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(57) ABSTRACT 

A radio receiver front-end includes a tunable antenna inter 
face and a low noise amplifying section. The tunable 
antenna interface is operably coupled to receive a wide 
bandwidth signal from an antenna, wherein the wide band 
width signal includes a plurality of channel signals, and 
wherein the tunable antenna interface is tuned to pass a 
selected one of the plurality of channel signals substantially 
unattenuated and to attenuate remaining ones of the plurality 
of channel signals to produce a filtered wide bandwidth 
signal. The low noise amplifying section is operably coupled 
to amplify the filtered wide bandwidth signal to produce a 
filtered and amplified wide bandwidth signal. 

radio signal 
output 30 

digital audio 
processing 14 

processing 
module 22 

DC-DC 
Converter 26 

power supply 
voltage 32 

V battery 34 

  

  

  

  

  

  



US 2007/0129038A1 

OCl-OC] ZZ ?Inpou 6u?sseooud 

audio 
signal 36 

vi fiulssaoord | | | |_ _ _ _ºl Pººººº!!_ _ _N 

decoding 
module 20 

Patent Application Publication Jun. 7, 2007 Sheet 1 of 5 

        

  

  

    

  



US 2007/0129038A1 

ZO 

Jun. 7, 2007 Sheet 2 of 5 

  

  



US 2007/0129038A1 Patent Application Publication Jun. 7, 2007 Sheet 3 of 5 

ZO 

000 

  



US 2007/0129038A1 Patent Application Publication Jun. 7, 2007 Sheet 4 of 5 

y '9 

  



5-5E 

US 2007/0129038A1 Patent Application Publication Jun. 7, 2007 Sheet 5 of 5 

  

  

  

    

  

  



US 2007/0129038A1 

LOW NOISE, LOW DISTORTION RADIO 
RECEIVER FRONT-END 

CROSS REFERENCE TO RELATED PATENTS 

0001) NOT APPLICABLE 
STATEMENT REGARDING FEDERALLY 

SPONSORED RESEARCH OR DEVELOPMENT 

0002) NOT APPLICABLE 
INCORPORATION-BY-REFERENCE OF 

MATERIAL SUBMITTED ON A COMPACT 
DISC 

0003) NOT APPLICABLE 
BACKGROUND OF THE INVENTION 

0004) 1. Technical Field of the Invention 
0005. This invention relates generally to radio technol 
ogy and more particularly to a radio receiver. 
0006 2. Description of Related Art 
0007 As is known, handheld digital audio systems are 
becoming very popular. Such systems include digital audio 
players/recorders that record and subsequently playback 
MP3 files, WMA files, etc. Such digital audio players/ 
recorders may also be used as digital dictaphones and file 
transfer devices. Further expansion of digital audio players/ 
recorders includes providing a frequency modulation (FM) 
radio receiver such that the device offers FM radio reception. 
0008. With most radio receivers, and particularly with 
FM Radio Receivers, minimizing noise is desirable. A 
typical FM receiver receives a wideband signal (e.g., 76 
MHz to 108 MHz) that includes a plurality of channels (e.g., 
FM radio channels are spaced at 100 KHz). A low noise 
amplifier amplifies the received wideband FM signal, which 
is Subsequently mixed with a local oscillation to produce an 
intermediate frequency (IF) signal. The intermediate fre 
quency signal is mixed with a second local oscillation to 
produce a baseband signal. In each of these steps, if noise or 
distortion is above a desired level, the resulting baseband 
signal will have reduced fidelity. Further, in silicon CMOS 
implementations of a radio receiver, noise and distortion 
problems can be more severe than in traditional RF IC 
process technologies. CMOS transistors have less favorable 
noise and distortion performance compared to bipolar tran 
sistors. Therefore, RF IC designs implemented in silicon 
CMOS processes have different requirements and tradeoffs 
concerning noise and distortion. Additional complications 
arise in silicon CMOS RF design, in that digital circuitry is 
sometimes included in the same IC. The digital circuitry on 
the IC generates much more substrate noise and clock 
spurious responses, than traditional RF implementations. 
Managing the RF design in the presence of digital circuitry 
requires new mixed signal architectures and techniques in a 
silicon CMOS process. 
0009. Therefore, a need exists for a method and apparatus 
for a low noise low distortion radio receiver front end for use 
in a mixed signal environment. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

0010 FIG. 1 is a schematic block diagram of a handheld 
audio system in accordance with the present invention: 
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0011 FIG. 2 is a schematic block diagram of a radio 
receiver front end in accordance with the present invention: 
0012 FIG. 3 is a schematic block diagram of another 
radio receiver front end in accordance with the present 
invention; 
0013 FIG. 4 is a schematic block diagram of an amplifier 
in accordance with the present invention; and 
0014 FIG. 5 is a schematic block diagram of a radio 
signal decoder in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0015 FIG. 1 is a schematic block diagram of a handheld 
audio system 10 that includes a radio signal decoder 12 and 
a digital audio processing module 14. The radio signal 
decoder 12 includes a front end module 15, a down conver 
sion processing module 18 and a decoding module 20. The 
front end module 15 includes a tunable antenna interface 25 
and a low noise amplifier section 16. The digital audio 
processing module 14 includes a processing module 22, 
memory 24 and a DC to DC converter 26. 
0016. In operation, the radio signal decoder 12 receives a 
radio signal 28 via an antenna structure 35. The radio signal 
28 may be a wide bandwidth FM signal that includes a 
plurality of radio channels. The tunable antenna interface 25 
is tuned to pass a selected one of the plurality of channel 
signals and to attenuate all or most of remaining ones of the 
plurality of channel signals to produce a filtered wide 
bandwidth signal. For example, if the radio signal 28 is an 
FM signal that has a frequency spectrum from 76 MHz to 
108 MHz, with channel spacing of a 100 KHZ, if the selected 
channel is at 100.0 MHz, the tunable antenna interface 25 is 
tuned to pass the spectrum near the desired channel of 100.0 
MHz and attenuate the other channels or at least most of the 
other channels. The low noise amplifier section 16 amplifies 
the filtered wide bandwidth signal to produce a filtered and 
amplified wide bandwidth signal. The front end 15 will be 
described in greater detail with reference to the remaining 
figures. 

0017. The down conversion processing module 18 con 
verts the filtered and amplified wide bandwidth signal into a 
baseband signal (or a substantially baseband signal which 
has a carrier frequency at Zero frequency, near Zero fre 
quency, or at a low IF) in accordance with one or more local 
oscillations. The decoding module 20 converts the baseband 
signal into a radio signal output 30. The radio signal output 
for a received FM signal may include a left plus right signal, 
left minus right signal, a pilot tone, and various subcarriers 
Such as radio data service signal subcarrier. For a more 
detailed discussion of the down conversion processing mod 
ule 18 refer to co-pending patent application having an 
attorney docket number of SIG000193 entitled REDUCED 
ADJACENT CHANNEL INTERFERENCE IN A RADIO 
RECEIVER. For a more detailed discussion of the decoding 
module 20 refer to co-pending patent application having an 
attorney docket number SIG000 138, entitled Handheld 
Audio System, having a Ser. No. 11/126,554 and a filing 
date of May 11, 2005. 
0018 The digital audio processing module 14 receives 
the radio signal output 30 and produces there from an audio 
signal 36. The digital audio processing module 14 may be an 
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MP3 decoder/thumb drive such as the ones manufactured 
and distributed by SigmaTel, Inc. For example, the digital 
audio processing module 14 may be an STMP35XX or an 
STMP36XX. 

0019. As shown, the DC to DC converter 26 converts a 
battery voltage 34 into a power supply voltage 32. The 
power Supply Voltage 32 may be provided to the radio signal 
decoder 12 to power the circuitry of the decoder 12. Alter 
natively, the radio signal decoder 12 could include its own 
DC to DC converter 26 and or directly run off of a battery. 
In various embodiments, the radio signal decoder 12 and the 
digital audio processor module 14 may be implemented on 
separate integrated circuits, on the same integrated circuit, or 
each implemented on a plurality of integrated circuits. 
0020 FIG. 2 is a schematic block diagram of an embodi 
ment of the radio receiver front end 15. In this embodiment, 
the front end 15 includes the tunable antenna interface 25 
and the low noise amplifier section 16, which may be 
implemented on an integrated circuit. The antenna structure 
35 is shown to include two antennas (ANT), two coupling 
capacitors C1 and C2 and an inductor L. The coupling 
capacitors C1 and C2 couple the antenna structure to inte 
grated circuit pins that are, in turn, coupled to the tunable 
antenna interface 25. 

0021. The tunable antenna interface 25 includes an 
adjustable capacitance circuit that includes one or more of a 
variable capacitor C3 and selectable variable capacitor cir 
cuits C5 and C6. The tunable capacitor C3, which may be a 
single capacitor or multiple capacitors with a common node, 
is adjusted via a control signal (which may be digitally 
controlled) based on a selected channel 40 such that the 
capacitance of the adjustable capacitor C3 in combination 
with the parasitic capacitance due to the physical layout of 
antenna structure 35, tunable antenna interface 25 and LNA 
16 resonate with inductor (L). The selectable variable 
capacitor circuits C5 and C6, when not by-passed by its 
corresponding Switches, in combination with input capaci 
tance of the LNA, provide attenuation of the filtered wide 
bandwidth signal. Note that the selectable variable capacitor 
circuits C5 and C6 may be fixed capacitors, may be omitted, 
and may contribute in the tuning of the tunable antenna 
interface. 

0022. Once the tunable antenna interface 25 is tuned, it 
provides a filtered wide bandwidth signal 44 to the low noise 
amplifier section 16. In one embodiment, the low noise 
amplifier section 16 includes a low noise amplifier that is 
operably coupled to amplify the filtered wide bandwidth 
signal based on a gain setting. The low noise amplifier 
section also includes a gain control module that generates 
the gain setting based on at least one property corresponding 
to processing the filtered wide bandwidth signal. The at least 
one property includes one or more of signal strength of the 
filtered wide bandwidth signal, signal-to-noise ratio of the 
filtered wide bandwidth signal, power consumption of the 
low noise amplifier section, noise floor established by the 
low noise amplifier section, and distortion of the wide 
bandwidth signal. 
0023 FIG. 2 also illustrates a series of stylized frequency 
response diagrams corresponding to the received radio sig 
nal 28, the tunable filter response of the tunable antenna 
interface 25, and the filtered wide bandwidth signal 44. As 
shown, the wide bandwidth signal 42 includes a plurality of 
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channels 44, including selected channel 40. The tunable 
filter response of the tunable antenna interface 25 is tuned to 
resonate at the frequency corresponding to the selected 
channel 40. For example, if the wide bandwidth signal 42 
corresponds to an FM signal, the channels are spaced at 100 
KHZ from 78 MHz to 108 MHz. Note that not every channel 
will be used for a broadcast in a given region. Further note 
that the band pass region of the tunable antenna interface 25 
is dependent upon the quality factor of the LC circuit 
produced by capacitor C3 (and optionally capacitors C5 and 
C6), parasitic capacitors, loss terms associated with Antenna 
structure 35, tunable antenna interface 25 and LNA 16 and 
the inductor L. Accordingly, the bandpass region of the 
tunable antenna interface 25 and antenna structure 35 may 
be equivalent to the bandwidth of one or more channels. 

0024. The tunable antenna interface 25 filters the wide 
bandwidth signal 42 to produce the filtered wide bandwidth 
signal 44. As shown, the filtered wide bandwidth signal 44 
includes the selected channel 40 and some adjacent chan 
nels. Note that the number and signal strength of the 
adjacent channels of the filtered wide bandwidth signal 44 
depends on the bandwidth and roll-off rate of the tunable 
antenna interface 25 in conjunction with antenna structure 
35 and LNA 16. 

0025. In various embodiments, the components of the 
front-end circuit 15 may be on chip or off chip in any 
combination. For example, the coupling capacitors C1 and 
C2 could be on chip or removed entirely and connecting the 
inductor L directly to the tunable antenna interface 25. 
Alternatively, the entire tunable antenna interface 25 may be 
off chip. Also, capacitor C3 could be implemented with 
varactors or capacitor arrays with Switch elements to change 
the size of the capacitance presented to the IC pins in tunable 
antenna interface 25. 

0026 FIG. 3 is a schematic block diagram of another 
embodiment of the radio receiver front end 15. In this 
embodiment, the radio receiver front end 15 includes the 
tunable antenna 25 and the low noise amplifier section 16. 
The tunable antenna interface 25 is coupled to the antenna 
structure 35 as previously discussed with reference to FIG. 
2. In this embodiment, the low noise amplifier section 
includes a first low noise amplifier 50, a second low noise 
amplifier 52, a feedback network (e.g., which is imple 
mented via resistors R3 and R4) and again control module 
54. The feedback network R3 and R4 is operably coupled to 
the first and second low noise amplifiers to, in concert with 
the capacitance at the input of the LNA 16 substantially 
reduce a DC offset at the output of LNA 16. 

0027. In such an embodiment, the DC gain of the LNA is 
reduced from the gain at the operating frequency so any 
input offset Voltage due to manufacturing imperfections or 
other factors are amplified to the LNA output with substan 
tially lowered gain, limiting their deleterious effect of sub 
tracting from the operating dynamic range needed for pro 
cessing signals. Use of the lower impedance of the LNA at 
the operating frequency as opposed to DC obviates the 
addition of a capacitor in the feedback path to form the low 
pass function. Note that each stage of LNA 16 may include 
common mode control loops such that the common mode 
Voltage of the output stage 52 establishes the common mode 
voltage of the input to the LNA through resistors R3 and R4. 
Since almost no direct current flows into the input to LNA 



US 2007/0129038A1 

amplifier stage 50, the common mode voltage is effectively 
the same as that of the output from stage 52. Alternatively, 
Substantially equal valued resistors may be employed in 
series across the LNA inputs, with the common point 
between them used to establish the common mode bias 
Voltage. 

0028. The gain control module 54 establishes the gain 
settings for the first and second low noise amplifiers based 
on at least one property corresponding to processing of the 
filtered wide bandwidth signal. The at least one property 
may be one or more of signal strength of the filtered wide 
bandwidth signal, signal-to-noise ratio of the filtered wide 
bandwidth signal, power consumption of the low noise 
amplifier section, noise floor established by the low noise 
amplifier section, and distortion of the filtered wide band 
width signal. In one embodiment, establishing the gain 
settings for the first and second low noise amplifier may be 
a trade offbetween noise performance, distortion, and power 
consumption (e.g., better noise performance is generally 
achieved with higher gain in the first stage, but increases 
power consumption and may increase distortion). As such, 
based on the at least one property of the filtered wide 
bandwidth signal and the balancing of noise, distortion, and 
power consumption, the gain control module 54 establishes 
the gain settings for the first and second amplifiers 50 and 
52. 

0029 FIG. 4 is a schematic block diagram of the first or 
second low noise amplifier 50 or 52. The amplifier includes 
an output section 70, and input section 72 and adjustable 
biasing section 76. The output section 70 includes transistors 
T1 and T2, resistors R5 and R6 and an amplifier to control 
the common mode voltage of the amplifier. The differential 
output (Vout N and Vout P) are produced at the nodes 
shown. 

0030) The input section 72 includes transistors T3 
through T6. Transistors T3 and T4 help to reduce the Miller 
effect on the input device from creating a large capacitance 
as seen from the input of the low noise amplifier 50 or 52. 
Transistors T5 and T6 are operably coupled to receive a 
differential input (Vin P and Vin N). The common mode 
voltage at Vout n and Vout p is established by the feedback 
loop consisting of the operational amplifier 53, transistors 
T1 and T2, and resistors R5 and R6. The feedback loop 
drives the voltage at the common point between R5 and R6 
to equal the common mode reference Voltage Vref. 
0031. The adjustable biasing section 76 includes an 
adjustable current source, transistors T7 and T8, and a low 
pass filter. The adjustable current source is adjusted based on 
the desired gain setting and provides a current to transistor 
T7. Transistor T7 acts as a current mirror for transistor T8 
via the low pass filter, which Smoothes the gain adjustment 
during normal operation. In this embodiment, the gain of the 
amplifier is set based on the input transconductance and the 
output resistance. The output resistance is connected 
between the outputs and not in series such that the bias point 
of the output can be held relatively constant while the bias 
current is changed to adjust the gain. 
0032 FIG. 5 is a schematic block diagram of another 
embodiment of the radio signal decoder 12. In this embodi 
ment, the radio signal decoder 12 includes a radio receiver 
front end 15, the down conversion processing module 18, 
and the decoding module 20. The radio receiverfront end 15 
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includes an antenna interface 27, a first low noise amplifier 
50, a second low noise amplifier 52, a feedback network 
(which may be implemented via resistors R3 and R4), and 
a gain control module 54. 

0033. The antenna interface 27 may be similar to the 
tunable antenna interface 25 where the adjustable capacitor 
is omitted or replaced with a fixed capacitor. The first and 
second low noise amplifier in combination with the gain 
control module 54 operates as previously discussed with 
reference to FIG. 3. 

0034. In general, small portable devices such as music 
players and cell phones are physically much smaller than a 
wavelength at the operating frequencies used for broadcast 
ing services, such as the AM (near 1 MHz) and FM (near 100 
MHz) bands and contain no contact to "earth' or “ground'. 
As such, the antenna structure 35 may include a portion of 
the leads to the headphones of a portable music player for 
one connection and the common node of the player for the 
other connection. In this configuration example, the antenna 
structure is providing a very short unbalanced dipole, where 
the input impedance to Such a dipole can be modeled as a 
very high resistance in parallel with a small capacitance. 
Inductor L is chosen to resonate with the antenna capaci 
tance and the effective capacitance of the tunable antenna 
interface 25. To obtain a desired level of performance, the 
quality factor “O'” of the circuit formed by inductor L and 
tunable antenna interface 25 should be as high as feasible. 
This can be understood from the fact that the equivalent 
parallel resistance of an inductor consists of a resistor whose 
value is approximately equal to Q times the reactance of the 
inductor. This equivalent resistor shunts some of the signal 
intercepted by the short antenna, and contributes thermal 
noise to the total at the LNA input so it is beneficial for it to 
be as large as possible; hence the highest Q is desirable. An 
upper limitation on the Q of the antenna circuit is the 
bandwidth of the desired signal. In the practical case of 
physically small inductors such as are economic for portable 
consumer devices, this limitation is typically not 
approached. 

0035) While the antenna configuration of FIGS. 2 and 3 
is appropriate for amplifiers with high impedances, an 
amplifier with low impedance would be more appropriately 
matched with a series resonant configuration. While the 
amplifiers shown are receiving the signal from the antenna, 
amplifiers that drive the antenna could also be employed to 
create a transmitter. The same choice of topography applies 
to transmitters. A high impedance amplifier calls for a 
parallel resonant structure, and a low impedance amplifier is 
best Suited to a series resonant structure. 

0036) As one of ordinary skill in the art will appreciate, 
the term “substantially” or “approximately, as may be used 
herein, provides an industry-accepted tolerance to its corre 
sponding term and/or relativity between items. Such an 
industry-accepted tolerance ranges from less than one per 
cent to twenty percent and corresponds to, but is not limited 
to, component values, integrated circuit process variations, 
temperature variations, rise and fall times, and/or thermal 
noise. Such relativity between items ranges from a differ 
ence of a few percent to magnitude differences. As one of 
ordinary skill in the art will further appreciate, the term 
“operably coupled', as may be used herein, includes direct 
coupling and indirect coupling via another component, 
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element, circuit, or module where, for indirect coupling, the 
intervening component, element, circuit, or module does not 
modify the information of a signal but may adjust its current 
level, voltage level, and/or power level. As one of ordinary 
skill in the art will also appreciate, inferred coupling (i.e., 
where one element is coupled to another element by infer 
ence) includes direct and indirect coupling between two 
elements in the same manner as "operably coupled'. As one 
of ordinary skill in the art will further appreciate, the term 
“operably associated with', as may be used herein, includes 
direct and/or indirect coupling of separate components and/ 
or one component being embedded within another compo 
nent. As one of ordinary skill in the art will still further 
appreciate, the term "compares favorably, as may be used 
herein, indicates that a comparison between two or more 
elements, items, signals, etc., provides a desired relation 
ship. For example, when the desired relationship is that 
signal 1 has a greater magnitude than signal 2, a favorable 
comparison may be achieved when the magnitude of signal 
1 is greater than that of signal 2 or when the magnitude of 
signal 2 is less than that of signal 1. 
0037. While the transistors in the above described fig 
ure(s) is/are shown as field effect transistors (FETs), as one 
of ordinary skill in the art will appreciate, the transistors may 
be implemented using any type of transistor structure includ 
ing, but not limited to, bipolar, metal oxide semiconductor 
field effect transistors (MOSFET), N-well transistors, P-well 
transistors, enhancement mode, depletion mode, and Zero 
voltage threshold (VT) transistors. 
0038. The preceding discussion has presented a low noise 
low distortion radio receiver front end that may be used as 
part of a radio signal decoder. In the various embodiments 
described that include a tunable antenna interface 25 and/or 
a multistage low noise amplifier section, noise within a radio 
receiver may be better controlled to reduce its adverse 
affects on the resulting radio signal output. As one of 
average skill in the art will appreciate, other embodiments 
may be derived from the teaching of the present invention 
without deviating from the scope of the claims. 

What is claimed is: 
1. A radio receiver front-end comprises: 
a tunable antenna interface operably coupled to filter a 
wide bandwidth signal to produce a filtered wide band 
width signal in accordance with a band pass region, 
wherein the wide bandwidth signal includes a plurality 
of channel signals, wherein the tunable antenna inter 
face is tuned Such that the band pass region includes a 
Selected one of the plurality of channel signals, and 
wherein the band pass region is narrower than the wide 
bandwidth signal; and 

a low noise amplifying section operably coupled to 
amplify the filtered wide bandwidth signal to produce 
a filtered and amplified wide bandwidth signal. 

2. The radio receiver front-end of claim 1, wherein the 
tunable antenna interface comprises: 

an adjustable capacitance circuit operably coupled to an 
antenna structure, wherein the antenna structure 
includes an antenna, an inductor, and coupling capaci 
tors, wherein the adjustable capacitance circuit is 
adjusted via a control signal Such that the inductor, the 
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coupling capacitors, and the adjustable capacitance 
circuit resonate at a frequency corresponding to the 
band pass region. 

3. The radio receiver front-end of claim 2, wherein the 
tunable antenna interface comprises at least one of 

a parallel adjustable capacitor operably coupled in parallel 
with the coupling capacitors; 

a first series adjustable capacitor circuit operably coupled 
in series with a first of the coupling capacitors; and 

a second series adjustable capacitor circuit operably 
coupled in series with a second of the coupling capaci 
tOrS. 

4. The radio receiver front-end of claim 1, wherein the 
low noise amplifying section comprises: 

a low noise amplifier operably coupled to amplify the 
filtered wide bandwidth signal based on again setting: 
and 

a gain control module operably coupled to produce the 
gain setting based on at least one property correspond 
ing to processing the wide bandwidth signal. 

5. The radio receiver front-end of claim 1, wherein the 
low noise amplifying section comprises: 

a first low noise amplifier operably coupled to amplify the 
filtered wide bandwidth signal based on a first gain 
setting to produce a first filtered and amplified wide 
bandwidth signal; 

a second low noise amplifier operably coupled to amplify 
the first filtered and amplified wide bandwidth signal 
based on a second gain setting to produce the filtered 
and amplified wide bandwidth signal; 

a feedback network operably coupled to the first and 
second low noise amplifiers to Substantially cancel a 
DC (direct current) offset of the low noise amplifier 
section; and 

a gain control module operably coupled to produce the 
first and second gain settings based on at least one 
property corresponding to processing the filtered wide 
bandwidth signal. 

6. The radio receiver front-end of claim 5, wherein the at 
least one property corresponding to processing the wide 
bandwidth signal comprises at least one of 

signal strength of the filtered wide bandwidth signal; 

signal to noise ratio of the wide bandwidth signal; 
power consumption of the low noise amplifier section; 

noise floor established by the low noise amplifier section; 
and 

distortion of the wide bandwidth signal. 
7. The radio receiver front-end of claim 5, wherein each 

of the first and second low noise amplifiers comprises: 

an output section biased in accordance with a common 
mode reference; 

input section operably coupled to the output section and 
to receive an input signal, wherein the input signal is 
the filtered wide bandwidth signal or the first filtered 
and amplified wide bandwidth signal; and 
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an adjustable biasing section operably coupled to bias the 
input section, wherein the bias is adjusted in accor 
dance with the first or second gain setting, and wherein 
gain of the first or second low noise amplifier is based 
on input transconductance of the input section estab 
lished by the bias and impedance of the output section. 

8. A radio receiver front-end comprises: 
an antenna interface operably coupled to receive a wide 

bandwidth signal from an antenna, wherein the wide 
bandwidth signal includes a plurality of channel sig 
nals; and 

a first low noise amplifier operably coupled to amplify the 
wide bandwidth signal based on a first gain setting to 
produce a first amplified wide bandwidth signal; 

a second low noise amplifier operably coupled to amplify 
the first amplified wide bandwidth signal based on a 
second gain setting to produce an amplified wide 
bandwidth signal; 

a feedback network operably coupled to the first and 
second low noise amplifiers to Substantially cancel a 
DC (direct current) offset of at least one of the first and 
second low noise amplifiers; and 

a gain control module operably coupled to produce the 
first and second gain settings based on at least one 
property corresponding to processing the wide band 
width signal. 

9. The radio receiver front-end of claim 8, wherein the 
antenna interface comprises: 

a tunable antenna interface that is tuned Such that a band 
pass region of the tunable antenna interface includes a 
Selected one of the plurality of channel signals, and 
wherein the band pass region is narrower than the wide 
bandwidth signal. 

10. The radio receiver front-end of claim 9, wherein the 
tunable antenna interface comprises: 

an adjustable capacitance circuit operably coupled to an 
antenna structure, wherein the antenna structure 
includes the antenna, an inductor, and coupling capaci 
tors, and wherein the adjustable capacitance circuit is 
adjusted via a control signal Such that the inductor, the 
coupling capacitors, and the adjustable capacitance 
resonate at a frequency corresponding to the selected 
one of the plurality of channels. 

11. The radio receiver front-end of claim 10, wherein the 
tunable antenna interface comprises at least one of 

a parallel adjustable capacitor operably coupled in parallel 
with the coupling capacitors; 

a first series adjustable capacitor circuit operably coupled 
in series with a first of the coupling capacitors; and 

a second series adjustable capacitor circuit operably 
coupled in series with a second of the coupling capaci 
tOrS. 

12. The radio receiver front-end of claim 8, wherein the 
at least one property corresponding to processing the wide 
bandwidth signal comprises at least one of 

signal strength of the filtered wide bandwidth signal; 
signal to noise ratio of the wide bandwidth signal; 
power consumption of the low noise amplifier section; 
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noise floor established by the low noise amplifier section; 
and 

distortion of the wide bandwidth signal. 
13. The radio receiver front-end of claim 8, wherein each 

of the first and second low noise amplifiers comprises: 
an output section biased in accordance with a common 
mode reference; 

input section operably coupled to the output section and 
to receive an input signal, wherein the input signal is 
the filtered wide bandwidth signal or the first filtered 
and amplified wide bandwidth signal; and 

an adjustable biasing section operably coupled to bias the 
input section, wherein the bias is adjusted in accor 
dance with the first or second gain setting, and wherein 
gain of the first or second low noise amplifier is based 
on input transconductance of the input section estab 
lished by the bias and impedance of the output section. 

14. A radio receiver comprises: 
a radio receiver front-end that includes: 

a tunable antenna interface operably coupled to filter a 
wide bandwidth signal to produce a filtered wide 
bandwidth signal in accordance with a band pass 
region, wherein the wide bandwidth signal includes 
a plurality of channel signals, wherein the tunable 
antenna interface is tuned such that the band pass 
region includes a selected one of the plurality of 
channel signals, and wherein the band pass region is 
narrower than the wide bandwidth signal; and 

a low noise amplifying section operably coupled to 
amplify the filtered wide bandwidth signal to pro 
duce a filtered and amplified wide bandwidth signal. 

a down conversion section operably coupled to convert 
the filtered and amplified wide bandwidth signal into a 
Substantially baseband signal; and 

a decoding module operably coupled to convert the Sub 
stantially baseband signal into a radio signal output. 

15. The radio receiver of claim 14, wherein the tunable 
antenna interface comprises: 

an adjustable capacitance circuit operably coupled to an 
antenna structure, wherein the antenna structure 
includes the antenna, an inductor, and coupling capaci 
tors, and wherein the adjustable capacitance circuit is 
adjusted via a control signal Such that the inductor, the 
coupling capacitors, and the adjustable capacitance 
resonate at a frequency corresponding to the selected 
one of the plurality of channels. 

16. The radio receiver of claim 15, wherein the tunable 
antenna interface comprises at least one of: 

a parallel adjustable capacitor operably coupled in parallel 
with the coupling capacitors; 

a first series adjustable capacitor circuit operably coupled 
in series with a first of the coupling capacitors; and 

a second series adjustable capacitor circuit operably 
coupled in series with a second of the coupling capaci 
tOrS. 

17. The radio receiver of claim 14, wherein the low noise 
amplifying section comprises: 
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a low noise amplifier operably coupled to amplify the 
filtered wide bandwidth signal based on again setting: 
and 

a gain control module operably coupled to produce the 
gain setting based on at least one property correspond 
ing to processing the wide bandwidth signal. 

18. The radio receiver of claim 14, wherein the low noise 
amplifying section comprises: 

a first low noise amplifier operably coupled to amplify the 
filtered wide bandwidth signal based on a first gain 
setting to produce a first filtered and amplified wide 
bandwidth signal; 

a second low noise amplifier operably coupled to amplify 
the first filtered and amplified wide bandwidth signal 
based on a second gain setting to produce the filtered 
and amplified wide bandwidth signal; 

a feedback network operably coupled to the first and 
second low noise amplifiers to Substantially cancel a 
DC (direct current) offset of the low noise amplifier 
section; and 

a gain control module operably coupled to produce the 
first and second gain settings based on at least one 
property corresponding to processing the wide band 
width signal. 

19. The radio receiver of claim 18, wherein the at least one 
property corresponding to processing the wide bandwidth 
Signal comprises at least one of 

signal strength of the filtered wide bandwidth signal; 
signal to noise ratio of the wide bandwidth signal; 
power consumption of the low noise amplifier section; 
noise floor established by the low noise amplifier section; 

and 

distortion of the wide bandwidth signal. 
20. The radio receiver of claim 18, wherein each of the 

first and second low noise amplifiers comprises: 
an output section biased in accordance with a common 
mode reference; 

input section operably coupled to the output section and 
to receive an input signal, wherein the input signal is 
the filtered wide bandwidth signal or the first filtered 
and amplified wide bandwidth signal; and 

an adjustable biasing section operably coupled to bias the 
input section, wherein the bias is adjusted in accor 
dance with the first or second gain setting, and wherein 
gain of the first or second low noise amplifier is based 
on input transconductance of the input section estab 
lished by the bias and impedance of the output section. 

21. A radio receiver comprises: 
a radio receiver front-end that includes: 

an antenna interface operably coupled to receive a wide 
bandwidth signal from an antenna, wherein the wide 
bandwidth signal includes a plurality of channel 
signals; and 

a first low noise amplifier operably coupled to amplify 
the wide bandwidth signal based on a first gain 
setting to produce a first amplified wide bandwidth 
signal; 
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a second low noise amplifier operably coupled to 
amplify the first amplified wide bandwidth signal 
based on a second gain setting to produce an ampli 
fied wide bandwidth signal; 

a feedback network operably coupled to the first and 
second low noise amplifiers to Substantially cancel a 
DC (direct current) offset of at least one of the first 
and second low noise amplifiers; and 

again control module operably coupled to produce the 
first and second gain settings based on at least one 
property corresponding to processing the wide band 
width signal; and 

a down conversion section operably coupled to convert 
the amplified wide bandwidth signal into a substan 
tially baseband signal; and 

a decoding module operably coupled to convert the Sub 
stantially baseband signal into a radio signal output. 

22. The radio receiver of claim 21, wherein the antenna 
interface comprises: 

a tunable antenna interface that is tuned Such that a band 
pass region of the tunable antenna interface includes a 
Selected one of the plurality of channel signals, and 
wherein the band pass region is narrower than the wide 
bandwidth signal. 

23. The radio receiver of claim 22, wherein the tunable 
antenna interface comprises: 

an adjustable capacitance circuit operably coupled to an 
antenna structure, wherein the antenna structure 
includes the antenna, an inductor, and coupling capaci 
tors, and wherein the adjustable capacitance circuit is 
adjusted via a control signal Such that the inductor, the 
coupling capacitors, and the adjustable capacitance 
resonate at a frequency corresponding to the selected 
one of the plurality of channels. 

24. The radio receiver of claim 23, wherein the tunable 
antenna interface comprises at least one of: 

a parallel adjustable capacitor operably coupled in parallel 
with the coupling capacitors; 

a first series adjustable capacitor circuit operably coupled 
in series with a first of the coupling capacitors; and 

a second series adjustable capacitor circuit operably 
coupled in series with a second of the coupling capaci 
tOrS. 

25. The radio receiver of claim 21, wherein the at least one 
property corresponding to processing the wide bandwidth 
signal comprises at least one of 

signal strength of the filtered wide bandwidth signal; 
signal to noise ratio of the wide bandwidth signal; 
power consumption of the low noise amplifier section; 
noise floor established by the low noise amplifier section; 

and 

distortion of the wide bandwidth signal. 
26. The radio receiver of claim 21, wherein each of the 

first and second low noise amplifiers comprises: 

an output section biased in accordance with a common 
mode reference; 
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input section operably coupled to the output section and 
to receive an input signal, wherein the input signal is 
the filtered wide bandwidth signal or the first filtered 
and amplified wide bandwidth signal; and 

an adjustable biasing section operably coupled to bias the 
input section, wherein the bias is adjusted in accor 
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dance with the first or second gain setting, and wherein 
gain of the first or second low noise amplifier is based 
on input transconductance of the input section estab 
lished by the bias and impedance of the output section. 


