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(57) Abstract: Narrow band tunable radio frequency (RF) power amplifiers (PAs) and related methods are disclosed that provide

o narrow band tunable gain responses, such as linear gain responses, that can be selected for different frequency bands. The narrow
band tunable PAs thereby provide out-of-band rejection for different selectable frequency bands so that narrow band filters are not

o required in the transmit input path for communication devices. The passband location and/or bandwidth for the narrow band gain
response can be tuned using different techniques, as desired. The narrow band tunable PAs can also be fabricated using CMOS
processing, if desired, so that a CMOS PA integrated circuit is provided.



NARROW-BAND TUNABLE RADIO FREQUENCY (RF)

POWER AMPLIFIERS AND RELATED METHODS

Technical Field of the Invention

[0001] This invention relates to radio frequency (RF) power amplifiers and, more

particularly, to frequency band selection for communication devices using RF power

amplifiers.

Background

[0002] Radio frequency (RF) power amplifiers (PAs) are used to produce output transmit

signals by amplifying weak input signals in wireless devices, such as cellular telephone

handsets. Many of these communication devices are configured to operate in different

frequency bands for different communication systems. For example, current third generation

(3G) cellular communication systems utilize a variety of different frequency bands above 1

GHz, such as, for example, 1920-1980Mhz for WCDMA. Prior second generation (2G)

cellular communication systems also utilize a variety of different frequency bands, such as,



for example, 824-849Mhz for GSM 800, 880-91 5Mhz for GSME 900, 1710-1785Mhz for

DCS 1800, and 1850-1 9 1OMhz for PCS 1900.

[0003] To operate in multiple frequency bands and thereby multiple communication

systems, cellular handset applications typically use wideband power amplifiers to amplify

and output transmit signals. These cellular wideband power amplifiers exhibit high gain

across a wide frequency range, enabling them to amplify multiple frequency bands.

However, transmit signal gain and noise in certain frequency bands is detrimental to system

performance, for example, in the cellular receive band or in the bands used for other

communication systems, such as those used by Bluetooth transceivers and/or GPS (global

positioning system) receivers. In cellular handset applications, the wideband power

amplifiers are typically followed by duplexers that pass the desired range of frequencies for

the selected frequency band and reject signals in frequencies outside the selected frequency

band. A tunable narrow-band filter on the input signal to the power amplifier may also be

used to minimize the unwanted noise contributions outside the selected frequency band.

[0004] FIG. 1A (Prior Art) is a diagram of an example gain response 102 for a wideband

power amplifier (PA). The wideband gain response 102 provides high gain for a wide range

of frequencies between a lower frequency corner ( and a higher frequency corner (fa). As

depicted, this wide range of frequencies 108 includes two communication frequency bands

(Bl, B2). The first communication frequency band (Bl) includes a range of frequencies 104

between a first low frequency (fLi) and a first high frequency (fai). The second

communication frequency band (B2) includes a range of frequencies 106 between a second

low frequency (f^) and a second high frequency (fm). Because the wideband PA provides

high gain across both frequency bands, frequencies within the non-selected band can be

amplified in the PA output signal in addition to frequencies within the desired frequency



band. For example, if the second band (B2) is used for transmission by the communication

device, undesired transmit signals or noise that have frequencies within the first band (Bl)

will still be amplified and output by the wideband PA.

[0005] FIG. IB (Prior Art) is a block diagram of an embodiment 150 for output circuitry

used by a communication device including a wideband PA 1 2 . As depicted, the wideband

PA 152 receives a transmit signal (TX) 168 that has been passed through a tunable narrow

band filter 166. This transmit signal (TX) 168 can be provided, for example, from a

baseband (BB) processor and/or a transceiver (XCVR) 160 in a communication device. The

wideband PA 152 depicted is configured to be used for two possible frequency bands of

operation (Bl, B2). The amplified output of the wideband PA 152 is provided to a switch

(SW) 154. The switch (SW) 154 is controlled by a band select signal 170, which can also be

provided by the BB processor and/or transceiver (XCVR) 160. Based upon the band select

signal 170, the switch (SW) 154 sends the amplified output signal to a first duplexer 156 for

the first band (Bl) or to a second duplexer 158 for the second band (B2). As depicted, the

first duplexer (Bl) 156 is configured to pass frequencies within the first frequency band (Bl)

and reject other frequencies. Similarly, the second duplexer (B2) 158 is configured to pass

frequencies within the second frequency band (B2) and reject other frequencies. The output

transmit signals from the duplexers 156 and 158 are then provided to the antenna switch

module (ASM) 162. The duplexers 156 and 158 are used for transmit and receive operations

in a bi-directional communication device. In receive mode, duplexer 156 outputs a first

receive signal (RXl) 157 that can be provided to the baseband processor or transceiver 160.

Similarly, in receive mode, duplexer 158 outputs a second receive signal (RX2) 157 that can

be provided to the baseband processor or transceiver 160. The ASM 162 can also be

configured to receive the band select signal 170, and the band select signal 170 can be used

by the ASM 162 to couple the proper duplexer to the antenna 164. The tunable narrow band



filter 166 can also be configured to receive the band select signal 170, and the band select

signal 170 can be used to tune the tunable narrow band filter 1 6 for a selected band.

[0006] It is noted that in addition to the first band (Bl) and the second band (B2), the

communication device can be configured for operation in additional frequency bands that

utilize different transmit and/or receive circuitry than that depicted in FIG. IB (Prior Art).

For example, the communication device could be configured to have a global position system

(GPS) receiver and/or a Bluetooth transceiver, if desired, that also utilize the same antenna

164.

[0007] One disadvantage of the output circuitry 150 of FIG. IB (Prior Art) is the need for

a tunable narrow band filter at the input to the wideband PA 152 to reduce energy in non-

selected frequency bands. Regulations associated with many communication systems restrict

the amount of out-of-band energy that can be transmitted by a communication device

operating with the communication system. For example, transmitted energy within a non-

selected first band (Bl) may need to be significantly less than transmitted energy within a

selected second band (B2). Thus, as depicted in FIG. IB, the narrow band filter at the input

to the PA is used to provide the necessary out-of-band rejection needed to satisfy the

regulatory requirements. Even if regulatory requirements are satisfied, the additional

rejection is needed to improve the ability of the system to detect very weak receiver signals in

the non-selected frequency bands, such as GPS or Bluetooth. The narrow band filter,

however, raises the cost and size requirements for communication devices configured to

operate in multiple frequency bands.



Summary of the Invention

[0008] Narrow band tunable radio frequency (RF) power amplifiers (PAs) and related

methods are disclosed that provide narrow band tunable gain responses, such as linear gain

responses, that can be selected for different frequency bands. The narrow band tunable RF

PAs thereby provide out-of-band rejection for different selectable frequency bands so that

narrow band filters are not required in the transmit input path for communication devices.

The passband location and/or bandwidth for the narrow band gain response can be tuned

using different techniques, as desired. In one embodiment, the narrow band tunable RF PA

has a plurality of predetermined frequency responses that can be selected for a plurality of

different frequency bands. Still further, a band select signal typically applied to an antenna

switch module (ASM) can also be provided to the narrow band tunable RF PA to select the

frequency response to be used. Where the narrow band tunable RF PA is implemented

within an integrated circuit, one or more output pins for the RF PA integrated circuit can be

used for receiving one or more control signals, such as the band selection signal for the ASM,

to select the desired operation band and frequency response for the RF PA integrated circuit.

Further, these external control signals and/or internal control signals can be used to provide

programmable tuning control for the narrow band tunable RF PA. The integrated circuit can

also be fabricated using CMOS processing, if desired, so that a CMOS PA integrated circuit

is provided. If desired, other features and variations can be implemented, and related systems

and methods can be utilized, as well.

[0009] In one embodiment, a narrow band tunable RF power amplifier includes amplifier

circuitry configured to receive a radio frequency (RF) signal and to generate an amplified RF

output signal where the amplifier circuitry is configured to provide a narrow band gain

response tunable across a plurality of different frequency bands based upon one or more



tuning control signals and where the narrow band gain response being linear across the

different frequency bands. The narrow band RF power amplifier also includes control

circuitry configured to provide the one or more tuning control signals to the amplifier

circuitry based upon a frequency band selection signal. Further, each of the plurality of

different frequency bands are associated with a different communication system. The narrow

band gain response is configured to pass frequencies within a selected frequency band and to

reject frequencies outside the selected frequency band. And the amplifier circuitry and the

control circuitry are integrated on the same integrated circuit. If desired, the integrated circuit

can also be fabricated using CMOS processing so that a CMOS PA integrated circuit is

provided.

[0010] In further embodiments, the narrow band tunable RF power amplifier includes one

or more amplifier stages and one or more tunable resonant structures associated with the one

or more amplifier stages where each tunable resonant structure is configured to receive the

one or more tuning control signals to adjust the narrow band gain response for the amplifier

circuitry. Further, a center frequency and/or a bandwidth for the narrow band gain response

is adjustable. Still further, the narrow band tunable RF power amplifier can include a

transmit input pin coupled to the amplifier circuitry and configured to receive the RF signal; a

transmit output pin coupled to the amplifier circuitry and configured to output the amplified

RF signal; and at least one band selection input pin coupled to the control circuitry and

configured to receive a band selection signal. In addition, the band selection signal can be a

signal configured to be provided to an antenna switch module for a communication device.

Still further, the narrow band tunable RF power amplifier can include a transmit input pin

coupled to the amplifier circuitry and configured to receive the RF signal; a transmit output

pin coupled to the amplifier circuitry and configured to output the amplified RF signal; and at

least one control input pin coupled to the control circuitry and configured to receive control



signals, the control signals being configured to provide band selection. Still further, one or

more internal control signals can be coupled to the control circuitry to adjust the narrow band

gain response.

[0011] In another embodiment, a method for operating a narrow band tunable RF power

amplifier includes selecting a frequency band of operation for a narrow band tunable RF

power amplifier from a plurality of different frequency bands where each of the plurality of

different frequency bands being associated with a different communication system, tuning the

narrow band tunable RF power amplifier to have a narrow band gain response for the selected

frequency band where the narrow band gain response being configured to pass frequencies

within a selected frequency band and to reject frequencies outside the selected frequency

band, receiving a radio frequency (RF) signal, amplifying the RF input signal using the tuned

narrow band gain response, the narrow band gain response being linear across the selected

frequency band, and outputting the amplified RF signal, where the selecting, tuning,

receiving, amplifying and outputting steps are performed within a single integrated circuit. If

desired, the integrated circuit can also be fabricated using CMOS processing so that the

selecting, tuning, receiving, amplifying and outputting steps are performed on a single CMOS

PA integrated circuit.

[0012] In further embodiments, the tuning step can include tuning one or more resonant

structures associated with one or more amplifier stages to adjust the narrow band gain

response. The tuning step can- also include tuning a center frequency for the narrow band

gain response and/or tuning a bandwidth for the narrow band gain response. Still further, the

receiving step can include receiving the RF signal through a transmit input pin; the outputting

step can include outputting the amplified RF signal through a transmit output pin; and the

selecting step can include using a band selection signal received through at least one band



selection input pin. In addition, the band selection signal can include a signal configured to

be provided to an antenna switch module for a communication device. Still further the

receiving step can include receiving the RF signal through a transmit input pin; the outputting

step can include outputting the amplified RF signal through a transmit output pin; and the

selecting step can include using control signals received through at least one control input

pin. Further, one or more internal control signals can be used to adjust the narrow band gain

response, if desired.



Description of the Drawings

[0013] It is noted that the appended drawings illustrate only exemplary embodiments of

the invention and are, therefore, not to be considered limiting of its scope, for the invention

may admit to other equally effective embodiments.

[0014] FIG. 1A (Prior Art) is a diagram of an example gain response for a wideband

power amplifier (PA).

[0015] FIG. IB (Prior Art) is a block diagram of an embodiment for output circuitry used

by a communication device including a wideband PA.

[0016] FIG. 2A is a diagram of an example tunable gain response for a narrow band

tunable power amplifier (PA).

[0017] FIG. 2B is a block diagram of an embodiment for output circuitry used by a

communication device including a narrow band tunable PA.

[0018] FIG. 2C is a block diagram of an embodiment for a narrow band tunable PA

integrated circuit.

[0019] FIG. 3A is a block diagram of a single-ended embodiment for tunable gain stages

for a narrow band tunable PA.

[0020] FIG. 3B is a block diagram of a differential embodiment for tunable gain stages

for a narrow band tunable PA.

[0021] FIG. 3C is an alternative block diagram of a differential embodiment for tunable

gain stages for a narrow band tunable PA.



[0022] FIG. 3D is a diagram of example gain responses associated with the embodiments

of FIGS. 3A-C.

[0023] FIG. 3E is a block diagram of an embodiment for control circuitry configured to

provide tuning control signals.

[0024] FIG. 4A is a circuit diagram of an embodiment for a variable capacitor

implementation for lower voltage signals.

[0025] FIG. 4B is a circuit block diagram of an embodiment for a narrow band tunable

PA architecture including multiple gain stages and multiple variable capacitors.

[0026] FIG. 5 is a flow diagram of an embodiment for a process flow for adjusting the

gain response for a narrow band tunable PA as described herein.



Detailed Description of the Invention

[0027] Narrow band tunable radio frequency (RF) power amplifiers (PAs) and related

methods are disclosed that provide a tunable narrow band gain response that can be selected

for different frequency bands and that can be linear across these different frequency bands.

The narrow band tunable RF PAs thereby provide out-of-band rejection for different

selectable frequency bands so that additional narrow band filters are not required in the

transmit output path for communication devices. If desired, the integrated circuit can also be

fabricated using CMOS processing so that a CMOS PA integrated circuit is provided.

[0028] It is noted that "narrow band" is used herein to refer to a gain response that has

3dB corners at a high frequency and a low frequency that surround only a single frequency

band. It is also noted that "frequency band" is used here to refer to a range of frequencies

used by a communication system for transmit and/or receiver operations or to a range of

frequencies used within a communication system for transmit operations as opposed to

receive operations. For example, as described in the background above, current 2G and 3G

cellular telephone communication systems use different dedicated frequency ranges

depending upon government regulations for particular geographic regions. Further, within a

particular communication system, a portion of the frequency range may be dedicated for

transmit operations and a portion of the frequency range may be dedicated for receive

operations. It is further noted that "linear" is used herein to refer to a power amplifier that

provides an output signal that is generally proportional to its input signal across its frequency

range of operation.

[0029] Example embodiments will now be discussed for narrow band tunable PAs that

have linear gain responses selectable across a plurality of frequency bands for different

communication systems. FIGS. 2A-C provide an example embodiment for a narrow band



tunable PA. FIGS. 3A-E provide example embodiments for tunable resonant circuitry and

related control circuitry. FIGS. 4A-C provide example embodiments for tunable capacitor

circuitry and related position in a multi-stage PA. And FIG. 5 provides an example process

flow diagram. It is noted that the embodiments depicted are examples and should not be

considered as limiting the invention. A wide variety of implementations could be used to

provide a narrow band tunable PA providing a linear gain response across a plurality of

frequency bands, as described herein.

[0030] FIG. 2A is a diagram of an example tunable gain response for a narrow band

tunable power amplifier (PA). Similar to FIG. 1A (Prior Art), two frequency bands are

shown (Bl, B2). In addition, a third frequency band (B3) 210 is shown. The first

communication frequency band (Bl) includes a range of frequencies 104 between a first low

frequency (f ) and a first high frequency (fm). The second communication frequency band

(B2) includes a range of frequencies 106 between a second low frequency ( ) and a second

high frequency (fm)- The third communication frequency band (B3) includes a range of

frequencies 210 between a third low frequency (f ) and a third high frequency (fm)- The

narrow band frequency response for the tunable PA is shown as response 208A, and the

response 208A is configured to have a high frequency corner and a low frequency comer that

allow for frequencies within the second frequency band (B2) 106 to pass while rejecting

frequencies outside that frequency band.

[0031] As represented by arrow 204, the center frequency of the response 208A can be

adjusted down so that it is configured to pass frequencies within the first frequency band (Bl)

104, as represented by dotted frequency response 208B. Similarly, as represented by arrow

206, the center frequency of the response 208A can be adjusted up so that it is configured to

pass frequencies within the third frequency band (B3) 210, as represented by dotted



frequency response 208C. It is also noted that in additional to adjusting the center frequency

of the gain response 208A, the bandwidth of the frequency response 208A could also be

adjusted, either symmetrically or asymmetrically, for different frequency bands, if desired. It

is further noted that the gain response 208A can also be configured to have tunable

bandwidth and/or center frequency within a desired frequency band of interests so that only a

portion of frequencies within a frequency band are amplified by the gain response, such as

where a portion of the frequency band is used for transmit operations and a portion of the

frequency band is used for receive operations.

[0032] FIG. 2B is a block diagram of an embodiment for output circuitry 250 used by a

communication device including a narrow band tunable PA 252. As depicted, a baseband

(BB) processor and/or transceiver (XCVR) 160 provides a transmit (TX) signal 168 to the

narrow band tunable PA 252 which is configured to operate in two frequency bands (Bl, B2).

As in FIG. IB (Prior Art), the output of the narrow band tunable PA 252 is provided to switch

(SW) 154), which selectively sends the amplified transmit output signals to duplexer (Bl)

156 for a first band or to duplexer (B2) 158 for a second band. As described above, the

duplexers 156 and 158 can be configured to output receive signals (RX1, RX2) 157 and 159,

respectively, for bi-directional communication systems, and these receive signals can be

provided back to the baseband (BB) processor and/or transceiver (XCVR) 160. As described

above, the BB processor and/or transceiver (XCVR) 160 can output a band selection signal

170 that is provide to the switch (SW) 154 and the ASM 162. This band selection signal 170

can also be provided to the narrow band tunable PA 252. Although separate control signals

could be provided by the BB processor and/or transceiver (XCVR) 160 to the narrow band

tunable PA 252, as described below, the use of the band select signal 170, which is already

being supplied to the switch (SW) 154 and/or ASM 162, provides one efficient



implementation for selecting the desired tuning adjustments for the narrow band tunable PA

252.

[0033] It is noted that the narrow band tunable PA 252 is preferably a linear PA so that it

provides an output signal that is generally proportional to its input signal across its frequency

range of operation. It is further noted that for narrow band tunable PAs used in cellular

telephone handset applications, the input RF frequencies for these narrow band tunable PAs

are typically above 600 MHz and generally between about 800 to 2000 MHz.

[0034] FIG. 2C is a block diagram of an embodiment for a narrow band tunable PA

integrated circuit (IC) 270. As indicated above, the integrated circuit can also be fabricated

using CMOS processing, if desired, so that a CMOS PA integrated circuit is provided.

However, other semiconductor processing could also be used, as desired. As depicted, the

PA integrated circuit 270 includes a plurality of input/output pins. The transmit (TX) pin is

configured to receive a transmit input signal, such as a transmit signal from a baseband

processor and/or transceiver. A voltage supply (VSUPPLY) is coupled to one or more pins 272

to provide a supply voltage for the integrated circuit 270. A ground (GND) level is coupled

to one or more pins 274 to provide a ground connection for the integrated circuit 270. It is

also noted that different voltage supplies and ground planes can be coupled to input pins of

the PA integrated circuit 270, if desired. The output (OUTPUT) pin 276 is configured to

provide the amplified output of the PA integrated circuit 270. One or more control input pins

and/or control output pins can also be provided, such as the N-bit control (CONTROL) input

pins 280 shown in FIG. 2C. For example, control signals provided to these CONTROL input

pins 280 can be used to control the gain of the tunable PA 270 and/or to control the gain

response for the tunable PA 270. Further, as indicated above, the PA integrated circuit 270

can also include a band select (BAND) input pin 282 that can receive a band selection signal,



for example, from a baseband processor and/or transceiver. It is further noted that one or

more of the input/output pins for the PA integrated circuit 270 can be multi-use pins and/or

general purpose input/output pins that can be used for different purposes in different modes

of operation for the PA integrated circuit 270.

[0035] It is noted that the passband location and/or bandwidth for the gain response of the

narrow band tunable PAs can be selected using different techniques, as desired. For example,

the narrow band tunable PA can be configured to have a plurality of predetermined gain

response settings that can be selected for a plurality of different frequency bands. Further, as

indicated above, a band select signal typically applied to an antenna switch module (ASM)

can also be provided to the narrow band tunable PA to select the frequency response to be

used. As also indicated above, where the narrow band tunable PA is implemented within an

integrated circuit, one or more pins for the PA integrated circuit can be used for receiving one

or more control signals, such as the band selection signal for the ASM, to select the desired

operation band and frequency response for the PA integrated circuit. Further, the control

signals provided through input pins can be used to provide programmable tuning control for

the PA.

[0036] It is further noted that a variety of interfaces could be utilized to provide control

signals for the tunable PA 270 to be used in adjusting its gain response across multiple

frequency bands of operation. For example, a serial interface, such as a 2-pin or 3-pin serial

interface, could be used to communicate control information to the tunable PA integrated

circuit 270. Further, internal control signals could be used to control at least in part the tuning

of the gain response, if desired. In addition, one or more input pins could also be configured

to be used to program the tunable PA integrated circuit 270 so that a desired gain response is

achieved by the PA integrated circuit 270 for a desired frequency band of operation. On-chip



registers, look-up tables or other data storage circuitry could also be used to store information

associated with the tuning of the gain response. This data storage circuitry can also be

configured to contain fixed data or programmable data or both, as desired. In short, a wide

range of control interfaces and techniques could be implemented to control the gain response

for the tunable PA. One such control interface protocol that can be used is the MIPI standard

protocol being developed by the RF Front-End Control (RFFE) Working Group for MIPI

(Mobile Industry Processor Interface) Alliance.

[0037] CMOS PAs that can be configured as narrow band tunable CMOS PAs providing

a linear gain response, as described herein, include CMOS PAs described in the following co

pending applications: U.S. Patent Application Serial Number 12/151,199, entitled

"CONTROLLING POWER WITH AN OUTPUT NETWORK" and filed May 5, 2008 (now

published as U.S. Published Patent Application 2009-0273397), and U.S. Patent Application

Serial Number 12/151,812, entitled "SUPPLY CONTROL FOR MULTIPLE POWER

MODES OF A POWER AMPLIFIER" and filed May 8, 2008 (now published as U.S.

Published Patent Application 2009-0278609), each of which is hereby incorporated fe

reference in its entirety. CMOS PAs that can be programmed in part using integrated OTP

(one-time programmable) memory to provide programmable tuning after fabrication are the

following co-pending application: U.S. Patent Application Serial Number 12/657,996,

entitled "CMOS POWER AMPLIFIERS HAVING INTEGRATED ONE-TIME

PROGRAMMABLE (OTP) MEMORIES" and filed February 1, 2010, which is hereby

incorporated by reference in its entirety. Further,

[0038] Example embodiments for implementing narrow band tunable PAs are now

discussed with respect to FIGS. 3A-E. These embodiments utilize tunable capacitors that

resonate with inductors or transformers placed between gain stages within a narrow band



tunable PA. The resonance creates a narrow band gain response, and the tunable capacitors

allow the gain response to be shifted in frequency. It is noted that these embodiments are

provided as examples and should not be considered as limiting the invention. A wide variety

of tunable circuitry implementations could be utilized, as desired, to implement the narrow

band tunable PAs described herein.

[0039] FIG. 3A is a block diagram of a single-ended embodiment 300 for tunable gain

stages for a narrow band tunable PA. A first gain stage 302 receives an input signal

representing the transmit signal to be output by the communication device. The first gain

stage 302 provides a signal to a second gain stage 304, which in turn provides an output

signal that is provided to further gain stages within the PA or that is provided as the output

for the PA. The inductor 306, capacitor 308 and variable capacitor 310 provide a resonant

structure that tunes the gain response for the single-ended embodiment 300. The variable

capacitor 310 receives controls signals that allow for one of a plurality of bands (Bl, B2 ...

BN) to be selected as represented by the designation Bl :N.

[0040] FIG. 3B is a block diagram of a differential embodiment 310 for tunable gain

stages for a narrow band tunable PA. A first gain stage 312 receives a differential input

signal representing the transmit signal to be output by the communication device. The first

gain stage 312 provides a differential signal to a second gain stage 314, which in turn

provides a differential output signal that is provided to further gain stages within the PA or

that is provided as the output for the PA. The transformer 316, capacitor 318 and variable

capacitors 1OA and 3 10B provide a resonant structure that tunes the gain response for the

differential embodiment 310. The variable capacitors 3 1OA and 3 10B receive controls

signals that allow for one of a plurality of bands (Bl, B2 ... BN) to be selected as represented

by the designation Bl :N.



[0041] FIG. 3C is an alternative block diagram of a differential embodiment 320 for

tunable gain stages for a narrow band tunable PA. A first gain stage 322 receives a

differential input signal representing the transmit signal to be output by the communication

device. The first gain stage 322 provides a differential signal to a switch 323 that is used to

select one of a plurality of different second gain stages 324A, 324B ... 324C, which in turn

provide differential output signals that are provided to further gain stages within the PA or

that are provided as the output for the PA. Each of the second gain stages 324A, 324B ...

324C are associated with one or more different desired frequency bands Bl, B2 ... BN. If

the first frequency band (Bl) is selected, the first gain stage 322A provides a differential

signal to second gain stage 324A, and capacitor 318A and transformer 326A provide a

resonant structure that tunes the gain response for the differential embodiment 320. If the

second frequency band (B2) is selected, the first gain stage 322A provides a differential

signal to second gain stage 324B, and capacitor 318B and transformer 326B provide a

resonant structure that tunes the gain response for the differential embodiment 320. If the

Nth frequency band (BN) is selected, the first gain stage 322A provides a differential signal

to Nth gain stage 324N, and capacitor 318C and transformer 326C provide a resonant

structure that tunes the gain response for the differential embodiment 320. The switch 323

receives controls signals that allow for one of a plurality of bands (Bl, B2 ... BN) to be

selected as represented by the designation Bl :N.

[0042] It is also noted that variations of the embodiments in FIGS. 3A, 3B and 3C could

also be implemented, if desired, to provide a tunable gain response for a narrow band tunable

PA.

[0043] FIG. 3D is a diagram of example gain responses associated with the embodiments

of FIGS. 3A-C. A first gain response 352 having a first center frequency (fl) is provided for



a first frequency band (Bl). A second gain response 354 having a second center frequency

(£2) is provided for a second frequency band (B2). And an Nth gain response 356 having an

Nth center frequency (fN) is provided for an Nth frequency band (BN).

[0044] FIG. 3E is a block diagram of an embodiment 350 for control circuitry configured

to provide tuning control signals. As depicted, tunable amplifier circuitry 360 for the PA

receive an input transmit signal (TXIN) 362 and produce an amplified transmit output signal

(TXOUT) 364. The tunable amplifier circuitry 360 also receive tuning control signals 358 that

are used to tune the gain response for the tunable amplifier circuitry 360. The tuning control

signals are provided by tuning control circuitry 352. The tuning control circuitry 352 can be

controlled using external control signals 354 that can be provided through an external

interface. The external interface can be any desired interface for providing band control

signals to the PA. The tuning control circuitry 352 can also be controlled in part through one

or more internal control signals 356, if desired. Further variations could also be provided

while still utilizing the narrow band tunable PA techniques described herein.

[0045] Example embodiments for implementing variable capacitors that can be used

within the tunable amplifier circuitry for narrow band tunable PAs are now discussed with

respect to FIGS. 4A. It is noted that these embodiments are provided as examples and should

not be considered as limiting the invention. A wide variety of variable capacitor

implementations and/or tunable amplifier circuitry could be utilized, as desired, to implement

the narrow band tunable PAs described herein.

[0046] FIG. 4A is a circuit diagram of an embodiment 400 for a variable capacitor

implementation for lower voltage signals. As depicted, the variable capacitor includes a

plurality of capacitors (CO, CI, C2 ... CN) that are coupled in parallel between a signal line

402 and a signal line 404, such as ground. These capacitors (CO, CI, C2 ... CN) can be



selectably included or excluded from the overall variable capacitance 406 through transistor

switches that are controlled by digital control signals (DO, Dl, D2 ... DN). In particular, a

capacitor C O is coupled to signal line 402 and to ground 404 through a transistor switch that

is controlled by signal DO. A capacitor CI is coupled between a signal line 402 and ground

404 through a transistor switch that is controlled by signal Dl. A capacitor C2 is coupled

between a signal line 402 and ground 404 through a transistor switch that is controlled by

signal D2. This continues until finally a capacitor CN is coupled between a signal line 402

and ground 404 through a transistor switch that is controlled by signal DN. The overall

capacitance 406 is therefore controlled by the digital control signals 408 as represented by

D1:N. Further, resistors (R0, Rl, R2 ... RN) can be coupled between a voltage bias (V S)

and the nodes between the capacitors (CO, CI, C2 ... CN) and the transistor switches in order

to provide a bias to the floating capacitor nodes when the transistor switches are turned off by

digital control signals (DO, Dl, D2 ... DN). It is further noted that additional switches could

also be provided between the resistors (R0, Rl, R2 ... RN) and the voltage bias ( BIAS) or

between the resistors (R0, Rl, R2 ... RN) and the floating capacitor nodes, if desired, so that

the resistors (R0, Rl, R2 ... RN) are only switched into the circuit to provide a bias voltage to

the floating capacitor nodes when the transistor switches are turned off.

[0047] FIG. 4B is a circuit block diagram of an embodiment 470 for a narrow band

tunable PA architecture including multiple gain stages and multiple variable capacitors. As

depicted, the tunable PA embodiment 470 includes three gain stages: a first pre-amplifier

(PRE-AMP) gain stage 472, a second driver (DRIVER) gain stage 474 and a third output

(OUTPUT) gain stage 476. The embodiment 470 receives an input transmit signal (TXJ )

478 and provides an amplified transmit output signal (ΤΧουτ) 480 to a load, which is

represented by resistor (RL) 492. Possible locations for a plurality of variable capacitors are

depicted with respect to variable capacitors 483, 486, 488 and 489. These variable capacitors



can be used to modify the resonance of a resonant structure formed in combination with

transformers 482 and 490 and/or inductors 484, 485 and 487. With respect to the

embodiments described above, the embodiment 400 of FIG. 4A could be utilized for variable

capacitor483, 486, 488 and 489. It is again noted that one or more of the variable capacitors

could be utilized to provide the tunable gain response desired for the narrow band tunable

PA. Further, if multiple variable capacitors are utilized, multiple different control signals can

be utilized to control the different variable capacitor circuits, if desired.

[0048] FIG. 5 provides a flow diagram of an embodiment 500 for a process flow for

adjusting the gain response for a narrow band tunable PA as described herein. In block 502,

a desired frequency band of operation is selected for the communication device and the

narrow band tunable PA. In block 504, tuning control signals are provided for the tunable PA

based upon the desired frequency band of operation. In block 506, the gain response of the

narrow band tunable PA is adjusted by circuitry within the tunable PA. And in block 508, the

narrow band tunable PA is operated in the selected band to amplify transmit signals for the

selected frequency band of operation. It is noted that a wide variety of different or additional

processes could be implemented while still taking advantage of then narrow band tunable

PAs described herein.

[0049] Further modifications and alternative embodiments of this invention will be

apparent to those skilled in the art in view of this description. It will be recognized, therefore,

that the present invention is not limited by these example arrangements. Accordingly, this

description is to be construed as illustrative only and is for the purpose of teaching those

skilled in the art the manner of carrying out the invention. It is to be understood that the

forms of the invention herein shown and described are to be taken as the presently preferred

embodiments. Various changes may be made in the implementations and architectures. For



example, equivalent elements may be substituted for those illustrated and described herein,

and certain features of the invention may be utilized independently of the use of other

features, all as would be apparent to one skilled in the art after having the benefit of this

description of the invention.



Claims

What is claimed is:

1. A narrow band tunable radio frequency (RF) power amplifier, comprising:

amplifier circuitry configured to receive a radio frequency (RF) signal and to generate

an amplified RF output signal, the amplifier circuitry configured to provide a

narrow band gain response tunable across a plurality of different frequency

bands based upon one or more tuning control signals, and the narrow band

gain response being linear across the different frequency bands; and

control circuitry configured to provide the one or more tuning control signals to the

amplifier circuitry based upon a frequency band selection signal;

wherein each of the plurality of different frequency bands are associated with a

different communication system;

wherein the narrow band gain response is configured to pass frequencies within a

selected frequency band and to reject frequencies outside the selected

frequency band; and

wherein the amplifier circuitry and the control circuitry are integrated on the same

integrated circuit.

2. The narrow band tunable RF power amplifier of claim 1, wherein the amplifier

circuitry and the control circuitry are fabricated using CMOS processing.

3. The narrow band tunable RF power amplifier of claim 1, wherein the amplifier

circuitry comprises one or more amplifier stages and one or more tunable resonant structures

associated with the one or more amplifier stages, each tunable resonant structure being



configured to receive the one or more tuning control signals to adjust the narrow band gain

response for the amplifier circuitry.

4. The narrow band tunable RF power amplifier of claim 3, wherein the one or more

tunable resonant structures comprise one or more variable capacitors.

5. The narrow band tunable RF power amplifier of claim 3, wherein a center frequency

for the narrow band gain response is adjustable.

6. The narrow band tunable RF power amplifier of claim 5, wherein a bandwidth for the

narrow band gain response is adjustable.

7. The narrow band tunable RF power amplifier of claim 1, wherein the plurality of

frequency bands are above 600 MHz.

8. The narrow band tunable RF power amplifier of claim 1, wherein the amplifier

circuitry comprises single-ended input signals and output signals.

9. The narrow band tunable RF power amplifier of claim 1, wherein the amplifier

circuitry comprises differential input signals and output signals.

10. The narrow band tunable RF power amplifier of claim 1, further comprising:

a transmit input pin coupled to the amplifier circuitry and configured to receive the

RF signal;



a transmit output pin coupled to the amplifier circuitry and configured to output the

amplified RF signal; and

at least one band selection input pin coupled to the control circuitry and configured to

receive a band selection signal.

11. The narrow band tunable RF power amplifier of claim 10, wherein the band selection

signal comprises a signal configured to be provided to an antenna switch module for a

communication device.

12. The narrow band tunable RF power amplifier of claim 1, further comprising:

a transmit input pin coupled to the amplifier circuitry and configured to receive the

RF signal;

a transmit output pin coupled to the amplifier circuitry and configured to output the

amplified RF signal; and

at least one control input pin coupled to the control circuitry and configured to receive

control signals, the control signals being configured to provide band selection.

13. The narrow band tunable RF power amplifier of claim 1, further comprising one or

more internal control signals coupled to the control circuitry to adjust the narrow band gain

response.



14. A method for operating a narrow band tunable radio frequency (RP) power amplifier,

comprising:

selecting a frequency band of operation for a narrow band tunable RF power amplifier

from a plurality of different frequency bands, each of the plurality of different

frequency bands being associated with a different communication system;

tuning the narrow band tunable RF power amplifier to have a narrow band gain

response for the selected frequency band, the narrow band gain response being

configured to pass frequencies within a selected frequency band and to reject

frequencies outside the selected frequency band;

receiving a radio frequency (RF) signal;

amplifying the RF input signal using the tuned narrow band gain response, the narrow

band gain response being linear across the selected frequency band; and

outputting the amplified RF signal;

wherein the selecting, tuning, receiving, amplifying and outputting steps are

performed within a single integrated circuit.

15. The method of claim 14, wherein the selecting, tuning, receiving, amplifying and

outputting steps are performed within a single CMOS integrated circuit.

16. The method of claim 14, wherein the tuning step comprises tuning one or more

resonant structures associated with one or more amplifier stages to adjust the narrow band

gain response.

17. The method of claim 16, wherein the tuning step further comprises tuning one or

more variable capacitors within the one or more tunable resonant structures.



18. The method of claim 16, wherein the tuning step comprises tuning a center frequency

for the narrow band gain response.

19. The method of claim 18, wherein the tuning step comprises tuning a bandwidth for

the narrow band gain response.

20. The method of claim 14, wherein the plurality of frequency bands are above 600MHz.

21. The method of claim 14, wherein the receiving step comprises receiving the RF signal

through a transmit input pin, wherein the outputting step comprises outputting the amplified

RF signal through a transmit output pin , and wherein selecting step comprises using a band

selection signal received through at least one band selection input pin.

22. The method of claim 21, wherein the band selection signal comprises a signal

configured to be provided to an antenna switch module for a communication device.

23. The method of claim 14, wherein the receiving step comprises receiving the RF signal

through a transmit input pin, wherein the outputting step comprises outputting the amplified

RF signal through a transmit output pin , and wherein selecting step comprises using control

signals received through at least one control input pin.

24. The method of claim 14, wherein the tuning step further comprises using one or more

internal control signals to adjust the narrow band gain response.
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