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

[V0002] Radio frequency (RF) power amplifiers (PAs) are used to produce oufput trénsmit
signas by amplifying weak input >signals in wireless devices, such as cellular telephone
handsets. Many of these communication devices are configured to operate in different
frequeﬁcy bands for different communication systems. For example, current third generation
(3G) cellular communication systems utilize a variety of different f'requency 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,
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for example, 824-849Mhz for GSM 800, 880-915Mhz for GSME 900, 1710-1785Mhz for

DCS 1800, and 1850-1910Mhz 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 theﬁ to amplify multiple frequency bands.
However, transmit sighal gain and noise in certain frequency bands is detrimental to system
performance, for exémple, 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
-positionihg 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 éignals in frequencies outside.the selected frequency
band. A tunable narrow-band filter on the ipput 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 adiagram of an example gain response 102 for awideband
power amplifier (PA). The wideband gain response 102 provides high ‘gain for éWide range -
of frequencies between alower frequency corner (fi) and ahigher frequency corner (fa). As
depicted, this wide rangé of frequencies 108 includes two communication frequency bands
(BI, B2). Thefirst communication frequency band (BI) includes a range of frequencies 104
between a first low frequency (f i) and a first high frequency (fa). 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
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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 (BI)

will still be amplified and output by the wideband PA.

[0005] FIG. IB (Prior Art) isablock diagram of an embodiment 150 for output circuitry
used by acom.munication device including awideband PA 152. As depicted, the wideband
PA 152 receives a transmit signal (TX) 168 that has been passed through a tunable narrow
‘band filter 166. This trénsmit signa (TX) 168 can be provided, for example, from a
basebaﬁd (BB) processor and/or atransceiver (XCVR) 160 in a communication device. The
widebandA 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 afirst 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 (BI)
and reject other frequencies. Similarly, the second duplexer (B2) 158 is configured to pass
frequencies within the second frequency band '(BZ) 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 (RXI) 157 that can be provided to the baseband processor or transceiver 160.
SimiAIarIy, in receive mode, duplexer 158 outputs a second receive signél (RX2) 157 that can
be provided to the basebénd 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
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filter 166 can also be configured to receive the band select signa 170, and the band select

signal 170 can be used to tune the tunable narrow band filter 166 for a selected band.

[0006] It is noted that in addition to the first band (Bl) and the second band (B2), the
corﬁmunication 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/br a Bluetooth transceiver, if desired, that also utilize the same antenna

164.

[0007] One disﬁdvantage of the output circuitry 150 of FIG. IB (Prior Art) isthe need for
a tunable narrow band filter at the input to the wideband PA 152 to reduce energyv in non-
selected frequency bands. Regulatiohs associated with many communication systems restrict
the amount of out-of-band enérgy that can be transmitted by a,communipation device
operating wi;[h the communication system. For examplé, transmitted énergy within a non-
selected first band (BlI) may need to be significantly less than transmitted energy within a
selected second band (B2). Thus, as depicted in I5IG. .IB, the narrow band filter a 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 abilify of the system to detect very weak receh)er 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.
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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 narrowv band tuhable RF
PAs thereby provide out-of-band rejection for different selectable frequency bands so that
narro_w»band filters are not .requi red in. the transmit input path for communication dévices..
Thekpassband location and/or bandwidth for the narrow band gain responsé can be tuned
using different techniques, as desi red. In one embodiment, the narrow band tunable RF PA
has a plurality 6f predetermined frequency responses that can be selected for a plurality of
different frequency bands. Still fﬁrther, a band select signal typically applied to an antenna
sNitch module (ASM) can adso be provided to the n;arrow band tunable RF PA to select the
frequency response to be used. Where the narrow band tunable ﬁF PA isAimpIemented
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 asthe 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 integrafed circuit can
also be fabricated using CMOS processing, if desired, so that a CMOS PA integrated circuit |
isprovided. If ‘desi red, other features and variations can be implemented, and related systems

and methods can be utilized, aswell.

[0009] In one embodiment, a narrow band tunable RF power amplifier includes amplifier
circuitry configured to receive aradio 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



WO 2012/005752 PCT/US2011/001122

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 frecjuency band. And the amplifier circuitry and the
contfol circuitry are integrated on the same integrated circuit. If desired, the ihtegrated circuit
can aso 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 inélude. 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 seléction signal. In addition, the band selection signal can be a
signal configured to be provided to an antenna switch moduI‘e for a communication device.
Still furthér, the narrow band tunable RF power amplifiér can include a transmit input pin
coupled to the amplifier circuitry and configured to receive the RF signal; atransmit output
pin coupled to the amplifier ci rcuitry 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
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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 withla 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 aradio frequency (RF) signal, amplifying the RF input signal Qsi ng 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 usi'ng 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 gan
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 bandA gain response.  Still further, the .
feceivi ng step can include receivi ng the RF signal through atransmit 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
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selection input pin. In addition, the band selection signal can include a signal configured to
be provided to an antenna switch module for alcommunication device. Stll further the
receiving step can include receiving the RF signal through atransmit input pin; the outputting
step can include outputting the amplified RF signal through atranémit 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.
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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 écope, 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. 1B (Prior Art) isablock diagram of an embodiment for output circuitry used

by a communication device including awideband 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 isablock diagram of a single-ended embodiment for tunable gain stages

for anarrow band tunable PA.

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

for anarrow 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.
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[0022] FIG. 3D isadiagram of example gain responses associated with the embodiments

of FIGS. 3A-C.

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

provide tuning control signals.

[0024]  FIG. 4A is a dircuit 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. 5is aflow diagram ‘of an embodiment for a process flow for adjusting the

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

-10 -
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Detailed Description of the Invention

[0027] Narrow band tunable radio frequency (RF) power amplifiers (PAs) and related
rﬁethods are disclosed that provide atunable narrow band gain response that can be selected
for different frequency bands and that can be linear across these different frequency bénds.
The narrow band tunable RF PAs thereby provide out-of-band rejection for different
selectable frequency bands so that additional narrow band filteré are not required in the
transmit output path for communication devices.' If desired, the integrated circuit can aso be

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

' [0028] Itis notéd 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
bénd. It is adso 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 backgrouhd above, current 2G and 3G
cellular telephone communication systems use different dedicated frequehcy 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 pbwer 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

-11 -



WO 2012/005752 PCT/US2011/001122

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 aﬁd related position in amulti-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 pIurality 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, BZ) In addition, a third frequency band (B3) 210 is shown. The first
communication frequency band (BI) includes arange of frequencies 104 between a first low
frequency (f.,) and a first high frequency (fm). The second communication frequency band
(B2) includes arange of frequencies 106 between aA second Idw frequency (fi,) and a second
high frequency (fm)- The third communication‘_ frequency band (B3) includes a range Q_f
frequencies 210 between athird low frequency (fi3) and athird high frequency (fm); The
narrow band frequency r&qbonse 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 réjecting

frequencies outside that frequency band.

[0031] As repreéented 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 (BI)
104, as représented by dotted frequency r&cponée 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

-12-
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frequency response 208C. It is aso 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 asymmetricaly, for different frequency bands, if desired. It
is further noted that thek gain response 208A can elso 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 atra_\nsmit (TX) signal 168 to the
narrow band tunable PA 252 which is configured to operate in two frequency bands (Bl, B2).
Asin FI-G. I B (Prior Art), the output of the narrow band tunable PA 25% isprovided to switch
(SW) 154), Which selectively sends the amplified transmit output signals to.duplexer (8l
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 (RX 1 RX?2) 157 and 159,
respectively, “for bi-directiohal 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 aso 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 aready

being supplied "to the switch (SW) 154 and/or ASM 162, provides one efficient
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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 alinear 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. Asindicated above, the integrated circuit can aso be fabricated
, using CMOS processing, if desired, so that a CMOS PA integrated circuit is providéd.
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) pinis
configured to receive a transmit input signal, such as a transmit signal from a baseband
processor and/or transceiver. A voltage supply (vsSuppLY) 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 ci rcuit 270. ltis
also noted that different voltage.supplies and ground planes can be coupled to input pins Qf
the PA integrated circuit 270, if desired. The output (OQUTPUT) 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 aso be provided, such asthe 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 intégrated circuit 270

can aso include aband select (BAND) input pin 282 that can receive aband selection signal,
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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, asdéi red. 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 aso be provided to the narrow band tunable PA to select the frequency résponée 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 aﬁd frequency response for the PA integrated circuit. Further, the control
signals provided '.[hroughl 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 uséd in adjusting its gain response &cross multiple
frequency bands of operation. For example, a seria interface, such as a 2-pin or 3-pin seria
interface, could be used to communicate control information to the tunable PA integrated
circuit 270. #urther, 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 ‘ci rcuit 270 so that a desired gain response is

achieved by the PA integrated circuit 270 for a desired frequency band of operation. On-chip
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registers, look-up tables or other data storage circuitry could also be used to store infqrmation
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 thetunable PA. One such control interface protocol that can be uséd isthé MIPI standard
protocol being de\)eloped 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
avlinear gain response, as described herei n, include CMOS PAs d@bri bed in fhe following co-
-pending applications: U.S. Patent Application Serial Number 12/151,199, entitled
"CONTROLNLING 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‘
Seriad 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 ey’
reference in its enti rety. CMOS PAs that can be programmed in part using integrated OTP
(one-time programmable) memory to provide pr_ogrammable tuning after fabrication are the
following co-pending application: U.S. Patent Application Serial Number 12/657,996,
entitted "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
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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 cohsi dered 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 ablock 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 signa
representing the transmit signal to be output' by the communication device. The first gain
stage 302 provides a signa to a second gain stage 304, which in turn provides an output
signal that is provided to further gain ﬁag&s 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 (BI, B2 ..

BN) to be éelect_ed asrepresented 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 sécond 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 310a and 310B provide a resonant structure that tunes 'the gain response for the
differential embodiment 310. The variable capacitors 310A and 310B receive controls
signalsthat alow for one of a plurality of bands (Bl, B2 ... BN) to be selected as represented

by the designation BI :N.
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[0041] FIG. 3C is an alternative block diagram of a differentia 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 signa] 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
signa to seeond gain stage 324A, and capacitor 318A and transformer 326A provide a
resonant structure that tunes the gain response for the differentia embodiment 320. If the
second f.requency 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 stege 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 (B, vBZ .. BN) to be

selected as represented by the designation B :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 atunable gain response for a narrow band tunable

PA.

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

of FIGS. 3A-C. A first gain response 352 having afirst center frequency (fl) is provided for
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afirst frequency band (Bl). A second gain response 354 having a second center frequency
(£2) isprovided for a second frequency band (B2). And an Nth gain response 356 havi ng an

Nth center frequency (fN) isprovided for an Nth frequency band (BN).

[0044] FIG. 3E isablock 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 366. The tuning control
signals are provided by tuning control circuitry 352. The tuning control circuitry 352 can be
controlled uéing external control signals 354 that can be provided through an externd
interface. The external interface can be any desired interface for providin‘g band control
signalsto the PA. The tuning control circuitry 352 can also be controlled in part through one
or more internal control signals 356, if desired. Further variat.ions could also be provided

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

[0045] Example embodiments for implementing variable capacito_rs that can be used
within the tunable amplifier' circuitry for narrow band tunable PAs are now discussed with
respect to FIGS. 4A. It isnoted 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 descri bed 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, Cl, C2 ... CN) that are coupled in parallel between a signa line

402 and a signal line 404, such as ground. These capacitors (CO, CI, C2 .. CN) can be
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selectably included or excluded from the overall variable capacitance 406 through transistor
switches that are controlled by digital control signas (DO, DI, D2 ... DN). In particular, a
capacitor COis coupled to signal line 402 and to ground 404 through a transistor switch that
is controlled by signal DO. A capacitor Cl is coupled between a signal line 402 and ground |
404 through atransistor switch that is controlled by signal DI. 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 (RO, RI, R2 ... RN) can be coupled between a voltage bias (Va9
and the nodes between the capécitors (CO, CI, C2 ... CN) and the transistor switches in‘order
to proyide abiasto the floating capacitor nodes when the transistor switches are turned off by
digital control signals (DO, DI, D2 ... DN). It isfurther noted that additional switches could
also be provided between the resistors (RO, RI, R2 ... RN) and the voltage bias (Vg ss) OF -
between the resistors (RO, RI, R2 ... RN) and the floating capacitor nodes, if desired, so that
the resistors (RO, RI, 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 circﬁit block diagram of an embodiment 470 for a narrow band
tunable PA architecture including multiple gain stages and multi plle variable capacitors. As
depicted, the tunable PA embodiment 470 includes three gain stages: \a first pre-amplifier
(PRE—AM P) gain stage 472, a second driver (DRI\/ER) gain stage 474 and a third output
(OUTPUT) gain stage 476. The embodiment 470 receives an input transmit signal (TX )
478 and provides an amplified transmit output signal (TXout) 480 to a load, which is
represented by resistor (R, ) 492. Possible locations for. aplurdity of variable capacitors are

depicted with respect to variable capacitors 483, 486, 488 and 489. These variable capacitors
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can be used to modify the resonance of a resonant structure forrhed in combination wjth
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 isagain noted that one or more of the variable capacitors
could be utilized to provide the tunable gain response desired for the nérrow 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 provid% a flow diagram of an embodiment 500 for a process flow for
adjusting the gain response for anarrow band tunable PA as described herein. In block 502,
a desired frequency band of opération 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 awide variety of different or additiona
processes could be implemented while still taking advantage of then narrow band tunable

PAs described herein.

[0049] Further modifications and alternative embodiments of this inveﬁtion will be
apparent to those skilled inthe art in view of this description. It will be recognized, therefore,
that the present invention is not limited by these example arrangements. Accordingly, this
descri ptioh 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 isto 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
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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.
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Claims

What is claimed is:

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

amplifier circuitry configured to receive aradio frequency (RF) signal and to generate
an-amplified RF output signal, the amplifier circuitry configured to provide a
narrow band gain response tunable across aplurality of different frequency
bands based upon one or more tuning control signals, and the narrow band
gain response bei ng 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 afrequency band selection signal;

wherein each 6f 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
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configured to receive the one or more tuning control signalsto adjust the narrow band gain

response for the ampl ifier 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 abandwidth 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.  Thenarrow band tunable RF power amplifier of claim 1, further comprising:

atransmit input pin coupled to the amplifier circuitry and configured to receive the

RF signdl;
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atransmit 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 aband 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:
atransmit input pin coupled to the amplifier circuitry and configured to receive the
RF signal;
atransmit output pin coupled to the amplifier circuitry and configured to output the
amplif‘ied 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.
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14. A method for operating a narrow band tunable radio frequency (RP) power amplifier,
comprising:
selecting a frequency band of operation for anarrow band tunable RF power amplifier
from aplurality of different frequency bands, eagh of the blurality of different
| frequency bands being a$oci ated with a different communication system;
tuning the narrow band tunable RF power amplifier to have anarrow 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 aradio frequency (RF) signad;
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 selecti ng, 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

© gainresponse.

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.
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18.  Themethod 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 atransmit input pin, wherein the outputting step comprises outputting the amplified
RF signa through atransmit 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 atransmit input pin, wherein the outputting step comprises outputting the amplified
RF signal through atransmit 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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