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METHOD AND SYSTEM FOR GAIN 
CONTROL AND POWER SAVING IN 
BROADBAND FEEDBACK LOW-NOISE 

AMPLIFIERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS/INCORPORATION BY 

REFERENCE 

[0001] This application makes reference to, claims priority 
to, and claims the bene?t of US. Provisional Application Ser. 
No. 60/895,698, ?led on Mar. 19, 2007, Which is incorporated 
herein by reference in its entirety. 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

[0002] [Not Applicable] 

MICROFICHE/COPYRIGHT REFERENCE 

[0003] [Not Applicable] 

FIELD OF THE INVENTION 

[0004] Certain embodiments of the invention relate to sig 
nal ampli?cation. More speci?cally, certain embodiments of 
the invention relate to a method and system for gain control 
and poWer saving in broadband feedback loW-noise ampli? 
ers. 

BACKGROUND OF THE INVENTION 

[0005] As mobile, Wireless, and/or handheld portable 
devices increasingly become multifunctional, “all-in-one,” 
communication devices, these handheld portable devices 
integrate an increasingly Wide range of functions for handling 
a plurality of Wireless communication services. For example, 
a single handheld portable device may enable Bluetooth com 
munication, cellular communication and/or Wireless local 
area network (WLAN) communications. 
[0006] Much of the front end processing for Wireless com 
munications services is performed in analog circuitry. Front 
end processing Within a portable device may comprise a range 
of operations that involve the reception of radio frequency 
(RF) signals, typically received via an antenna that is com 
municatively coupled to the portable device. Receiver tasks 
performed on a received RF signal may include demodula 
tion, ?ltering, and analog to digital conversion (ADC), for 
example. Noise considerations may be important since the 
strength of the received RF signal may be loW. The resulting 
front-end processed signal may be referred to as a baseband 
signal. The baseband signal typically contains digital data, 
Which may be subsequently processed in digital circuitry 
Within the portable device. 
[0007] Front end processing Within a portable device may 
also include transmission of RF signals. Transmitter tasks 
performed on a baseband signal may include digital to analog 
conversion (DAC), ?ltering, modulation, and poWer ampli? 
cation (PA), for example. The poWer ampli?ed RF signal is 
typically transmitted via an antenna that is communicatively 
coupled to the portable device by some means. The antenna 
utiliZed for receiving an RF signal at a portable device may or 
may not be the same antenna that is utiliZed for transmitting 
an RF signal from the portable device. 
[0008] One limitation in the inexorable march toWard 
increasing integration of Wireless communications services 
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in a single portable device is that the analog RF circuitry for 
each separate Wireless communication service may be imple 
mented in a separate integrated circuit (IC) device (or chip). 
The increasing chip count may limit the extent to Which the 
physical dimensions of the portable device may be miniatur 
iZed. Thus, the increasing integration may result in physically 
bulky devices, Which may be less appealing to consumer 
preferences. The chip count may be further increased due to 
the need to replicate ancillary circuitry associated With each 
RF IC. For example, each RF IC may require separate loW 
noise ampli?er (LNA) circuitry, separate PA circuitry, and 
separate crystal oscillator @(O) circuitry for generation of 
clocking and timing signals Within each RF IC. Similar rep 
lication may occur for digital IC devices utiliZed for process 
ing of baseband signals from each separate Wireless commu 
nication service. 
[0009] Along With an increasing IC component count, there 
may also be a corresponding rise in poWer consumption 
Within the portable device. This may be undesirable due, for 
example, to increased operating temperature, and reduced 
battery life betWeen recharges. 
[0010] 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 
the present invention as set forth in the remainder of the 
present application With reference to the draWings. 

BRIEF SUMMARY OF THE INVENTION 

[0011] A system and/or method for gain control and poWer 
saving in broadband feedback loW-noise ampli?ers, substan 
tially as shoWn in and/or described in connection With at least 
one of the ?gures, as set forth more completely in the claims. 
[0012] Various advantages, aspects and novel features of 
the present invention, as Well as details of an illustrated 
embodiment thereof, Will be more fully understood from the 
folloWing description and draWings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

[0013] FIG. 1 is a block diagram illustrating an exemplary 
mobile terminal, Which may be utiliZed in connection With an 
embodiment of the invention. 
[0014] FIG. 2 is a block diagram illustrating an exemplary 
FM receiver front end, in accordance With an embodiment of 
the invention. 
[0015] FIG. 3 is a block diagram illustrating an exemplary 
loW noise ampli?er circuit, in accordance With an embodi 
ment of the invention. 
[0016] FIG. 4 is a block diagram illustrating an adjustable 
feedback resistance circuit, in accordance With an embodi 
ment of the invention. 
[0017] FIG. 5 is a How diagram illustrating an exemplary 
broadband loW noise ampli?er control process, in accordance 
With an embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] Certain aspects of the invention may be found in a 
method and system for gain control and poWer saving in 
broadband feedback loW-noise ampli?ers. Exemplary 
aspects of the invention may comprise controlling gain, 
poWer and/or a noise ?gure by selectively enabling one or 
more of a plurality of gain stages by activating one or more of 
a plurality of pairs of sWitching transistors. Each of the gain 
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stages may comprise complementary inverter pairs, With the 
gain of each of the gain stages binary Weighted and stored in 
a lookup table. A feedback resistance coupled across the gain 
stages may be adjusted, and may comprise a plurality of 
individually addressable resistors, With the resistance binary 
Weighted and stored in a lookup table. The adjusting of the 
feedback resistance may comprise sWitching one or more of a 
plurality of sWitching transistors, each connected in parallel 
With one of the individually addressable resistors, Which may 
shunt one or more of the individually addressable resistors. 
[0019] FIG. 1 is a block diagram illustrating an exemplary 
mobile terminal, Which may be utiliZed in connection With an 
embodiment of the invention. Referring to FIG. 1, there is 
shoWn mobile terminal 150 that may comprise an RF receiver 
153a, an RF transmitter 153b, a coupler 152, a digital IF 
processor 159, a processor 155 and a memory 157. An 
antenna 151 may be communicatively coupled to the coupler 
152. 
[0020] The RF receiver 153a may comprise suitable cir 
cuitry, logic, and/or code that may enable processing of 
received RF signals. The RF receiver 153a may enable receiv 
ing of RF signals in frequency bands utiliZed by various 
Wireless communication systems, such as Bluetooth, FM, 
WLAN, GSM, and/or WCDMA, for example. 
[0021] The coupler 152 may comprise suitable circuitry, 
logic, and/or code to enable coupling of the RF receiver 153a 
and the RF transmitter 153!) to the antenna 151. In this man 
ner, a single antenna may be utiliZed for transmitting and 
receiving RF signals. 
[0022] The digital IF processor 159 may comprise suitable 
circuitry, logic, and/or code that may enable processing and/ 
or handling of baseband signals. In this regard, the digital 
baseband processor 159 may process or handle signals 
received from the RF receiver 153a and/or signals to be 
transferred to the RF transmitter 153!) for transmission via a 
Wireless communication medium. The digital baseband pro 
cessor 159 may also provide control and/or feedback infor 
mation to the RF receiver 153a and to the RF transmitter 
153b, based on information from the processed signals. The 
digital baseband processor 159 may communicate informa 
tion and/or data from the processed signals to the processor 
155 and/or to the memory 157. Moreover, the digital base 
band processor 159 may receive information from the pro 
cessor 155 and/ or the memory 157, Which may be processed 
and transferred to the RF transmitter 153!) for transmission to 
the Wireless communication medium. 
[0023] The RF transmitter 153!) may comprise suitable cir 
cuitry, logic, and/or code that may enable processing of RF 
signals for transmission. The RF transmitter 153!) may enable 
transmission of RF signals in frequency bands utiliZed by 
various Wireless communications systems, such as Bluetooth, 
Zigbee, FM, WLAN, WiMax, GSM and/or WCDMA, for 
example. 
[0024] The processor 155 may comprise suitable circuitry, 
logic, and/or code that may enable control and/or data pro 
cessing operations for the mobile terminal 150. The processor 
155 may be utiliZed to control at least a portion of the RF 
receiver 15311, the RF transmitter 153b, the digital baseband 
processor 159, and/or the memory 157. In this regard, the 
processor 155 may generate at least one signal for controlling 
operations Within the mobile terminal 150. 
[0025] The memory 157 may comprise suitable circuitry, 
logic, and/or code that may enable storage of data and/or 
other information utiliZed by the mobile terminal 150. For 
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example, the memory 157 may be utiliZed for storing pro 
cessed data generated by the digital baseband processor 159 
and/or the processor 155. The memory 157 may also be 
utiliZed to store information, such as con?guration informa 
tion, that may be utiliZed to control the operation of at least 
one block in the mobile terminal 150. For example, the 
memory 157 may comprise information necessary to con?g 
ure the RF receiver 15311 to enable receiving RF signals in the 
appropriate frequency band. 
[0026] FIG. 2 is a block diagram illustrating an exemplary 
FM receiver front end, in accordance With an embodiment of 
the invention. Referring to FIG. 2, there is shoWn FM receiver 
front end 200 comprising ampli?ers 210 and 226, a mixer 
212, an intermediate frequency local oscillator (IF LO) 214, a 
bandpass ?lter (BPF) 216, an analog to digital converter 
(ADC) 218, an FM demodulator 220, a digital to analog 
converter (DAC) 224 and a digital IF processor (DIP) 222. 
[0027] The ampli?ers 210 and 226 may comprise suitable 
circuitry, logic, and/or code that may be adapted to amplify 
input signals and output the ampli?ed signals. The ampli?er 
210 and/or the ampli?er 226 may be a loW noise ampli?er 
(LNA). A LNA may be utiliZed in instances Where the signal 
to noise ratio (SNR) may be relatively loW, such as, for 
example, RF signals received by an antenna. The ampli?ers 
210 and 226 may also be variable gain ampli?ers, Where the 
gain control may be under the programmable control of a 
processor, such as the DIP 222. 

[0028] The mixer 212 may comprise suitable circuitry, 
logic, and/or code that may be adapted to receive as inputs 
tWo signals, and generate an output signal, Which may be a 
difference of the frequencies of the tWo input signals and/or a 
sum of the frequencies of the tWo input signals. The mixer 212 
may receive as inputs, the output signal generated by the 
ampli?er 210, and the output signal generated by the IF L0 
214. The output of the mixer 212 may be communicatively 
coupled to the BPF 216. 
[0029] The IF L0 214 may comprise suitable circuitry, 
logic, and/ or code that may be adapted to output a signal of a 
speci?c frequency, either preset or variable under external 
control, Where the external control may be a voltage. The 
latter type may be referred to as a voltage controlled oscillator 
(V CO). A VCO control voltage may be under programmable 
control of a processor, such as the DIP 222. In another 
embodiment of the invention the IF L0 214 may comprise a 
discrete digital frequency synthesiZer (DDFS). 
[0030] The BPF 216 may comprise suitable circuitry, logic, 
and/or code that may be adapted to selectively pass signals 
Within a certain bandWidth While attenuating signals outside 
that bandWidth. 
[0031] The FM demodulator 220 may comprise suitable 
circuitry, logic, and/or code that may enable demodulation of 
the digital IF FM signal generated by the ADC 218. The 
demodulation of the digital IF FM signal may generate a 
baseband signal Which may comprise the original informa 
tion signal intended for the FM receiver front end 200, such as 
audio signals or other information embedded into the FM 
signal. The doWn-conversion of the digital IF signal to the 
digital baseband signal may utiliZe decimation ?lters Where 
the input frequency of the decimation ?lter may be a multiple 
of the output frequency of the decimation ?lter. 
[0032] The DIP 222 may comprise suitable circuitry, logic, 
and/or code that may be adapted to control the FM demodu 
lator 220, the IF L0 214 and the ampli?ers 210 and 216. The 
DIP 222 may extract desired data from the FM signal received 
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by the ampli?er 210, and may control the demodulation of the 
digitized IF FM signal generated by the ADC 218. The digital 
?ltering of the digital samples may utiliZe, for example, a 
derotator that may use a coordinate rotation digital calcula 
tion (CORDIC) algorithm. 
[0033] The DAC 224 may comprise suitable circuitry, 
logic, and/or code that may enable conversion of a digital 
input signal to an analog output signal. The DAC 224 may 
receive as an input, the demodulated digital IF signal gener 
ated by the FM demodulator 220 and may generate an analog 
output signal that may be communicated to the ampli?er 226. 
[0034] In operation, the FM signal, Which may have a car 
rier frequency referred to as f PM, may be received by an 
antenna and communicated to the ampli?er 210, Where the 
FM signal may be ampli?ed by the ampli?er 210, Where the 
gain of the ampli?er 210 may be adjusted based on the 
strength of the received FM signal. The ampli?ed FM signal 
may be communicated to an input of the mixer 212. The 
output signal of the IF L0 214, Which may have a frequency 
of fLO:fFM+f,F or fLOIfFM-fIF, may be communicated to 
another input of the mixer 212, Where fIF may be a desired 
intermediate frequency. The mixer 212 may process the tWo 
input signals such that the output signal may have a fre 
quency, Which may be a sum and/or a difference of the fre 
quencies of the tWo input signals. The mixer 212 output signal 
may be referred to as an IF signal. 

[0035] The IF signal may be communicated to the EFF 216, 
Which may be adapted to pass the desired bandWidth of sig 
nals about the IF frequency f IF, While attenuating the undes 
ired frequencies in the IF signal. The ?ltered IF signal may be 
communicated to the ADC 218 Where the ?ltered IF FM 
signal may be converted to a digital signal. The resulting 
digital signal may then be demodulated by the demodulator 
220, and may be digitally ?ltered to remove artifacts of the 
digital doWn-conversion process before being re-converted to 
an analog signal by the DAC 224. The analog output signal of 
the DAC 224 may be ampli?ed by the ampli?er 226. 
[0036] FIG. 3 is a block diagram illustrating an exemplary 
loW noise ampli?er circuit, in accordance With an embodi 
ment of the invention. Referring to FIG. 3, there is shoWn 
LNA circuit 300 comprising PMOS transistors Q1, Q2, Q5, 
Q6: Q9: Q10: Q13 and Q14: NMOS transistors Q3: Q4: Q7: Q8: 
Q11, Q12, Q15 and Q16, bias voltage Vin-as, supply voltages 
VDD andVSS, bias resistance RB, feedback resistance RFB and 
capacitor C. There is also shoWn input terminals P1, P5, P9, 
P13, N4, N8, N12, N16, VIN and output terminal VOUT. 
[0037] Each vertical column of transistors, such as the 
PMOS transistors Q1 and Q2 and NMOS transistors Q3 and 
Q4 may comprise a gain stage of the ampli?er, With four 
stages shoWn in the exemplary LNA circuit 300. Each stage 
may comprise transistors With a speci?c multiplication factor, 
determined by transistor siZe, for example, that may be dif 
ferent from the multiplication factors of the transistors in the 
other stages. Thus the gain and poWer level of each stage may 
differ from the other stages. The invention is not limited to the 
number of stages shoWn in FIG. 3, and as such may comprise 
any number of stages depending on the required gain levels 
and poWer requirements of the LNA circuit 300. 
[0038] The source terminals of the PMOS transistors Q1, 
Q5, Q9 and Q13 may be coupled to the supply voltage VDD, 
and the source terminals of the NMOS transistors Q4, Q8, Q 1 2 
and Q 16 may be coupled to the supply voltage VSS. The gate 
terminals of PMOS transistors Q2, Q6, Q10 and Q14 may be 
coupled together and may comprise the input terminal for the 
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LNA circuit 3 00, denoted by V min FIG. 3. The input terminal 
VIN may be AC coupled to the common gate terminals of the 
NMOS transistors Q3, Q7, Q1 1 and Q15 by the capacitor C. A 
terminal of the bias resistor RB may also be coupled to the 
common gate terminals of the transistors Q3, Q7, Q 1 1 and Q15, 
With the other terminal of the bias resistor RB comprising the 
input terminal Vin-as. 
[0039] The PMOS transistors Q1, Q5, Q9 and Q13 and the 
NMOS transistors Q4, Q8, Q12, Ql6 may comprise sWitches 
that may be enabled to activate a particular stage of the LNA 
circuit 300. The gate terminals of the transistors Q1, Q5, Q9, 
Ql3 Q4, Q8, Q12 and Q1 6 may comprise the input terminals P1, 
P5, P9, P13, N4, N8, N12, N1 6 and may be biased to activate the 
sWitches. For example, if the gate terminals of PMOS tran 
sistor Q 1 and the NMOS transistor Q4 may be biased in the on 
state, the ?rst gain stage comprising the transistors Q2 and Q3 
may be enabled. 

[0040] The output terminal of the LNA circuit 300, indi 
cated by VOUT in FIG. 3, may comprise the common node 
de?ned by the drain terminals of the PMOS transistors Q2, 
Q6, Q10 and Q14 and the NMOS transistors Q3, Q7, Q11 and 
Q15. The feedback resistor, RFB, may couple the output ter 
minal,VOU1, to the input terminal VINof the LNA circuit 300, 
and is delineated betWeen the nodes X andY. The feedback 
resistor RFB, may be adjustable and is described further With 
respect to FIG. 4. 

[0041] In operation, bias and supply voltages may be 
applied to the LNA circuit 300 atVbiaS, VDD andVSS. The bias 
voltage Vin-as may be adjusted to bias the NMOS transistors 
Q3, Q7, Q11 and Q15 at a desired voltage, the midpoint 
betWeen VDD and VSS, for example. The input terminals P 1, 
P5, P9, P13, N4, N8, N12, N16 may be biased at appropriate 
voltages to activate desired gain stages. For example, if the 
input terminals P1, P5, P9, P13 are asserted loW and the input 
terminals N4, N8, N12, N16 are asserted high, the transistors 
Q1: Q5: Q9: Q13 Q4: Q8: Q12 and Q16 may be Switched on and 
all four gain stages may be enabled. Thus, in instances Where 
an input signal may be communicated to the input terminal 
V IN, an ampli?ed version of the input signal may be generated 
at the output terminal, VOUT. 
[0042] The gain of the LNA circuit 300 may be adjusted by 
enabling and/or disabling gain stages by applying appropriate 
input voltages at the input terminals P1, P5, P9, P13, N4, N8, 
N12, N16. A challenge in adjusting the gain of an ampli?er 
may be the variation of the input impedance. For an ampli?er 
With resistive feedback, if the output impedance of the ampli 
?er transistors may be large compared to the feedback resis 
tance, Which may be typical, the loW-frequency input resis 
tance, Ri, may be calculated from the folloWing equation: 

1 
i : 

gmp + gmn 

Where gmp and gm” are the transconductance values of PMOS 
and NMOS devices, respectively. Therefore, for a given cur 
rent, the input resistance may remain essentially constant 
With feedback resistance RFB. 
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[0043] The gain of the LNA circuit 300, utilizing the same 
assumption, may be determined by the following: 

[0044] Thus, the gain may be adjusted by adjusting the 
feedback resistance RFB, While the input resistance, R1, may 
remain constant as shoWn in the previous equation. 
[0045] In this manner, the gain of the LNA circuit 300 may 
be adjusted either by adjusting the feedback resistance RFB, 
or by sWitching selected gain stages on or off, Which may 
result in a large range of possible gain values. The gain of each 
gain stage may be tWice as high as the preceding stage, and 
half that of the next stage, thus creating a binary Weighted 
scheme for the gain stages. 
[0046] With a plurality of enabled gain stages, the total 
transconductance may be considered a sum of the individual 
transconductances, and higher transconductance may result 
in higher gain and a loWer noise ?gure. Adjusting the feed 
back resistance RFB, may adjust the gain of the LNA circuit 
300, as described above, but may not affect the poWer and the 
input impedance. The input impedance may be affected by the 
NMOS and PMOS transconductances of the LNA circuit 3 00, 
so by enabling and/or disabling selected gain stages, the input 
impedance may be adjusted. Thus, the gain stages may be 
designed to provide impedance match With an input device, 
such as a 50 ohm antenna, for example. 

[0047] SWitching gain stages on and off may change the 
poWer usage of the LNA circuit 300, such that the RF receiver 
153a may utiliZe less poWer When desired. For example, in 
instances When a large input signal may be present, loWer gain 
may be necessary so that gain stages may be disabled, result 
ing in reduced poWer drain. 
[0048] Exemplary performance parameters comprising 
gain, noise ?gure, input impedance and poWer of the LNA 
circuit 300 may be adjusted by enabling selected gain stages 
and adjusting the feedback resistance RFB. The range of val 
ues utiliZed to obtain the array of performance characteristics 
may be stored in a lookup table in the memory 157, for 
example, described With respect to FIG. 1. 
[0049] FIG. 4 is a block diagram illustrating an adjustable 
feedback resistance circuit, in accordance With an embodi 
ment of the invention. Referring to FIG. 4, there is shoWn 
feedback resistance circuit 400 comprising NMOS transistors 
QR], QR2, QR3 and QR4 and resistors R1, R2, R3, R4 and R5. 
There is also shoWn input terminals VRl, VR2, VR3 and VR4. 
The feedback resistance, RFB, may be de?ned as the resis 
tance betWeen the nodes X andY, Which may correspond to 
the nodes X andY described With respect to FIG. 3. 

[0050] In instances Where the transistors QR 1, QR2, QR3 and 
QR4 may not be enabled, or sWitched on, the feedback resis 
tance RFB betWeen the nodes X and Y, may comprise the 
series combination of the resistors R1, R2, R3 R4 and R5. The 
resistance value of each resistor of R1, R2, R3, R4 and R5 may 
be tWice that of the next resistor and half that of the preceding 
resistor. For example, Rl may be 1000 ohms, R2 may be 500 
ohms and R3 may be 250 ohms, thus creating a binary 
Weighted scheme for the feedback resistance RFB. 
[0051] The node X may comprise one terminal of the resis 
tor R5 and the other terminal of the resistor R5 may be coupled 
to a terminal of the resistor R4 and the drain terminal of the 
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transistor QR4. The gate terminals of the transistors QR l, QR2, 
QR3 and QR4 may comprise the input terminals VR1,VR2,VR3 
and V R 4. 

[0052] The node Y of the feedback resistance circuit 400 
may comprise one terminal of the resistor R1 and the source 
terminal of the transistor QR]. The drain terminal of the tran 
sistor QR 1 may be coupled to the other terminal of the resistor 
R1, a terminal of the resistor R2 and the source terminal of the 
transistor QR2. This connection scheme, With the drain and 
source terminals of an NMOS transistor each coupled to a 
terminal of a resistor, in series With the next resistor/transistor 
pair, is repeated for resistors R2 to R4. The invention is not 
limited to the number of resistors illustrated in FIG. 4. 
Accordingly, any number of resistor/transistor pairs may be 
utiliZed depending on the desired resistance values and die 
siZe constraints, for example. 
[0053] In operation, the input terminals VR1,VR2, VR3, and 
VR4 may be utiliZed to adjust the resistance of the feedback 
resistance circuit 400. The input terminals VRl, VR2, VR3 and 
VR4 may be utiliZed to bypass the associated resistor R1, R2, 
R3 and/or R4 in the circuit. For example, applying a high 
signal to VRl may sWitch on the transistor QR 1, effectively 
bypassing the resistor R1. The type of transistors utiliZed for 
the transistors QR], QR2, QR3 and QR4 may be selected to 
result in a minimum drain to source impedance, thus creating 
a minimum impedance short of a resistor When a given tran 
sistor may be sWitched on. In this manner, any combination of 
the series resistors may be enabled and/ or disabled to obtain 
a desired resistance. 

[0054] The multiple resistance values and LNA circuit 300 
gain values made possible by enabling or disabling resistors 
in the feedback resistance circuit 400 may be stored in a 
lookup table in the memory 157, for example, described With 
respect to FIG. 1. 

[0055] FIG. 5 is a How diagram illustrating an exemplary 
broadband loW noise ampli?er control process, in accordance 
With an embodiment of the invention. Referring to FIG. 5, 
folloWing start step 501, in step 503, a processor, such as the 
digital IF processor 222, may determine the desired gain, 
noise ?gure and poWer level of the ampli?er 210 based on a 
received FM RF signal. In step 505, the processor 222 may 
enable appropriate gain stages based on prestored gain values 
in a lookup table stored in the memory 157, for example. In 
step 507, the DIP 222 may enable appropriate resistors to set 
an appropriate gain. The gain values versus the feedback 
resistance RFB may also be stored in a lookup table. In step 
509, the input signal may be applied to the ampli?er 210, and 
in step 511 an ampli?ed output signal may be generated. In 
step 513, if it is desired to adjust the gain, poWer and/or noise 
factor, the process may step back to step 503 to restart the gain 
adjustment process, and if not may proceed to end step 515. 
[0056] In an exemplary embodiment of the invention, a 
method and system are disclosed for controlling gain, poWer 
and/or noise ?gure by selectively enabling one or more of a 
plurality of gain stages by activating one or more of a plurality 
of pairs of sWitching transistors. Each of the gain stages may 
comprise complementary inverter pairs Q2/Q3, Q6/Q7, Qlo/ 
Q11 and Ql4/Ql5, With the gain of each of the gain stages 
being binary Weighted and stored in a lookup table. A feed 
back resistance, RFB, coupled across the gain stages may be 
adjusted, and may comprise a plurality of individually 
addressable resistors, R1, R2, R3 and R4, With the resistance 
values being binary Weighted and stored in a lookup table. 
The adjusting of the feedback resistance may comprise 
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switching one or more of a plurality of switching transistors, 
QR l, QR2, QR3 and QR4, each connected inparallel with one of 
the individually addressable resistors, which may shunt one 
or more of the individually addressable resistors when 
enabled. 

[0057] Certain embodiments of the invention may com 
prise a machine-readable storage having stored thereon, a 
computer program having at least one code section for com 
municating information within a network, the at least one 
code section being executable by a machine for causing the 
machine to perform one or more of the steps described herein. 

[0058] Accordingly, aspects of the invention may be real 
iZed in hardware, software, ?rmware or a combination 
thereof. The invention may be realiZed in a centraliZed fash 
ion in at least one computer system or in a distributed fashion 
where different elements are spread across several intercon 
nected computer systems. Any kind of computer system or 
other apparatus adapted for carrying out the methods 
described herein is suited. A typical combination of hard 
ware, software and ?rmware may be a general-purpose com 
puter system with a computer program that, when being 
loaded and executed, controls the computer system such that 
it carries out the methods described herein. 

[0059] One embodiment of the present invention may be 
implemented as a board level product, as a single chip, appli 
cation speci?c integrated circuit (ASIC), or with varying 
levels integrated on a single chip with other portions of the 
system as separate components. The degree of integration of 
the system will primarily be determined by speed and cost 
considerations. Because of the sophisticated nature of mod 
ern processors, it is possible to utiliZe a commercially avail 
able processor, which may be implemented external to an 
ASIC implementation of the present system. Alternatively, if 
the processor is available as anASlC core or logic block, then 
the commercially available processor may be implemented as 
part of anASlC device with various functions implemented as 
?rmware. 

[0060] 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 
to carry out these methods. Computer program in the present 
context may mean, for example, any expression, in any lan 
guage, code or notation, 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) reproduction in a different material form. 
However, other meanings of computer program within the 
understanding of those skilled in the art are also contemplated 
by the present invention. 
[0061] While the invention has been described with refer 
ence 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 modi?ca 
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 embodiments disclosed, 
but that the present invention will include all embodiments 
falling within the scope of the appended claims. 
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1-30. (canceled) 
31. A method for signal ampli?cation, the method com 

prising: 
controlling gain, power and/or a noise ?gure of a low noise 

ampli?er by selectively enabling a subset of a plurality 
of gain stages in said low noise ampli?er; and 

adjusting a feedback resistance coupled across said subset 
of said plurality of gain stages. 

32. The method according to claim 31, wherein a gain of 
each of said subset of said plurality of gain stages is binary 
weighted. 

33. The method according to claim 31, comprising activat 
ing one or more of a plurality of pairs of switching transistors 
for said selectively enabling of said subset of said plurality of 
gain stages. 

34. The method according to claim 31, wherein said feed 
back resistance comprises a plurality of individually addres 
sable resistors. 

35. The method according to claim 34, wherein said adjust 
ing of said feedback resistance comprises switching one or 
more of a plurality of switching transistors, wherein one of 
said plurality of transistors is connected in parallel with each 
of said individually addressable resistors. 

36. A method for signal ampli?cation, the method com 
prising: 

controlling gain, power and/or a noise ?gure of a low noise 
ampli?er by selectively enabling one or more of a plu 
rality of parallel gain stages in said low noise ampli?er; 
and 

adjusting a feedback resistance coupled across said one or 
more of said plurality of parallel gain stages. 

37. The method according to claim 36, wherein a gain of 
each of said one or more of said plurality of gain stages is 
binary weighted. 

38. The method according to claim 36, comprising activat 
ing one or more of a plurality of pairs of switching transistors 
for said selectively enabling of said one or more of said 
plurality of gain stages. 

39. The method according to claim 36, wherein said feed 
back resistance comprises a plurality of individually addres 
sable resistors. 

40. The method according to claim 39, wherein said adjust 
ing of said feedback resistance comprises switching one or 
more of a plurality of switching transistors, wherein one of 
said plurality of transistors is connected in parallel with each 
of said individually addressable resistors. 

41. A method for signal ampli?cation, the method com 
prising: 

controlling gain, power and/or a noise ?gure of a low noise 
ampli?er by digitally enabling one or more of a plurality 
of parallel gain stages in said low noise ampli?er; and 

adjusting a feedback resistance coupled across said one or 
more of said plurality of gain stages. 

42. The method according to claim 41, wherein a gain of 
each of said one or more of said plurality of gain stages is 
binary weighted. 

43. The method according to claim 41, comprising activat 
ing one or more of a plurality of pairs of switching transistors 
for said selectively enabling of said one or more of said 
plurality of gain stages. 

44. The method according to claim 41, wherein said feed 
back resistance comprises a plurality of individually addres 
sable resistors. 
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45. The method according to claim 44, wherein said adjust 
ing of said feedback resistance comprises switching one or 
more of a plurality of switching transistors, wherein one of 
said plurality of transistors is connected in parallel with each 
of said individually addressable resistors. 

46. A system for signal ampli?cation, the system compris 
ing: 

one or more circuits that controls gain, power and/or a 
noise ?gure of a low noise ampli?er by selectively 
enabling a subset of a plurality of gain stages in said low 
noise ampli?er; and 

said one or more circuits adjusts a feedback resistance 
coupled across said subset of said plurality of gain 
stages. 

47. The system according to claim 46, wherein a gain of 
each of said subset of said plurality of gain stages is binary 
weighted. 

48. The system according to claim 46, wherein said one or 
more circuits enables activation of one or more of a plurality 
of pairs of switching transistors for said selectively enabling 
of said one or more of said subset of said plurality of gain 
stages. 

49. The system according to claim 46, wherein said feed 
back resistance comprises a plurality of individually addres 
sable resistors. 

50. The system according to claim 49, wherein said one or 
more circuits enables switching one or more of a plurality of 
switching transistors, wherein one of said plurality of transis 
tors is connected in parallel with each of said individually 
addressable resistors. 

51. A system for signal ampli?cation, the system compris 
ing: 

one or more circuits that controls gain, power and/or a 
noise ?gure of a low noise ampli?er by selectively 
enabling one or more of a plurality of parallel gain stages 
in said low noise ampli?er; and 

said one or more circuits adjusts a feedback resistance 
coupled across said one or more of said plurality of 
parallel gain stages. 
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52. The system according to claim 51, wherein a gain of 
each of said one or more of said plurality of gain stages is 
binary weighted. 

53. The system according to claim 51, wherein said one or 
more circuits enables activation of one or more of a plurality 
of pairs of switching transistors for said selectively enabling 
of said one or more of said plurality of gain stages. 

54. The system according to claim 51, wherein said feed 
back resistance comprises a plurality of individually addres 
sable resistors. 

55. The system according to claim 54, wherein said one or 
more circuits enables switching one or more of a plurality of 
switching transistors, wherein one of said plurality of transis 
tors is connected in parallel with each of said individually 
addressable resistors. 

56. A system for signal ampli?cation, the system compris 
ing: 

one or more circuits that controls gain, power and/or a 
noise ?gure of a low noise ampli?er by digitally 
enabling one or more of plurality of gain stages in said 
low noise ampli?er; and 

said one or more circuits adjusts a feedback resistance 
coupled across said one or more of said plurality of gain 
stages. 

57. The system according to claim 56, wherein a gain of 
each of said one or more of said plurality of gain stages is 
binary weighted. 

58. The system according to claim 56, wherein said one or 
more circuits enables activation of one or more of a plurality 

of pairs of switching transistors for said selectively enabling 
of said one or more of said plurality of gain stages. 

59. The system according to claim 56, wherein said feed 
back resistance comprises a plurality of individually addres 
sable resistors. 

60. The system according to claim 59, wherein said one or 
more circuits enables switching one or more of a plurality of 
switching transistors, wherein one of said plurality of transis 
tors is connected in parallel with each of said individually 
addressable resistors. 


