operation of a single-chip multi-band RF receiver, in
accordance with an embodiment of the invention.

[0022] FIG. 3A is a diagram illustrating an exemplary fixed
tuning curve for an integrated LNA in a multi-band RF
receiver, in connection with an embodiment of the invention.

[0023] FIG. 3B is a diagram illustrating an exemplary
dynamically controlled tuning curve for an integrated LNA in
a multi-band RF receiver, in accordance with an embodiment
of the invention.

[0024] FIG. 4 is a block diagram illustrating an exemplary
system for dynamically controlling the LNA gain, in accor-
dance with an embodiment of the invention.

[0025] FIG. 5 is a schematic diagram illustrating an exem-
plary integrated LNA with tunable input load and tunable
output load, in accordance with an embodiment of the inven-
tion.

[0026] FIGS. 6A and 6B are flow diagrams illustrating
exemplary steps in the calibration of a dynamically controlled
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variable gain LNA for a selected desired channel, in accor-
dance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Certain embodiments of the invention may be found
in a method and system for an RF front-end calibration
scheme using fractional-N frequency synthesized signals and
a received signal strength indicator (RSSI). Aspects of the
invention may comprise a frequency synthesizer within a
wireless receiver that may generate a signal that may be
utilized to dynamically modify a gain in an integrated low-
noise amplifier (LNA) for each selected receiver channel. The
frequency-synthesized signals may be applied to at least one
tunable input and/or at least one tunable output load commu-
nicatively coupled to the LNA. The signal generated by the
frequency synthesizer may be sequentially applied to the
tunable input load and the tunable output load. A logarithmic
amplifier connected to the output of the LNA, may generate
an RSSI signal during the calibration process, which is pro-
portional to the signal power at the output of the LNA. The
RSSI signal may be processed by a control block that subse-
quently generates at least one signal for controlling a tunable
load communicatively coupled to the LNA.

[0028] FIG. 1A is a block diagram illustrating an exem-
plary mobile terminal, in accordance with an embodiment of
the invention. Referring to FIG. 1A, there is shown a mobile
terminal 120 that may comprise an RF receiver 1234, an RF
transmitter 1235, a digital baseband processor 129, a proces-
sor 125, and a memory 127. A receive antenna 121a may be
communicatively coupled to the RF receiver 123a. A transmit
antenna 1215 may be communicatively coupled to the RF
transmitter 1235. The mobile terminal 120 may be operated in
a system, such as the cellular network and/or digital video
broadcast network, for example. The U.S. application Ser.
No. 11/385,390 filed on Mar. 21, 2006, discloses a cellular
network and/or digital video broadcast network in reference
to a method and system for a multi-band direct conversion
CMOS mobile cellular television tuner, and is hereby incor-
porated herein by reference in its entirety.

[0029] The RF receiver 123a may comprise suitable logic,
circuitry, and/or code that may enable processing of received
RF signals. The RF receiver 123a may enable receiving RF
signals in a plurality of frequency bands. For example, the RF
receiver 123a may enable receiving DVB-H transmission
signals via the UHF band, from about 470 MHz to about 890
MHz, the 1670-1675 MHz band, and/or the L-band, from
about 1400 MHz to about 1700 MHz, for example. Moreover,
the RF receiver 123a may enable receiving signals in cellular
frequency bands, for example. Each frequency band sup-
ported by the RF receiver 123a may have a corresponding
front-end circuit for handling low noise amplification and
down conversion operations, for example. In this regard, the
RF receiver 123a may be referred to as a multi-band receiver
when it supports more than one frequency band. In another
embodiment of the invention, the mobile terminal 120 may
comprise more than one RF receiver 1234, wherein each of
the RF receiver 123a may be a single-band or a multi-band
receiver.

[0030] The RF receiver 123a may quadrature down convert
the received RF signal to a baseband frequency signal that
comprises an in-phase (I) component and a quadrature (Q)
component. The RF receiver 123a may perform direct down
conversion of the received RF signal to a baseband frequency
signal, for example. In some instances, the RF receiver 123a
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may enable analog-to-digital conversion of the baseband sig-
nal components before transferring the components to the
digital baseband processor 129. In other instances, the RF
receiver 123a may transfer the baseband signal components
in analog form.

[0031] The digital baseband processor 129 may comprise
suitable logic, circuitry, and/or code that may enable process-
ing and/or handling of baseband frequency signals. In this
regard, the digital baseband processor 129 may process or
handle signals received from the RF receiver 123a and/or
signals to be transferred to the RF transmitter 1235, when the
RF transmitter 1235 is present, for transmission to the net-
work. The digital baseband processor 129 may also provide
control and/or feedback information to the RF receiver 1234
and to the RF transmitter 1235 based on information from the
processed signals. The digital baseband processor 129 may
communicate information and/or data from the processed
signals to the processor 125 and/or to the memory 127. More-
over, the digital baseband processor 129 may receive infor-
mation from the processor 125 and/or to the memory 127,
which may be processed and transferred to the RF transmitter
1235 for transmission to the network.

[0032] The RF transmitter 1235 may comprise suitable
logic, circuitry, and/or code that may enable processing of RF
signals for transmission. The RF transmitter 1235 may enable
transmission of RF signals in a plurality of frequency bands.
Moreover, the RF transmitter 1235 may enable transmitting
signals in cellular frequency bands, for example. Each fre-
quency band supported by the RF transmitter 1235 may have
a corresponding front-end circuit for handling amplification
and up conversion operations, for example. In this regard, the
RF transmitter 1235 may be referred to as a multi-band trans-
mitter when it supports more than one frequency band. In
another embodiment of the invention, the mobile terminal
120 may comprise more than one RF transmitter 1235,
wherein each of the RF transmitter 1235 may be a single-band
or a multi-band transmitter.

[0033] The RF transmitter 1235 may quadrature up convert
the baseband frequency signal comprising I/Q components to
an RF signal. The RF transmitter 1235 may perform direct up
conversion of the baseband frequency signal to a baseband
frequency signal, for example. In some instances, the RF
transmitter 1235 may enable digital-to-analog conversion of
the baseband signal components received from the digital
baseband processor 129 before up conversion. In other
instances, the RF transmitter 1235 may receive baseband
signal components in analog form.

[0034] The processor 125 may comprise suitable logic, cir-
cuitry, and/or code that may enable control and/or data pro-
cessing operations for the mobile terminal 120. The processor
125 may be utilized to control at least a portion of the RF
receiver 123a, the RF transmitter 1235, the digital baseband
processor 129, and/or the memory 127. In this regard, the
processor 125 may generate at least one signal for controlling
operations within the mobile terminal 120. The processor 125
may also enable executing of applications that may be utilized
by the mobile terminal 120. For example, the processor 125
may execute applications that may enable displaying and/or
interacting with content received via DVB-H transmission
signals in the mobile terminal 120.

[0035] The memory 127 may comprise suitable logic, cir-
cuitry, and/or code that may enable storage of data and/or
other information utilized by the mobile terminal 120. For
example, the memory 127 may be utilized for storing pro-
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cessed data generated by the digital baseband processor 129
and/or the processor 125. The memory 127 may also be
utilized to store information, such as configuration informa-
tion, that may be utilized to control the operation of at least
one block in the mobile terminal 120. For example, the
memory 127 may comprise information necessary to config-
ure the RF receiver 123a to enable receiving DVB-H trans-
mission in the appropriate frequency band.

[0036] FIG. 1B is a block diagram illustrating exemplary
communication between a multi-band RF receiver and a digi-
tal baseband processor in a mobile terminal, in accordance
with an embodiment of the invention. Referring to FIG. 1B,
there is shown a multi-band RF receiver 130, a multi-channel
analog-to-digital converter (ADC) 134, and a digital base-
band processor 132. The multi-band RF receiver 130 may
comprise a UHF front-end 1314, an L-band front-end 1315, a
VHEF front-end 131¢, a baseband block 133a, a received sig-
nal strength indicator (RSSI) block 1335, and a synthesizer
133¢. The multi-band RF receiver 130, the analog-to-digital
converter (ADC) 134, and/or the digital baseband processor
132 may be part of a mobile terminal, such as the mobile
terminal 120 in FIG. 1A, for example.

[0037] The multi-band RF receiver 130 may comprise suit-
able logic, circuitry, and/or code that may enable handling of
UHF, VHF, and L-band signals. The multi-band RF receiver
130 may be enabled via an enable signal, such as the signal
RxEN 1394, for example. In this regard, enabling the multi-
band RF receiver 130 via the signal RxEN 139a by a 1:10
ON/OFF ratio may allow time slicing in DVB-H while reduc-
ing power consumption. At least a portion of the circuitry
within the multi-band RF receiver 130 may be controlled via
the control interface 1395. The control interface 1396 may
receive information from, for example, a processor, such as
the processor 125 in FIG. 1A, or from the digital baseband
processor 132. The control interface 13956 may comprise
more than one bit. For example, when implemented as a 2-bit
interface, the control interface 139a may be an inter-inte-
grated circuit (I12C) interface.

[0038] The UHF front-end 131a may comprise suitable
logic, circuitry, and/or code that may enable low noise ampli-
fication and direct down conversion of UHF signals. In this
regard, the UHF front-end 1314 may utilize an integrated low
noise amplifier (LNA) and mixers, such as passive mixers, for
example. The UHF front-end 131¢ may communicate the
resulting baseband frequency signals to the baseband block
1334 for further processing.

[0039] The L-band front-end 1315 may comprise suitable
logic, circuitry, and/or code that may enable low noise ampli-
fication and direct down conversion of L.-band signals. In this
regard, the L-band front-end 1315 may utilize an integrated
LNA and mixers, such as passive mixers, for example. The
L-band front-end 1315 may communicate the resulting base-
band frequency signals to the baseband block 133« for further
processing.

[0040] The VHF front-end 131¢ may comprise suitable
logic, circuitry, and/or code that may enable low noise ampli-
fication and direct down conversion of VHF signals. In this
regard, the VHF front-end 131¢ may utilize an integrated low
noise amplifier (LNA) and mixers, such as passive mixers, for
example. The VHF front-end 131¢ may communicate the
resulting baseband frequency signals to the baseband block
133a for further processing. The multi-band RF receiver 130
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may enable one of the UHF front-end 131a, the L.-band front-
end 1315, and the VHF front-end 131c¢ based on current
communication conditions.

[0041] The synthesizer 133¢ may comprise suitable logic,
circuitry, and/or code that may enable generating the appro-
priate local oscillator (LO) signal for performing direct down
conversion in the UHF front-end 1314, the L-band front-end
1314, or the VHF front-end 131c¢. Since the synthesizer 133¢
may enable fractional multiplication of a source frequency
when generating the LO signal, a large range of crystal oscil-
lators may be utilized as a frequency source for the synthe-
sizer 133c¢. This approach may enable the use of an existing
crystal oscillator in a mobile terminal PCB, thus reducing the
number of external components necessary to support the
operations of the multi-band RF receiver 130, for example.
The synthesizer 133 may generate a common LO signal for
the UHF front-end 131a, the L-band front-end 13154, and the
VHEF front-end 131c. In this regard, the UHF front-end 131a,
the L-band front-end 1315, and the VHF front-end 131¢ may
enable dividing the LO signal in order to generate the appro-
priate signal to perform down conversion from the UHF band,
the L-band, and the VHF band respectively. In some
instances, the synthesizer 133 may have at least one inte-
grated voltage controlled oscillator (VCO) for generating the
LO signal. In other instances, the VCO may be implemented
outside the synthesizer 133.

[0042] The baseband block 133a¢ may comprise suitable
logic, circuitry, and/or code that may enable processing of 1/Q
components generated from the direct down conversion
operations in the UHF front-end 131a, L-band front-end
1315, and the VHF front-end 131c. The baseband block 133a
may enable amplification and/or filtering of the I/Q compo-
nents in analog form. The baseband block 1334 may commu-
nicate the processed I component, that is, signal 135a, and the
processed Q component, that is, signal 135¢, to the multi-
channel ADC 134 for digital conversion.

[0043] The RSSI block 1335 may comprise suitable logic,
circuitry, and/or code that may enable measuring the strength,
that is, the RSSI value, of a received RF signal, whether UHF,
L-band, or VHF signal. The RSSI block 1335 may be imple-
mented based on a logarithmic amplifier, for example. The
RSSI measurement may be performed, for example, after the
received RF signal is amplified in the UHF front-end 131a,
the L-band front-end 1315, or the VHF front-end 131c. The
RSSI block 1335 may communicate the analog RSSI mea-
surement, that is, signal 135e, to the multi-channel ADC 134
for digital conversion.

[0044] The multi-channel ADC 134 may comprise suitable
logic, circuitry, and/or code that may enable digital conver-
sion of signals 135a, 135¢, and/or 135e¢ to signals 1355, 1354,
and/or 135frespectively. In some instances, the multi-channel
ADC 134 may be integrated into the multi-band RF receiver
130 or into the digital baseband processor 132.

[0045] The digital baseband processor 132 may comprise
suitable logic, circuitry, and/or code that may enable process-
ing and/or handling of baseband frequency signals. In this
regard, the digital baseband processor 132 may be the same or
substantially similar to the digital baseband processor 129
described in FIG. 1A. The digital baseband processor 132
may enable generating at least one signal, such as the signals
AGC_BB 137a and AGC_RF 13754, for adjusting the opera-
tions of the multi-band RF receiver 130. For example, the
signal AGC_BB 1374 may be utilized to adjust the gain
provided by the baseband block 133a on the baseband fre-
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quency signals generated from the UHF front-end 131a, the
L-band front-end 1315, or the VHF front-end 131c¢. In another
example, the signal AGC_RF 137b may be utilized to adjust
the gain provided by an integrated L.NA in the UHF front-end
131a, the L-band front-end 1315, or the VHF front-end 131c¢.
In this regard, the signal AGC_RF 137b may be utilized to
adjust the gain during a calibration mode, for example. In
another example, the digital baseband processor 132 may
generate at least one control signal or control information
communicated to the multi-band RF receiver 130 via the
control interface 1395 for adjusting operations within the
multi-band RF receiver 130.

[0046] FIG.1Cisablockdiagramillustrating an exemplary
single-chip multi-band RF receiver with an integrated LNA in
each front-end, in accordance with an embodiment of the
invention. Referring to FIG. 1C, there is shown a single-chip
multi-band RF receiver 140q that may comprise a UHF front-
end 148a, an L-band front-end 1485, a VHF front-end 148¢,
a baseband block 164, a logarithmic amplifier 172, a digital
frequency synthesizer 189, a 2-A fractional-N synthesizer
174,aVCOblock 176, a digital interface 160, an ADC 162, an
oscillator 180, and a buffer 182.

[0047] The single-chip multi-band RF receiver 140a may
be fabricated using any of a plurality of semiconductor manu-
facturing processes, for example, complimentary metal-ox-
ide-semiconductor (CMOS) processes, bipolar CMOS (BiC-
MOS), or Silicon Germanium (SiGe). The single-chip multi-
band RF receiver 140a may be implemented using
differential structures to minimize noise effects and/or sub-
strate coupling, for example. The single-chip multi-band RF
receiver 140a may utilize low drop out (LDO) voltage regu-
lators to regulate and clean up on-chip voltage supplies. In
this regard, the LDO voltage regulators may be utilized to
transform external voltage sources to the appropriate on-chip
voltages.

[0048] When the single-chip multi-band RF receiver 140a
is implemented utilizing a CMOS process, some design con-
siderations may include achieving low noise figure (NF) val-
ues, wide-band operation, high signal-to-noise ration (SNR),
performing DC offset removal, achieving high input second-
order and third-order intercept points (IIP2 and I1P3), and/or
reducing [/Q mismatch, for example.

[0049] The single-chip multi-band RF receiver 140a may
receive UHF signals via a first antenna 142q, a UHF filter
144a, and a first balum 146a. The UHF filter 144a enables
band pass filtering, wherein the band pass may be about 470
to about 702 MHz for cellular signals, for example, or about
470 to about 862 MHz, for other types of received signals, for
example. The balum 146a enables balancing the filtered sig-
nals before being communicated to the UHF front-end 148a.
[0050] The single-chip multi-band RF receiver 140a may
receive L-band signals via a second antenna 1425, an [.-band
filter 1445, and a second balum 1465. The L-band filter 1445
enables band pass filtering, wherein the band pass may be
about 1670 to about 1675 MHz for signals in US systems, for
example, or about 1450 to about 1490 MHz, for signals in
European systems, for example. The balum 1465 enables
balancing the filtered signals before being communicated to
the L-band front-end 148a.

[0051] The single-chip multi-band RF receiver 140a may
receive VHF signals via a third antenna 142¢, a VHF filter
144c, and a third balum 146¢. The VHF filter 144¢ enables
band pass filtering, wherein the band pass may be about 174
to about 240 MHz for signals in US systems, for example. The
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balum 146c¢ enables balancing the filtered signals before
being communicated to the VHF front-end 148¢. In some
instances, antennas 142a, 1426 and 142¢ may be imple-
mented utilizing a single antenna communicatively coupled
to the single-chip multi-band RF receiver 140a that may
support receiving radio signals operating in the UHF, L-band,
and/or VHF frequencies, for example.

[0052] The UHF front-end 148a may comprise a variable
gain low noise amplifier (LNA) 150a, a mixer 1524, a mixer
154a, and a LO signal divider 156a. The variable gain LNA
150a may comprise suitable logic and/or circuitry that may
enable amplification of the UHF signals received. Matching
between the output of the balum 1464 and the input of the
variable gain LNA 1504 may be achieved by utilizing oft-chip
series inductors, for example. The variable gain LNA 150a
may implement continuous gain control by current steering
that may be controlled by a replica scheme within the variable
gain LNA 150q. The gain of the variable gain LNA 150a may
be adjusted via the signal AGC_RF 1375, for example. In this
regard, the gain of the variable gain LNA 1504 may be
adjusted during a calibration mode for each selected desired
channel of operation within the frequency range provided by
the UHF front-end 1484, for example.

[0053] The mixers 152a and 154a may comprise suitable
logic and/or circuitry that may enable generating in-phase (I)
and quadrature (Q) components of the baseband frequency
signal based on direct down conversion of the amplified
received UHF signal with the quadrature signals 1861 and
186Q generated by the divider block 156a. The mixers 152a
and 154a may be passive mixers in order to achieve high
linearity and/or low flicker noise, for example. The LO signal
divider 156a may comprise suitable logic, circuitry, and/or
code that may enable dividing of the LO signal 186 by a factor
of 2 (:/2) or a factor of 3 (:/3) and at the same time provide
quadrature outputs 1861 and 186Q, wherein 1861 and 186Q
have 90 degrees separation between them. The factor of 3
division may be used when the received UHF signal band is
about 470 to about 600 MHz, for example. The factor of 2
division may be used when the received UHF signal band is
about 600 to about 900 MHz, for example. The I/QQ compo-
nents generated by the mixers 152a and 154a may be com-
municated to the baseband block 164.

[0054] TheL-band front-end 1485 may comprise a variable
gain LNA 1505, a mixer 1524, a mixer 154a, and a L.O signal
generator 158. The variable gain LNA 150¢ may comprise
suitable logic and/or circuitry that may enable amplification
of'the L-band signals received. Matching between the output
of the balum 1464 and the input of the variable gain LNA
1505 may be achieved by utilizing off-chip series inductors,
for example. The variable gain LNA 1506 may implement
continuous gain control by current steering that may be con-
trolled by a replica scheme within the variable gain LNA
1505. The gain of the variable gain LNA 1506 may be
adjusted via the signal AGC_RF 1374, for example. In this
regard, the gain of the variable gain LNA 1505 may be
adjusted during a calibration mode for each selected desired
channel of operation within the frequency range provided by
the L-band front-end 1485, for example.

[0055] The mixers 1525 and 1545 may comprise suitable
logic and/or circuitry that may enable generating I/Q compo-
nents of the baseband frequency signal based on the direct
down conversion of the amplified received L-band signal with
the LO signals 1581 and 158Q generated by the LO generator
block 158. The mixers 1526 and 1545 may be passive mixers
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in order to achieve high linearity and/or low flicker noise, for
example. The LO signal generator 158 may comprise suitable
logic, circuitry, and/or code that may enable generation of
quadrature LO signals 1581 and 158Q), that is, signals with 90
degree phase split between them, from the LO signal 186. The
1/Q components generated by the mixers 1525 and 1545 may
be communicated to the baseband block 164.

[0056] The VHF front-end 148¢ may comprise a variable
gain LNA 150¢, a mixer 152¢, a mixer 154¢, and a LO signal
divider 1565. The variable gain LNA 150¢ may comprise
suitable logic and/or circuitry that may enable amplification
of'the VHF signals received. Matching between the output of
the balum 146¢ and the input of the variable gain LNA 150c¢
may be achieved by utilizing oft-chip series inductors, for
example. The variable gain LNA 150¢ may implement con-
tinuous gain control by current steering that may be con-
trolled by a replica scheme within the variable gain LNA
150c. The gain of the variable gain LNA 150¢ may be
adjusted via the signal AGC_RF 1374, for example. In this
regard, the gain of the variable gain LNA 150c¢ may be
adjusted during a calibration mode for each selected desired
channel of operation within the frequency range provided by
the VHF front-end 148¢, for example.

[0057] The mixers 152¢ and 154¢ may comprise suitable
logic and/or circuitry that may enable generating in-phase (I)
and quadrature (Q) components of the baseband frequency
signal based on direct down conversion of the amplified
received VHF signal with the quadrature signals 1871 and
187Q generated by the divider block 1565. The mixers 152¢
and 154¢ may be passive mixers in order to achieve high
linearity and/or low flicker noise, for example. The LO signal
divider 1565 may comprise suitable logic, circuitry, and/or
code that may enable dividing ofthe LO signal 186 by a factor
of 6 (:/6) or a factor of 8 (:/8) and at the same time provide
quadrature outputs 1871 and 187Q, wherein 1871 and 187Q
are 90 degrees out of phase with each other. The factor of 8
division may be used when the received VHF signal band is
about 174 to about 200 MHz, for example. The factor of 6
division may be used when the received VHF signal band is
about 200 to about 240 MHz, for example. The I/Q compo-
nents generated by the mixers 152¢ and 154¢ may be com-
municated to the baseband block 164.

[0058] The logarithmic amplifier 172 may comprise suit-
able logic, circuitry, and/or code that may enable generation
of'a wideband, received signal strength indicator (RSSI) sig-
nal, such as the signal 135¢, based on the output of the vari-
able gain LNA 1504, the variable gain LNA 1505, or the
variable gain LNA 150c¢, for example. The RSSI signal indi-
cates the total amount of signal power that is present at the
output of the LNA, for example. The RSSI signal may be
utilized by, for example, the digital baseband processor 132 in
FIG. 1B, to adjust the gain of a variable gain LNA in the
presence of RF interference to achieve NF and/or linearity
performance that meets blocking and/or intermodulation
specifications, for example. In this regard, interference may
refer to blocker signals, for example. Blocker signals may be
unwanted signals in frequency channels outside the wanted or
desired channel that may disturb the reception of the wanted
signals. This effect may be a result of blockers generating
large signals within the receiver path. These large signals may
introduce harmonics, intermodulation products, and/or
unwanted mixing products that crosstalk with the wanted
signals.
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[0059] The baseband block 164 may comprise an in-phase
component processing path and a quadrature component pro-
cessing path. The in-phase processing path may comprise at
least one programmable gain amplifier (PGA) 1664, a base-
band filter 1684, and at least one PGA 170a. The quadrature
component processing path may comprise at least one PGA
1665, a baseband filter 1685, and at least one PGA 1705. The
PGAs 1664, 1665, 170a, and 1705 may comprise suitable
logic, circuitry, and/or code that may enable amplification of
the down converted components of the baseband frequency
signal generated by the RF front-end. The gain of the PGAs
166a, 166b,170a, and 1705 may be digitally programmable.
In addition, at the output of the PGAs 166a and 1665, a
programmable pole may be utilized to reduce linearity
requirements for the baseband filters 168a and 1685 respec-
tively. Since the static and time-varying DC offset may satu-
rate the operation of the single-chip multi-band RF receiver
140a, the PGAs 1664, 1665, 170a, and 1705 may utilize DC
servo loops to address DC offsetissues. The gain of the PGAs
166a, 1665, 170a, and/or 1706 may be controlled via the
AGC_BB signal 1374, for example. In this regard, the ADC
162 may be utilized to provide digital control of the PGAs
166a, 1665, 170a, and/or 1705 when the AGC_BB signal
137a is an analog signal.

[0060] The baseband filters 168a and 1685 may comprise
suitable logic, circuitry, and/or code that may enable channel
selection, for example. Channel selection may be performed
by filters, such as an N” order lowpass Chebyschev filter
implemented by active integrators in a leapfrog configura-
tion, for example. For the correct tuning of the characteristics
of the filters, an on-chip auto-calibration loop may be acti-
vated upon power-up. The auto-calibration loop may set up
the corner frequency to the correct vale required to meet the
requirements of the communications standard for which the
receiver is designed. For DVB-T/DVB-H, the value f, of the
filter response may be set to a value from 2.5 to 4 MHz thus
supporting the different channel bandwidths of 5-8 MHz
specified by DVB-T/DVB-H standards. During auto-calibra-
tion, a tone at the appropriate f_; ,, may be generated on-chip
and may be applied at the input of the baseband filters 168a
and 1685 for comparison with the filter output of'a root-mean-
squared (RMS) detector. A digitally controlled loop may be
utilized to adjust the baseband filter bandwidth until the out-
put of the baseband filter and the RMS detector are the same.

[0061] TheX-A fractional-N synthesizer 174 may comprise
suitable logic, circuitry, and/or code that may enable LO
generation that may be independent of the reference crystal
frequency, such as the crystal 178, for example. In this regard,
the synthesizer 174 may generate a signal, such as the signal
190, for example, to control the operation of the VCO block
176 and therefore the generation of the L.O signal 186. Since
the synthesizer 174 may enable fractional synthesis, the
single-chip multi-band RF receiver 140a may utilize the same
crystal utilized by other operations in the mobile terminal
while maintaining fine tuning capability. The synthesizer 174
may receive a reference frequency signal from the crystal 178
via an oscillator 180, for example. The output of the oscillator
180 may also be buffered by the buffer 182 to generate a clock
signal 184, for example.

[0062] The synthesizer 174 may also be utilized to generate
a signal, such as a tone, for example, to calibrate the inte-
grated LNAs in the UHF front-end 1484, the L-band front-
end 1485, or the VHF front-end 148¢, when a new desired
channel is selected for operation. In this regard, the synthe-
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sizer 174 may generate a signal with a frequency that corre-
sponds to the desired channel that is selected. The ability of
the synthesizer 174 to provide fine tuning capabilities enables
the generation of the appropriate signal frequency for a large
range of desired channels in the operation of the single-chip
multi-band RF receiver 140a.

[0063] The VCO block 176 may comprise suitable logic,
circuitry, and/or code that may enable generating the LO
signal 186 utilized by the UHF front-end 148a, the L-band
front-end 1485, the VHF front-end 148¢ for direct down
conversion of the received RF signals and by the digital
frequency synthesizer 189. The VCO block 176 may com-
prise at least one VCO, wherein each VCO may have cross-
coupled NMOS and PMOS devices and metal-oxide-semi-
conductor (MOS) varactors in an accumulation mode for
tuning. In this regard, a switched varactor bank may be uti-
lized for providing coarse tuning. The VCO block 176 may
provide a range of about 1.2 to about 1.8 GHz when imple-
mented utilizing two VCOs, for example. When more than
one VCO is utilized in implementing the VCO block 176,
selecting the proper VCO for generating the LO signal 186
may be based on the type of RF signal being received by the
single-chip multi-band RF receiver 140a.

[0064] The digital interface 160 may comprise suitable
logic, circuitry, and/or code that may enable controlling cir-
cuitry within the single-chip multi-band RF receiver 140a.
The digital interface 160 may comprise a plurality of registers
for storing control and/or operational information for use by
the single-chip multi-band RF receiver 140a. The digital
interface 160 may enable receiving the signal RXEN 1394 that
may be utilized to perform 1:10 ON/OFF ratio time slicing in
DVB-H while reducing power consumption. Moreover, the
digital interface 160 may enable receiving the control inter-
face 1395 from, for example, a processor, such as the proces-
sor 125 in FIG. 1A, or from the digital baseband processor
132 in FIG. 1B. The control interface 1395 may comprise
more than one bit. The control interface 1395 may be utilized
to control the synthesis operations of the synthesizer 174
and/or the filtering operations of the baseband filters 168a and
168b6. The control interface 1396 may also be utilized to
adjust the bias of circuits within the single-chip multi-band
RF receiver 140a, such as those of the variable gain LNAs
1504, 1505, and 150¢ the PGAs 1664, 1665, 170a, and 1705,
and/or the baseband filters 1684 and 1685, for example.
[0065] The digital frequency synthesizer 189 may com-
prise suitable logic, circuitry, and/or code that may enable
generation of a reference signal based on a clock timing
signal, and on a control input signal. In various embodiments
of the invention, the digital frequency synthesizer 189 may
implement a look up table (LUT) function wherein a given
clock timing signal and control input signal combination may
correspond to a frequency, phase, and/or magnitude for a
generated reference signal. Data utilized for the LUT function
may be stored and/or retrieved from the memory 127 in FIG.
1A, for example. In other embodiments of the invention, the
digital frequency synthesizer 189 may comprise an over-
sampling digital to analog conversion (DAC) function in
which the digital frequency synthesizer 189 performs digital
sampling of the clock timing signal. A rate of digital sampling
may be determined based on the control input signal.

[0066] FIG. 1D is a block diagram illustrating an exem-
plary single-chip multi-band RF receiver with on-chip gain
control processing, in accordance with an embodiment of the
invention. Referring to FIG. 1D, there is shown a single-chip
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multi-band RF receiver 1405 that may differ from the single-
chip multi-band RF receiver 1404 in FIG. 1C in that a gain
control block 186 may be integrated into the single-chip
multi-band RF receiver 1405. The gain control block 186 may
comprise suitable logic, circuitry, and/or code that may
enable on-chip gain adjustment for the variable gain LNAs
150a,1505, and 150¢ and for the PGAs 166a,1665,170a, and
17054. In this regard, the gain control block 186 may receive
the RSSI signal 135¢ and may generate the signals AGC_BB
137a and AGC_RF 1375, for example.

[0067] FIG. 2 is a flow diagram illustrating exemplary steps
in the operation of a single-chip multi-band RF receiver, in
accordance with an embodiment of the invention. Referring
to FIG. 2, there is shown a flow diagram 200. In step 204, after
start step 202, a single-chip multi-band RF receiver, such as
the single-chip multi-band RF receiver 140a and 1404, for
example, may be powered up in a mobile terminal. In step
206, the RF receiver may be enabled via signal RxEN 1394
and control and/or operational information may be pro-
grammed into the digital interface 160 via the control inter-
face 1395 for use by the RF receiver during operation.
[0068] In step 208, an operating frequency band may be
selected via the control interface 1395. In this regard, if the
mobile terminal is to receive UHF signals, the UHF front-end
152a, the baseband block 164, and/or the synthesizer 174
may be configured for receiving and processing UHF signals
in the RF receiver. If the mobile terminal is to receive L-band
signals, the [.-band front-end 1525, the baseband block 164,
and/or the synthesizer 174 may be configured for receiving
and processing L-band signals in the RF receiver. If the
mobile terminal is to receive VHF signals, the VHF front-end
152¢, the baseband block 164, and/or the synthesizer 174 may
be configured for receiving and processing VHF signals in the
RF receiver. In step 210, the synthesizer 174 and the VCO
block 176 may be utilized to generate the appropriate value
for the LO signal 186 base on the band of operation.

[0069] In step 214, the RF receiver may measure an RSSI
for the output of a variable gain LNA of the currently oper-
ating front-end for determining the amount of adjusting or
backing off that may be required from the variable gain LNA.
The RSSI measurement and corresponding gain adjustment
may be performed during a calibration mode that occurs after
anew desired channel of operation is selected. The amount of
adjusting may be determined off-chip or on-chip as described
in FIGS. 1D and 1E respectively. Adjusting the LNA gain
based on the RSSI may also be done during and simulta-
neously with the reception of the broadcast signal, for
example the normal 1:10 DVB-H reception mode after step
216. Other measurements may be performed in the front-end
circuits 148a and 1485 and/or the baseband block 164 that
may be utilized to adjust biasing levels within the RF receiver.
In step 216, the front-end circuits 148a and 1485 and/or the
baseband block 164 may be adjusted, when necessary, based
on measurements performed in step 214. In step 216, during
DVB-H operation, the RF receiver may be enabled utilizing a
1:10 ON/OFF ratio for time slicing in DVB-H and to reduce
power consumption. After step 216, the process may proceed
to end step 218.

[0070] FIG. 3A is a diagram illustrating an exemplary fixed
tuning curve for an integrated LNA in a multi-band RF
receiver, in connection with an embodiment of the invention.
Referring to FIG. 3A, there is shown a graph 3004 that cor-
responds to the gain of an integrated LNA in a RF front-end
with a fixed LNA tuning curve 306. The integrated LNA
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operates in the range comprising the frequencies f1 through
2, for example. For UHF signals, f1 may be approximately
470 MHz and f2 may be approximately 890 MHz, for
example. The fixed LNA tuning curve 306 may provide dif-
ferent gains for signals with different frequencies over the
entire integrated LNA operating frequency range. Also shown
in FIG. 3A are a dashed bar that corresponds to a desired
channel signal 302 at frequency fdc and a blank bar that
corresponds to an interference or blocking signal 304 at fre-
quency fi. The difference in height between the bar that cor-
responds to the desired channel signal 302 and the bar that
corresponds to the interference signal 304 may indicate a
relative difference in signal strength, for example.

[0071] In some instances, the gain provided by the fixed
LNA tuning curve 306 associated to the desired channel sig-
nal 302 and to the interference signal 304 may be such that the
signal strength of the interference signal 304, after its corre-
sponding gain is applied, may be comparable to, or even
larger than, the signal strength of the desired channel signal
302, after its corresponding gain is applied. When this occurs,
the presence of the amplified interference signal 304 in the
operating frequency range of the integrated LNA may affect
the harmonics and intermodulation products or unwanted
mixing products that causes crosstalk with the desired chan-
nel signal 302.

[0072] FIG. 3B is a diagram illustrating an exemplary
dynamically controlled tuning curve for an integrated LNA in
a multi-band RF receiver, in accordance with an embodiment
of'the invention. Referring to FIG. 3B, there is shown a graph
3005 that corresponds to the gain of an integrated LNA in a
RF front-end with a dynamically controlled tuning curve 308.
The integrated LNA operates in the range comprising the
frequencies fl1 through 2, for example. The dynamically
controlled tuning curve 308 may provide different gains for
signals with different frequencies over a portion of the inte-
grated LNA operating frequency range. For example, the
dynamically controlled tuning curve 308 is shown to provide
different gains for signals with corresponding frequencies in
the range comprising the frequencies {3 through 4. A signal
with a corresponding frequency outside the range provided by
the dynamically controlled tuning curve 308 would be attenu-
ated by the integrated LNA. In this regard, the frequency
range for the dynamically controlled tuning curve 308 may be
programmed to enable the integrated LNA to select a fre-
quency range that amplifies the desired channel 302 and
attenuates the interference signal 304.

[0073] FIG. 4 is a block diagram illustrating an exemplary
system for dynamically controlling the LNA gain, in accor-
dance with an embodiment of the invention. Referring to FIG.
4, there is shown a dynamically controlled integrated LNA
system 400 that may comprise a tunable input load 402, an
LNA 404, a tunable output load 406, a crystal oscillator
(XTAL)408, a phase locked loop (PLL) 410, alocal oscillator
(LO) generator 412, switches 414, a logarithmic amplifier
416, and a control block 418.

[0074] The LNA 404 may correspond to an integrated LNA
such as the variable gain LNAs 150a, 1505, and 150c¢
described in FIGS. 1C-1D, for example. The logarithmic
amplifier 416 may provide the same or substantially similar
RSSI measuring operations as the logarithmic amplifier 172
described in FIGS. 1C-1D, for example. The XTAL 408 may
be a reference crystal frequency such as the crystal 178
described in FIGS. 1C-1D, for example.
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[0075] The PLL 410 may comprise suitable logic, circuitry,
and/or code that may enable generating a reference signal that
may be utilized by the LO generator 412. The operations
provided by the PLL 410 may the same or substantially simi-
lar to those provided by the Z-A fractional-N synthesizer 174
described in FIGS. 1C-1D, for example. In the present
embodiment, by using a 2-A fractional-N synthesizer, prac-
tically any frequency within the wanted range may be gener-
ated using a wide range of XTAL reference frequencies,
which may allow optimization of the LNA tuning at arbitrary
ranges within the wanted band of operation. The LO genera-
tor 412 may comprise suitable logic, circuitry, and/or code
that may enable the generation of a single tone or single
frequency signal that may be utilized to calibrate the gain
provided by the tuning curve of the LNA 404. The operations
provided by the LO generator 412 may be the same or sub-
stantially similar to those provided by the VCO block 176
and/or the LO signal dividers 156a and 1565 described in
FIGS. 1C-1D, for example.

[0076] The tunable input load 402 may comprise suitable
logic, circuitry, and/or code that may enable dynamically
controlling of a tuning curve associated with the LNA 404. In
this regard, the tuning curve may be dynamically controlled
by the digital control signal 420 generated by the control
block 418. The tunable input load 402 may be implemented
using a capacitor bank, for example.

[0077] The tunable output load 406 may comprise suitable
logic, circuitry, and/or code that may enable dynamically
controlling of the tuning curve associated with the LNA 404.
In this regard, the tuning curve may be dynamically con-
trolled by the digital control signal 420 generated by the
control block 418. The tunable output load 406 may be imple-
mented using a capacitor bank, for example.

[0078] The control block 418 may comprise suitable logic,
circuitry, and/or code that may enable generation of the digi-
tal control signal 420 to adjust the tuning curve of the LNA
404 by adjusting the tunable input load 402 and/or the tunable
output load 406. In an embodiment of the invention, if the
control block 418 is integrated into the RF receiver, the con-
trol block 418 may correspond to the gain control block 188
described in FIG. 1D. In this regard, the signal AGC_RF 1375
may correspond to the digital control signal 420, for example.
[0079] Inanother embodiment of the invention, the control
block 418 may comprise an ADC 422 and a digital control
424. In this regard, the ADC 422 may be the same or substan-
tially similar to the ADC 134 described in FIG. 1B and the
digital control 424 may be implemented within the digital
baseband processor 132 also as described in FIG. 1B. The
ADC 422 may comprise suitable logic, circuitry, and/or code
that may enable analog-to-digital conversion of either an
RSSI measurement from the logarithmic amplifier 416 or a
processed I component, such as signal 1354 in FIGS. 1B-1D,
for example. In another embodiment of the invention, the
ADC 422 may enable analog-to-digital conversion of either
an RSSI measurement from the logarithmic amplifier 416 or
a processed Q component, such as signal 135¢ in FIGS.
1B-1D. The digital control 424 may comprise suitable logic,
circuitry, and/or code that may enable generation of a digital
control signal, such as the digital control signal 420, to adjust
the tunable input load 402 and/or the tunable output load 404.
[0080] The switches 414 may comprise suitable logic, cir-
cuitry, and/or code that may enable selecting whether to intro-
duce the single tone or single frequency signal generated by
the LO generator 412 to the input of the tunable input load 402
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and/or to the output of the LNA 404 to generate an RSSI
measurement. The single tone or single frequency signal may
be introduced during a calibration mode. For example, for
each new selected desired channel of operation, the RF
receiver may perform a calibration or tuning curve adjust-
ment of the LNA 404 before normal gain operations. At least
one signal may be utilized to select whether the single tone or
single frequency signal is to be introduced to the input of the
tunable input load 402, to the output of the LNA 404, or to
both.

[0081] In operation, the dynamically controlled integrated
LNA system 400 may be operated in a calibration mode to
adjust the tuning curve of the LNA 404 for a currently
selected desired channel of operation. The XTAL 408 may
generate a reference signal that may be utilized by the PLL
410 to generate a signal that in turn may be utilized by the LO
generator 412 to generate the single tone or single frequency
signal that corresponds to the currently selected operating
channel. The switches 414 may be utilized to introduce the
single tone to the input of the tunable input load 402 and/or to
the output of the LNA 404.

[0082] The output generated by the LNA 404 may be mea-
sured by the logarithmic amplifier 416 to generate an RSSI
signal. The RSSI signal may be communicated to the control
block 418 where the ADC 422 may digitize it. The digitized
RSSI signal may be communicated to the digital control 424
where the digital control signal 420 may be generated to
adjust the tunable input load 402 and/or the tunable output
load 406 to achieve the appropriate tuning curve for the cur-
rently selected desired channel of operation. Once the tuning
curve is properly adjusted, the dynamically controlled inte-
grated LNA system 400 may operate in a normal mode of
operation.

[0083] FIG. 5is a schematic diagram illustrating an exem-
plary integrated LNA with tunable input load and tunable
output load, in accordance with an embodiment of the inven-
tion. Referring to FIG. 5, there is shown an integrated LNA
500 with a tunable input capacitor bank (Cb1) 508 and a
tunable output capacitor bank (Cb2) 518. The integrated LNA
500 may comprise a first transistor (M1) 512, a second tran-
sistor (M2) 514, an inductor Ls 510, and an inductor L.d 516.
The LNA 500 may also be implemented as a fully differential,
that is, a balanced structure, and may communicate with PCB
components, such as the balums 146a, 1465, and 146c¢ illus-
trated in FIGS. 1C-1D, via PCB traces that comprise series
inductive components such as L,z 506, for example. The
U.S. application Ser. No. 11/385,423, filed on Mar. 21, 2006,
discloses a method and system for mobile cellular television
tuner utilizing current-steering variable gain at RF, and is
hereby incorporated herein by reference in its entirety.
[0084] The tunable input capacitor bank (Cb1) 508 may
comprise a plurality of capacitors wherein the appropriate
capacitance value for the Cb1 508 may be selected by the
digital control signal 420 described in FIG. 4 to adjust the
tuning curve of the LNA 500 in accordance with a currently
selected desired channel of operation. The Cb1 508 may be
implemented in parallel to the Ls 510 with one end of the
capacitors connected to the gate of M1 512 and the other end
connected to GND 502. Similarly, the tunable output capaci-
tor bank (Cb2) 518 may comprise a plurality of capacitors
wherein the appropriate capacitance value selected for the
Cb2 518 may be selected by the digital control signal 420 to
adjust the tuning curve of the LNA 500 in accordance with a
currently selected desired channel of operation. The Cb2 518
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may be implemented in parallel to the I.d 516 with one end of
the capacitors connected to the drain of M2 514 and the other
end connected to Vdd 504.

[0085] Also shown in FIG. 5 are the logarithmic amplifier
416, the LO generator 412, and the switches 414 described in
FIG. 4. The switches 414 may comprise a first RF switch 414a
and a second RF switch 4145. The first RF switch 414a and
the second RF switch 4145 may comprise suitable logic,
circuitry, and/or code that may enable selecting whether to
introduce the single tone or single frequency for calibrating or
adjusting the LNA 500 tuning curve at the gate of M1 512, at
the drain of M2 514, or at both locations. In this regard, the
first RF switch 414a enables introducing the single tone or
single frequency signal at the drain of M2 514, while the
second RF switch 4145 enables introducing the single tone or
single frequency signal at the gate of M1 512, for example.
The output of the LNA 500, that is, the drain of M2 514, may
be measured by the logarithmic amplifier 416 to generate an
RSSI signal that may be utilized to adjust the Cb1 508 and/or
the Cb2 518 to dynamically control the tuning curve of the
LNA 500 to optimize the gain behavior of the LNA 500 for a
currently selected desired operating channel.

[0086] FIGS. 6A and 6B are flow diagrams illustrating
exemplary steps in the calibration of a dynamically controlled
variable gain LNA for a selected desired channel, in accor-
dance with an embodiment of the invention. Referring to FIG.
6A, there is shown a flow chart 600. In step 604, a desired
channel of operation is selected. In step 606, during the cali-
bration mode, a single tone or single frequency signal that
corresponds to the selected desired channel may be generated
by the LO generator 412 to generate an output from the
dynamically controlled variable gain LNA.

[0087] In step 608, the single tone or single frequency sig-
nal may be applied to the input of the tunable input load 402
or to the output of the dynamically controlled variable gain
LNA. In the illustrative example in FIG. 5, the input of the
tunable input load 402 corresponds to one end of the Cb1 508
while the output of the dynamically controlled variable gain
LNA corresponds to one end of the Cb2 518. At least one
signal may be generated to determine where to introduce the
single tone or single frequency signal. In this regard, the
switches 414 may be configured based on the signals gener-
ated.

[0088] Instep 610, the output ofthe dynamically controlled
variable gain LNA may be measured by the logarithmic
amplifier 416 to determine an RSSI value. In step 612, the
control block 418 may generate the digital control signal 420
to adjust the tunable input load 402 or the tunable output load
406. In step 614, the calibration operation may be completed
and the single-chip multi-band RF receiver 140a may enable
a general or normal gain mode of operation for the dynami-
cally controlled variable gain LNA. In step 616, the single-
chip multi-band RF receiver 140a may determine whether to
selecta new desired operating channel. When the new desired
channel is selected, the process may proceed to step 604. In
instances where the new desired channel is not selected, the
process may proceed to end step 618.

[0089] Inanother embodiment of the invention, the calibra-
tion operation may require a new reading of the dynamically
controlled variable gain LNA output to generate an updated
RSSI value for each adjustment made to the tunable input
load 402 and/or the tunable output load 406. In this regard, the
steps 610 and 612 may be repeated iteratively multiple times
until the tuning curve of the dynamically controlled variable
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gain LNA achieves a determined performance for the selected
desired channel of operation. This may be achieved when the
RSSI reading indicates that the gain is maximized for the
available tuning range for the specific LO input injected at the
input or output load. When the tuning curve achieves the
determined performance, the process may again proceed to
step 614 where the single-chip multi-band RF receiver 140a
may terminate the calibration operation and may proceed to
enable a general or normal gain mode of operation.

[0090] Referring to FIG. 6B, there is shown a flow diagram
620. In step 624, the single tone or single frequency signal
generated by the LO generator 412 that corresponds to the
selected desired channel may be applied to a first tunable load
communicatively coupled to the dynamically controlled vari-
able gain LNA. The first tunable load may be the input or the
output load. In step 626, the output of the dynamically con-
trolled variable gain LNA may be measured by the logarith-
mic amplifier 416 to determine an RSSIvalue. In step 628, the
control block 418 may determine whether the RSSI measure-
ment indicates that a maximum gain is achieved by the
dynamically controlled variable gain LNA. When a maxi-
mum gain is not achieved, the process may proceed to step
630. In step 630, the control block 418 may generate a digital
control signal to adjust the first tunable load.

[0091] Returning to step 628, when the RSSI measurement
indicates that a maximum gain is achieved, the process may
proceed to step 632. In step 632, the calibration process may
require that a second tunable load communicatively coupled
to the dynamically controlled variable gain LNA also be
calibrated. The second tunable load may be the input or output
load not yet calibrated. When a second tunable is to be cali-
brated, the process may proceed to step 634. In step 634, the
single tone or single frequency signal generated by the LO
generator 412 that corresponds to the selected desired chan-
nel may be applied to the second tunable load of the dynami-
cally controlled variable gain LNA. After step 634, the pro-
cess may proceed to steps 626 and 628. When a maximum
gain is not achieved in step 628, the process may proceed to
step 630 where the control block 418 may generate a digital
control signal to adjust the second tunable load.

[0092] Returning to step 632, when the calibration process
does not require that a second tunable load communicatively
coupled to the dynamically controlled variable gain LNA be
calibrated or when calibration of the second tunable load has
been completed, the process may proceed to step 636. In step
636, the single-chip multi-band RF receiver 140a may termi-
nate the calibration operation and may proceed to enable a
general or normal gain mode of operation.

[0093] Accordingly, the present invention may be realized
in hardware, software, or a combination of hardware and
software. The present invention may be realized in a central-
ized fashion in at least one computer system, or in a distrib-
uted fashion where different elements are spread across sev-
eral interconnected computer systems. Any kind of computer
system or other apparatus adapted for carrying out the meth-
ods described herein is suited. A typical combination of hard-
ware and software may be a general-purpose computer sys-
tem with a computer program that, when being loaded and
executed, controls the computer system such that it carries out
the methods described herein.

[0094] The present invention may also be embedded in a
computer program product, which comprises all the features
enabling the implementation of the methods described
herein, and which when loaded in a computer system is able
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to carry out these methods. Computer program in the present
context means any expression, in any language, code or nota-
tion, of a set of instructions intended to cause a system having
an information processing capability to perform a particular
function either directly or after either or both of the following:
a) conversion to another language, code or notation; b) repro-
duction in a different material form.

[0095] While the present invention has been described with
reference to certain embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the
scope of the present invention. In addition, many modifica-
tions may be made to adapt a particular situation or material
to the teachings of the present invention without departing
from its scope. Therefore, it is intended that the present inven-
tion not be limited to the particular embodiment disclosed,
but that the present invention will include all embodiments
falling within the scope of the appended claims.

1-22. (canceled)
23. A method for processing signals in a wireless device,
the method comprising:
generating a signal via an on-chip frequency synthesizer in
a multi-band wireless receiver chip; and

dynamically modifying a gain in a low-noise amplifier
(LNA) within said multi-band wireless receiver chip for
areceiver channel, by applying a control signal based on
said generated signal to at least one tunable load com-
municatively coupled to said LNA.
24. The method according to claim 23, comprising apply-
ing said generated signal to a tunable input load communica-
tively coupled to said LNA.
25. The method according to claim 23, comprising apply-
ing said generated signal to a tunable output load communi-
catively coupled to said LNA.
26. The method according to claim 23, comprising sequen-
tially applying said generated signal to a tunable output load
and to a tunable input load communicatively coupled to said
LNA.
27. The method according to claim 23, comprising gener-
ating a received signal strength indicator (RSSI) signal from
an output of said LNA generated after said application of said
control signal to said at least one tunable load communica-
tively coupled to said LNA.
28. The method according to claim 27, comprising gener-
ating said control signal for controlling said at least one
tunable load communicatively coupled to said LNA based on
said generated RSSI signal.
29. The method according to claim 23, wherein said at least
one tunable load communicatively coupled to said LNA is a
capacitor bank.
30. A computer readable medium having stored thereon, a
computer program having at least one code section for pro-
cessing signals in a wireless device, the at least one code
section being executable by a computer for causing the com-
puter to perform steps comprising:
generating a signal via an on-chip frequency synthesizer in
a multi-band wireless receiver chip; and

dynamically modifying a gain in a low-noise amplifier
(LNA) within said multi-band wireless receiver chip for
areceiver channel, by applying a control signal based on
said generated signal to at least one tunable load com-
municatively coupled to said LNA.

31. The computer readable medium according to claim 30,
wherein said at least one code section comprises code for
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applying said generated signal to a tunable input load com-
municatively coupled to said LNA.

32. The computer readable medium according to claim 30,
wherein said at least one code section comprises code for
applying said generated signal to a tunable output load com-
municatively coupled to said LNA.

33. The computer readable medium according to claim 30,
wherein said at least one code section comprises code for
sequentially applying said generated signal to a tunable out-
putload and to a tunable input load communicatively coupled
to said LNA.

34. The computer readable medium according to claim 30,
wherein said at least one code section comprises code for
generating a received signal strength indicator (RSSI) signal
from an output of said LNA generated after said application
of said control signal to said at least one tunable load com-
municatively coupled to said LNA.

35. The computer readable medium according to claim 34,
wherein said at least one code section comprises code for
generating said control signal for controlling said at least one
tunable load communicatively coupled to said LNA based on
said generated RSSI signal.

36. The computer readable medium according to claim 30,
wherein said at least one tunable load communicatively
coupled to said LNA is a capacitor bank.

37. A system for processing signals ina wireless device, the
system comprising:

a multi-band wireless receiver chip comprising an on-chip

frequency synthesizer;

said frequency synthesizer is operable to generate a signal;

and

said multi-band wireless receiver is operable to dynami-

cally modify a gain in a low-noise amplifier (LNA)
within said multi-band wireless receiver chip for a
receiver channel, by applying a control signal based on
said generated signal to at least one tunable load com-
municatively coupled to said LNA.

38. The system according to claim 37, comprising one or
more circuits that are operable to apply said generated signal
to a tunable input load communicatively coupled to said
LNA.

39. The system according to claim 37, comprising one or
more circuits that are operable to apply said generated signal
to a tunable output load communicatively coupled to said
LNA.

40. The system according to claim 37, comprising one or
more circuits that are operable to sequentially apply said
generated signal to a tunable output load and to a tunable
input load communicatively coupled to said LNA.

41. The system according to claim 37, comprising one or
more circuits that are operable to generate a received signal
strength indicator (RSSI) signal from an output of said LNA
generated after said application of said control signal to said
at least one tunable load communicatively coupled to said
LNA.

42. The system according to claim 41, wherein said one or
more circuits within said multi-band wireless receiver chip
are operable to generate said control signal for controlling
said at least one tunable load communicatively coupled to
said LNA based on said generated RSSI signal.

43. The system according to claim 41, wherein said one or
more circuits external to said multi-band wireless receiver
chip are operable to generate said control signal for control-
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ling said at least one tunable load communicatively coupled
to said LNA based on said generated RSSI signal.

44. The system according to claim 37, wherein said at least
one tunable load communicatively coupled to said LNA is a
capacitor bank.

45. A method for wireless communication, the method
comprising:

adding a received signal with a reference oscillator signal

to generate an added signal;

generating a mixed signal from said added signal using said

reference oscillator signal; and

tuning a wireless antenna that receives said received signal

based on a received signal strength indicator (RSSI)
associated with said mixed signal.

46. The method according to claim 45, comprising gener-
ating said reference oscillator signal.

47. The method according to claim 46, comprising ampli-
fying said generated reference oscillator signal.

48. The method according to claim 45, comprising ampli-
fying said added signal prior to said generating of said mixed
signal.

49. The method according to claim 45, comprising deter-
mining said RSSI associated with said mixed signal.

50. The method according to claim 45, wherein said tuning
occurs during receiving of a preamble of a packet for said
received signal.

51. The method according to claim 45, wherein said tuning
occurs during receiving of a plurality of packets for said
received signal.

52. The method according to claim 51, comprising switch-
ing between a plurality of settings for said tuning of said
wireless antenna during said receiving of said plurality of
packets.

53. The method according to claim 52, wherein each of said
plurality of settings corresponds to a respective one of said
plurality of packets.

54. The method according to claim 53, comprising deter-
mining a plurality of RSSI values for each of said plurality of
settings based on said respective one of said plurality of
packets.

55. The method according to claim 54, comprising tuning
said wireless antenna utilizing at least one of said plurality of
settings corresponding to a maximum one of said determined
plurality of RSSI values.

56. A system for wireless communication, the system com-
prising:

at least one circuit, within a receiver comprising a receive

wireless antenna, that enables adding of a received sig-
nal with a reference oscillator signal to generate an
added signal;

said at least one circuit enables generation of a mixed

signal from said added signal using said reference oscil-
lator signal; and

said at least one circuit enables tuning of said receive

wireless antenna based on a received signal strength
indicator (RSSI) associated with said mixed signal.

57. The system according to claim 56, wherein said at least
one circuit enables generation of said reference oscillator
signal.

58. The system according to claim 57, wherein said at least
one circuit enables amplifying of said generated reference
oscillator signal.
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59. The system according to claim 56, wherein said at least
one circuit enables amplifying of said added signal prior to
said generating of said mixed signal.

60. The system according to claim 56, wherein said at least
one circuit enables determining of said RSSI associated with
said mixed signal.

61. The system according to claim 56, wherein said tuning
occurs during receiving of a preamble of a packet for said
received signal.

62. The system according to claim 56, wherein said tuning
occurs during receiving of a plurality of packets for said
received signal.

63. The system according to claim 62, wherein said at least
one circuit enables switching between a plurality of settings
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for said tuning of said wireless antenna during said receiving
of said plurality of packets.

64. The system according to claim 63, wherein each of said
plurality of settings corresponds to a respective one of said
plurality of packets.

65. The system according to claim 64, wherein said at least
one circuit enables determining of a plurality of RSSI values
for each of said plurality of settings based on said respective
one of said plurality of packets.

66. The system according to claim 65, wherein said at least
one circuit enables tuning of said wireless antenna utilizing at
least one of said plurality of settings corresponding to a maxi-
mum one of said determined plurality of RSSI values.
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