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SYSTEM PROVIDING SWITCHABLE IMPEDANCE
TRANSFORMER MATCHING FOR POWER AMPLIFIERS

BACKGROUND
Field
[0001] The present application relates generally to the operation and design of
amplifiers, and more particularly, to a system providing switchable impedance

transformer matching for amplifiers, for example, power amplifiers.

Background

[0002] Efficient signal amplification is especially important during transmissions
from portable devices. Typically, such devices comprise a power amplifier having its
output power determined by an optimum impedance on the load line provided by either
lumped circuit matching or a transformer that couples the amplifier output to an output
transmission path. This configuration results in good efficiency at high output power
levels but not at low output power levels.

[0003] To illustrate this problem, consider a portable mobile station transmitting
data to a base station in a cellular communication system. When the base station is far
away, the mobile station increases its transmission power to assure proper
communication with the base station. At high output power levels the mobile station’s
amplifier is operating very efficiently based on the single fixed impedance that couples
the amplifier output to the output transmission path. However, as the mobile stations
moves closer to the base station, the mobile station may reduce its transmit power. At
lower output power levels, the mobile station’s amplifier operates less efficiently
because the single fixed impedance that couples the amplifier output to the output
transmission path provides less efficiency at lower power levels. This reduced
efficiency means increased power consumption, which can be very problematic for
battery operated portable devices.

[0004] Portable devices having multiple communication interfaces present
additional problems with respect to signal amplification. For example, a portable device
having both wireless LAN (WLAN) and Bluetooth (BT) communication interfaces

typically utilizes a separate amplifier for each interface. Not only does this require
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additional circuitry, but coupling multiple amplifiers into the transmission path may
require special switches or other circuitry that may introduce signal loss.

[0005] Therefore, it would be desirable to have an amplifier that provides efficient
operation at both low and high power levels, and which can be configured to provide
amplification for multiple communication interfaces thereby conserving power,

circuitry, and maintaining signal quality.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] The foregoing aspects described herein will become more readily apparent
by reference to the following description when taken in conjunction with the

accompanying drawings wherein:

[0007] FIG. 1 shows a conventional transceiver;

[0008] FIG. 2 shows an exemplary a system providing efficient power
amplification and switchable impedance transformer matching;

[0009] FIG. 3 shows an exemplary amplifier providing switchable impedance
transformer matching in accordance with the system shown in FIG. 2;

[0010] FIG. 4 shows an exemplary illustration of the amplifier of FIG. 3 operating
in receive mode;

[0011] FIG. 5 shows an exemplary illustration of the amplifier of FIG. 3 operating
in a high power amplification mode;

[0012] FIG. 6 shows an exemplary illustration of the amplifier of FIG. 3 operating
in a low power amplification mode;

[0013] FIG. 7 shows an additional exemplary embodiment of the amplifier of FIG.
3 that utilizes switchable power supply voltages;

[0014] FIG. 8 shows an exemplary graph illustrating the efficiency of the amplifier
of FIG. 7 at various output power levels;

[0015] FIG. 9 shows an exemplary a system comprising the system of FIG. 2 and
further comprising the addition of an ultra low power path;

[0016] FIG. 10 shows an exemplary power amplifier providing switchable
impedance transformer matching in accordance with the system shown in
FIG. 9;

[0017] FIG. 11 shows an exemplary graph illustrating the efficiency of the

amplifier of FIG. 10 at various output power levels;
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[0018] FIG. 12 shows an exemplary implementation of a transformer for use in the
amplifier of FIG. 3;

[0019] FIG. 13 shows an exemplary implementation of a transformer for use in the
amplifier of FIG. 10;

[0020] FIG. 14 shows an exemplary amplifier selection circuit;

[0021] FIG. 15 shows an exemplary amplifier providing switchable impedance
transformer matching;

[0022] FIG. 16 shows an exemplary method for providing switchable impedance
transformer matching for power amplifiers;

[0023] FIG. 17 shows an exemplary amplifier apparatus providing switchable
impedance matching; and

[0024] FIG. 18 shows an exemplary amplifier apparatus providing switchable

concurrent impedance matching.

DETAILED DESCRIPTION

[0025] The detailed description set forth below in connection with the appended
drawings is intended as a description of exemplary embodiments of the invention and is
not intended to represent the only embodiments in which the invention can be practiced.
The term "exemplary" used throughout this description means "serving as an example,
instance, or illustration," and should not necessarily be construed as preferred or
advantageous over other exemplary embodiments. The detailed description includes
specific details for the purpose of providing a thorough understanding of the exemplary
embodiments of the invention. It will be apparent to those skilled in the art that the
exemplary embodiments of the invention may be practiced without these specific
details. In some instances, well known structures and devices are shown in block
diagram form in order to avoid obscuring the novelty of the exemplary embodiments
presented herein.

[0026] A novel switchable impedance transformer matching system is provided that
operates to significantly increase efficiency and reduce power consumption of an
amplifier operating at low output power levels. The amplifier comprises two or more
amplification stages that are inductively coupled to an output path. A first amplification
stage is used for high power amplification and a second amplification stage is used for

low power amplification. The amplification stages are selectively and inductively
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coupled to the output path thereby providing switchable impedance transformer
matching to adjust their output impedances such that the low power amplification stage
provides reduced power consumption (and greater efficiency) at low output power
levels when compared to the high power amplification stage operating at the same
power level. Thus, by providing two or more amplification stages each inductively
coupled to the output path with appropriately matched output impedances, the amplifier
can be configured to provide reduce power consumption and high efficiency at low
output power levels.

[0027] Thus, implementations of the switchable impedance transformer matching

system provide one or more of the following features.

1. Insignificant performance degradation on the receive path by using a switch or
concurrent matching

2. Expandable to allow for any desired number of amplification stages to extend
efficiency improvements to very low output power levels

3. Shared circuitry reduces circuit footprint

4. Provides multiple power stages for use by multiple communication interfaces or

standards available on a device.

[0028] FIG. 1 shows a conventional transceiver 100. The transceiver 100 operates
to allow a device to transmit and receive signals in a communication network. The
transceiver 100 comprises a digital system 102 that receives data from the
communication system and generates data for transmission.

[0029] During transmit operations, the digital system 102 generates digital data for
transmission and passes this data to a digital to analog convertor (DAC) 104. The DAC
104 converts the digital data to an analog signal that is filtered by the filter 106 and
input to mixer 108. The mixer 108 generates a transmit signal at the appropriate
transmission frequency that is input to a transmit amplifier 110.

[0030] The transmit amplifier 110 amplifies the transmit signal to a selected power
level based on an impedance provided by a transmit matching network 112. The
matching network 112 matches the impedance provided to the transmitter 110 to an
impedance that is provided to a diplexer and/or transmit/receive (T/R) switch 114 that
couples the amplified transmit signal to an antenna for transmission.

[0031] During receive operations, signals received by the antenna pass through the

diplexer and/or T/R switch 114 to a receive matching network 116. The receive
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matching network 116 matches the impedance provided to the diplexer or
transmit/receive (T/R) switch 114 to an impedance provided to a receive amplifier 118.
[0032] The receive amplifier 118 amplifies the received signal and inputs the
amplified receive signal to a mixer 120 that converts the received signal to baseband.
The received baseband signal is then filtered by the filter 122 and input to an analog to
digital converter (ADC) 124 that converts the signal to a digital representation that is
input to the digital system for processing.

[0033] Therefore, the transceiver 100 is configured to allow a device to transmit and
receive data in a communication network. It is desirable, especially for portable
devices, that the transmit amplifier 110 operates efficiently at a variety of output power
levels to conserve power. It is also desirable that the matching networks 112 and 116
provide concurrent matching to facilitate efficiency, reduce circuit requirements, and
associated costs. Thus, it is desirable to provide improvements to the amplifier and
matching network circuitry indicated at 126. In various aspects, the novel switchable
impedance transformer matching system described herein provides these and other
improvements.

[0034] FIG. 2 shows an exemplary a system 200 providing efficient power
amplification and switchable impedance transformer matching. The system 200 is
suitable for use in a variety of communication devices. For example, the system 200 is
suitable for use as the amplifier and matching network indicated at 126 shown in FIG.
1. The system 200 comprises a high power amplification path 202, a low power
amplification path 204, and a concurrent matching network 206.

[0035] During operation, a signal to be amplified is input to both the high power
amplification path 202 and the low power amplification path 204. One of the
amplification paths is enabled to produce an amplified signal that is coupled to the
concurrent matching network 206. For example, the high power amplification path 202
comprises amplifier 208 that is coupled to a high power supply (HS) to produce a high
power output that is coupled to the concurrent matching network 206. The low power
amplification path 204 comprises amplifier 210 that is coupled to a low power supply
(LS) to produce a low power output that is coupled to the concurrent matching network
206.

[0036] Depending on which amplification path is enabled, the concurrent matching

network operates to transform the load impedance to an optimum impedance that
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appears at the power amplifier output. This results in efficient signal amplification at
both low and high power levels. The amplified signal is then passed to an antenna for
transmission. During signal reception, the concurrent matching network 206 operates to
provide impedance matching with receiver electronics to enable a received signal to be
passed to receive circuitry for further processing.

[0037] Thus, the system 200 operates to allow the output power range to be divided
into high and low amplification ranges that operate with improve efficiency over
conventional amplifiers that provide high efficiency only at high output power.
Furthermore, the system 200 is shown with two power paths but may be expanded to
include more power paths as desired. As a result, the system provides a degree of
expandability not provided by conventional amplifiers. Additionally, the amplifier
stages can be used by multiple communication interfaces or standards available on a
device, thereby reducing overall hardware requirements and eliminating special
switches or other circuitry that may produce signal loss. More detailed descriptions of
implementations and operations of the system 200 are provided below.

[0038] FIG. 3 shows an exemplary power amplifier 300 providing switchable
impedance transformer matching in accordance with the system 200 shown in FIG. 2.
The amplifier 300 comprises a first amplifier 302, a second amplifier 304, a diplexer
306, and an amplifier selection circuit 308. For example, the first amplifier 302 is part
of the high power amplification path 202 and the second amplifier 304 is part of the low
power amplification path 204.

[0039] During the receive operation, signals received at antenna 310 are passed to
diplexer 306. The diplexer 306 comprises any suitable diplexer configured to allow
signals to be received and transmitted from the antenna 310. The received signals then
flow from the diplexer 306 to DC blocking capacitor 312 where DC components of the
signal are removed. From the capacitor 312 the received signals flow through inductor
L1 and then on path 314 to receiver circuitry, not shown.

[0040] During the transmit operation, the amplifier selection circuit 308 determines
which of the first 302 and second 304 amplifiers will be used to amplify a signal for
transmission. For example, the amplifier selection circuit 308 outputs a first selection
signal (S1) to enable the first amplifier 302, and outputs a second selection signal (S2)

to enable the second amplifier 304. Additionally, the transistor 328 is enabled using a
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Txen signal, which effectively couples terminal 322 to ground to enable transmission
and disable the receiver path 314.

[0041] Assuming the first amplifier 302 is enabled, a differential signal (S+, S-) is
received at the gate terminals of transistors MNaj, and MNyi,, respectively.  The
transistors MN41p and MNy 1, are coupled to coil L4, which in turn is coupled to a high
voltage power supply (HS). For example, in an exemplary implementation, the high
voltage power supply is set to 2.9 volts. A first portion of the coil 1.4 (LL4n) is coupled
between the transistor MNaj, and the HS, and a second portion of the coil L4 (L4p) is
coupled to between the transistor MNuj, and the HS. Thus, during operation, the
differential signal (S+, S-) energizes the two coil portions (L.4p and L4n).

[0042] The coil 14 is tightly coupled to the coil L.1. TFor example, the inductive
coupling between the coil L1 and 1.4 is set to (1.5 to 1) as indicated at 330. A more
detailed description of how the coils I.1 and 14 are inductively coupled is provided
below.

[0043] The differential signal (S+, S-) is amplified to a high output power and
inductively coupled to the coil 1. The amplified signal then flows through the DC
block capacitor 312 to the diplexer 306 and is then transmitted by the antenna 310.
[0044] Assuming the second amplifier 304 is enabled, the differential signal (S+, S-
) is received at the gate terminals of transistors MNao, and MNa»,, respectively. The
transistors MNa», and MNy», are coupled to coil LS5, which in turn is coupled to a low
voltage power supply (LS). Tor example, the low voltage power supply is set to 1.2
volts. A first portion of the coil L5 (LL5n) is coupled between the transistor MN s, and
the LS, and a second portion of the coil L5 (L.5p) is coupled to between the transistor
MNa2, and the LS. Thus, during operation, the differential signal (S+, S-) energizes the
two coil portions (I.5p and L5n).

[0045] The coil LS5 is tightly coupled to the coil LL1. TFor example, the inductive
coupling between the coil L1 and L5 is set to (1.5 to 2) as indicated at 332. A more
detailed description of how the coils L1 and L5 are inductively coupled is provided
below.

[0046] The differential signal (S+, S-) is amplified to a low output power level and
inductively coupled to the coil L.1. The amplified signal then flows through the DC
block capacitor 312 to the diplexer 306 and is then transmitted by the antenna 310.
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[0047] Thus, the amplifier 300 provides amplification of the differential signal (S+,
S-) at two power ranges. For low power levels, the amplifier selection circuit 308
enables the amplifier 304 and for high power levels, the amplifier selection circuit 308
enables the amplifier 302. Each amplifier comprises a coil that is inductively coupled to
the coil L1 located in the output path to the diplexer 306. A details description of the
various operating modes of the amplifier 300 is provided in other sections of this
document.

[0048] It should also be noted that although the amplifiers 302 and 304 are
differential amplifiers; the system is also compatible with single ended amplifiers. For
example, the differential amplifier 302 may be replaced with the single ended amplifier
334. A similar substitution can be made for the differential amplifier 304.

[0049] FIG. 4 shows an illustration 400 of the amplifier 300 of FIG. 3 operating in
receive mode. For example, circuitry of the amplifier 300 not enabled during receive
mode is shown in light gray shading.

[0050] During receive mode, the amplifier selection circuit 308 outputs the selection
signals S1 and S2 to disable both amplifiers 302 and 304. Signals received at the
antenna 310 are passed to the diplexer 306 which inputs them to the DC blocking
capacitor 312. The signals then flow from the DC blocking capacitor 312 to the coil L1
and flow through the coil L1 on path 314 to the receiver for processing. During signal
reception, the concurrent matching network operates to provide impedance matching
with receiver electronics to enable the received signal to be passed to receive circuitry
for further processing. For example, the inductor 1.1 combines with input impedance
334 of receiver 336 to provide impedance matching to facilitate reception of signals
from the antenna 310.

[0051] Thus, during receive mode, the amplifiers 302 and 304 are disabled and their
coupling to the coil L1 does not affect the operation of the coil L1 to combine with the
receiver input impedance 334 to allow received signals to flow to the receiver 336 for
processing.

[0052] FIG. 5 shows an illustration 500 of the amplifier 300 of FIG. 3 operating in
high power amplification mode. For example, circuitry of the amplifier 300 not enabled
during high power amplification mode is shown in light gray shading.

[0053] During high power amplification mode, the amplifier selection circuit 308

controls the selection signal (S1) to enable the amplifier 302 and controls the selection
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signal (S2) to disable the amplifier 304. Additionally, the transistor 328 is activated by
the Tx., signal so that the terminal 322 is effectively coupled to ground thereby enabling
the transmission output path and disabling the receiver path 314.

[0054] Differential signals (S+, S-) are input to the amplifier 302 and result in
energizing the coil L4. The coil L4 is connected to the HS and the coil 14 is also
inductively coupled to the coil L1 as indicated at 330. The high power amplified signals
at coil L4 are coupled to the coil L1, which is in the output path. The amplified signals
then flow through the DC blocking capacitor 312 to the diplexer 306 and thereafter
transmitted by the antenna 310. Thus, during high power amplification mode, the
amplifier 302 operates to amplify the differential signal (S+, S-) using the HS and
couples this amplified signal to the coil L1 in the output path for transmission.

[0055] FIG. 6 shows an illustration 600 of the amplifier 300 of FIG. 3 operating in
a low power amplification mode. For example, circuitry of the amplifier 300 not
enabled during low power amplification mode is shown in light gray shading.

[0056] During low power amplification mode, the amplifier selection circuit 308
controls the selection signal (S1) to disable the amplifier 302 and controls the selection
signal (S2) to enable the amplifier 304. Additionally, the transistor 328 is activated by
the Tx., signal so that the terminal 322 is effectively coupled to ground thereby enabling
the transmission path and disabling the receiver path 314.

[0057] Differential signals (S+, S-) are input to the amplifier 304 and result in
energizing the coil L5. The coil L5 is connected to the LS and the coil L5 is inductively
coupled to the coil L1 as indicated at 332. The low power amplified signals are coupled
from the coil L5 to the coil 1.1, which is in the output path. The amplified signals then
flow through the DC blocking capacitor 312 to the diplexer 306 and thereafter
transmitted by the antenna 310. Thus, during low power amplification mode, the
amplifier 304 operates to amplify the differential signal (S+, S-) using the LS and
couples this amplified signal to the coil L1 in the output path for transmission.

[0058] FIG. 7 shows an exemplary amplifier 700 comprising the amplifier 300 of
FIG. 3 and additional circuitry providing for switchable low power supply voltages.
For example, amplifier 700 comprises the switch circuit 702 which operates to couple
one of two low voltage levels (LS1 and LS2) to the coil L5. TFor example, in an

exemplary implementation, 1.S1 is 1.2 volts and L.S2 is 1.8 volts.
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[0059] During low power amplification mode, the amplifier selection circuit 308
controls the selection signal (S1) to disable the amplifier 302 and controls the selection
signal (S2) to enable the amplifier 304. Additionally, the transistor 328 is activated by
the Tx., signal so that the terminal 322 is effectively coupled to ground thereby enabling
the output transmission path and disabling the receiver path 314. The amplifier
selection circuit 308 also outputs a voltage selection signal (Vs,) which operates to
control the switch circuit 702 to couple one of the two voltages (ILS1 or LS2) to the coil
L5. For example, if the voltage selection signal (V) is a logic “0”, LS1 is coupled to
the coil L5, and if the voltage selection signal (Vg,) is a logic “17, L.S2 is coupled to the
coil L5. If LSI1 is coupled to the coil L5, the amplifier 304 provides increased
efficiency at the lowest output power levels. If LS2 is coupled to the coil LS, the
amplifier 304 provides increased efficiency at intermediate output power levels.

[0060] FIG. 8 shows an exemplary graph 800 illustrating the efficiency of the
amplifier 700 shown in FIG. 7. For example, the graph 800 illustrates the relationship
between efficiency and amplifier output power during operation of the amplifier 700
shown in FIG 7.

[0061] The curve 802 illustrates the efficiency of the amplifier 700 using the high
power amplifier 302 of the high power path. The curve 804 illustrates the efficiency of
the amplifier 700 using the low power amplifier 304 of the low power path with L.S2 set
to 1.8 volts and coupled to the coil L5. The curve 806 illustrates the efficiency of the
amplifier 700 using the low power amplifier 304 of the low power path with LS1 set to
1.2 volts and coupled to the coil L5. The solid line curve 808 illustrates the resulting
efficiency achieved over the entire power output range.

[0062] The graph 800 illustrates that the amplifier 700 provides greater efficiency at
low power using the low power amplifier 304 as compared to the high power amplifier
302 at the same output power. An efficiency gain is illustrated as the difference in
efficiency between the high power amplifier 302 at a selected output power and the low
power amplifier 304 using a supply of L.S2=1.8 volts at the same output power. Ateven
lower output power values, the efficiency of the low power amplifier 304 is increased
using the supply of LS1=1.2 volts as compared to us the supply of L.S2=1.8 volts. Thus,
the amplifier 700 provides multiple amplifier stages that are inductive coupled to an

output path to allow greater efficiency to be achieved at low power levels.
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[0063] FIG. 9 shows an exemplary a system 900 comprising the system 200 and
further comprising the addition of an ultra low power path 902. The system 900 is
suitable for use in a variety of communication devices. The ultra low power path 902
illustrates how the system 200 can be expanded to include any number of power paths
to achieve increased efficiency at any desired output power level.

[0064] During operation, a signal to be amplified is input to the high power
amplification path 202, the low power amplification path 204, and the ultra low power
amplification path 902. One of the amplification paths is enabled to produce an
amplified signal that is coupled to the concurrent matching network 206. For example,
the high power amplification path 202 comprises amplifier 208 that is coupled to HS to
produce a high power output that is coupled to the concurrent matching network 206.
The low power amplification path 204 comprises amplifier 210 that is coupled to LS to
produce a low power output that is coupled to the concurrent matching network 206.
The ultra low power amplification path 902 comprises amplifier 904 that is coupled to
an ultra low power supply (ULS) to produce an ultra low power output that is coupled to
the concurrent matching network 206.

[0065] Depending on which amplification path is enabled, the concurrent matching
network 206 operates to transform the load impedance to an optimum impedance that
appears at the power amplifier output. The efficiently amplified signal is then passed to
an antenna for transmission.

[0066] FIG. 10 shows an exemplary amplifier 1000 comprising the amplifier 300 of
FIG. 3 and additional circuitry providing for ultra low power amplification and
switchable low and ultra power supply voltages. For example, amplifier 1000
comprises an ultra low power amplifier 904 and switch circuit 1002 that operates to
couple one of two low voltage levels (UL1 or UL2) to the coil L6.

[0067] During ultra low power amplification mode, the amplifier selection circuit
308 controls the selection signals (S1, S2) to disable the amplifiers 302 and 304 and
controls the selection signal (S3) to enable the amplifier 902. Additionally, the
transistor 328 is activated by the Tx., signal so that the terminal 322 is effectively
coupled to ground thereby enabling the output transmission path and disabling the
receiver path 314. The amplifier selection circuit 308 also outputs a voltage selection
signal (Vs3) which operates to control the switch circuit 1002 to couple one of two

voltages (UL1 or UL2) to the coil L6. For example, in an exemplary implementation,
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ULL is .6 volts and UL2 is 1 volt. If UL2 is coupled to the coil L6, the amplifier 902
provides increased efficiency at the low power levels. If UL1 is coupled to the coil L6,
the amplifier 902 provides increased efficiency at ultra low power levels.

[0068] FIG. 11 shows an exemplary graph 1100 illustrating the efficiency of the
amplifier 1000 of FIG. 10. For example, the graph 1100 illustrates the relationship
between efficiency and output power during operation of the amplifier 1000.

[0069] The curve 1102 illustrates the efficiency of the amplifier 1000 using the high
power amplifier 302. The curve 1104 illustrates the efficiency of the amplifier 1000
using the low power amplifier 304 with 1.S2=1.8 volts coupled to the coil L5. The
curve 1106 illustrates the efficiency of the amplifier 1000 using the low power amplifier
304 with L.S1=1.2 volts coupled to the coil LS. The curve 1108 illustrates the efficiency
of the amplifier 1000 using the ultra low power amplifier 902 with UL2=1 volt coupled
to the coil L6. The curve 1110 illustrates the efficiency of the amplifier 1000 using the
ultra low power amplifier 902 with UL1=.6 volts coupled to the coil L6. The solid line
curve 1112 illustrates the resulting efficiency achieved over the entire power output
range.

[0070] The graph 1100 illustrates that the amplifier 1000 provides greater efficiency
at low power using the ultra low power amplifier 902 as compared to the high power
amplifier 302. An efficiency gain is illustrated as the difference in efficiency between
the high power amplifier 302 at a selected output power and the low power amplifier
304 using L.S2=1.8 volts at the same output power. At even lower output power values,
the efficiency of the low power amplifier 304 is increased using the supply of 1.2 volts
as compared to using the supply of 1.8 volts. At the lowest output power values, the
efficiency of the ultra low power amplifier 902 is increased using the UL1=.6 volts as
compared to using the UL1=1 volt. Thus, the amplifier 1000 allows multiple amplifier
stages to be inductive coupled to an output path to allow greater efficiency to be
achieved at low output power levels.

[0071] FIG. 12 shows an exemplary implementation of a transformer 1200
providing switchable impedance transformer matching. For example, the transformer
1200 is suitable for use in the amplifier 300 of FIG. 3. The transformer 1200 is
implemented with conductive traces on a circuit board 1202 or as part of an integrated

circuit.
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[0072] The transformer 1200 comprises inductor L1 having terminal connections at
320 and 322. The inductor L1 comprise a conductive trace that begins at terminal 320
and makes one and one half rotations before ending at terminal 322.

[0073] Tightly coupled to the inductor L1 is inductor 1.4 having terminals
connections at 324 and 326. The inductor L4 comprises a conductive trace that begins
at terminal 324 and makes one rotation before ending at terminal 326.

[0074] Also coupled to the inductor L1 is inductor L5 having terminals connections
at 316 and 318. The inductor L5 comprises a conductive trace that begins at terminal
316 and makes two rotations before ending at terminal 318.

[0075] Thus, the transformer 1200 provides for tight coupling between coils I.1 and
L4 at a ratio of 1.5:1, and between coils L1 and L5 at a ratio of 1.5:2.

[0076] FIG. 13 shows an exemplary implementation of a transformer 1300
providing switchable impedance transformer matching. For example, the transformer
1300 is suitable for use in the amplifier 1000 of FIG. 10. The transformer 1300 is
implemented with conductive traces on a circuit board 1302 or as part of an integrated
circuit.

[0077] The transformer 1300 comprises inductor L1 having terminal connections at
320 and 322. The inductor L1 comprise a conductive trace that begins at terminal 320
and makes two rotations (or turns) before ending at terminal 322.

[0078] Tightly coupled to the inductor L1 is inductor 1.4 having terminals
connections at 324 and 326. The inductor 1.4 comprises a conductive trace that begins
at terminal 324 and makes one rotation before ending at terminal 326.

[0079] Also coupled to the inductor L1 is inductor L5 having terminals connections
at 316 and 318. The inductor L5 comprises a conductive trace that begins at terminal
216 and makes two rotations before ending at terminal 218.

[0080] Also coupled to the inductor L1 is inductor L6 having terminals connections
at 1004 and 1006. The inductor L6 comprises a conductive trace that begins at terminal
1004 and makes three rotations before ending at terminal 1006.

[0081] Thus, the transformer 1300 provides for tight coupling between coils L.1 and
L4, for example at a ratio of 2:1, between coils L1 and L5, for example at a ratio of 2:2,
and between coils L1 and L6 for example, at a ratio of 2:3. It should be noted that the
coupling ratios provided herein are exemplary and that any desirable coupling ratios can

be utilized.
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[0082] FIG. 14 shows an exemplary amplifier selection circuit 1400. For example,
the amplifier selection circuit 1400 is suitable for use as the amplifier selection circuit
308. The amplifier selection circuit 1400 comprises processor 1402, memory 1404,
amplifier power supply selection module 1406 and amplifier selection module 1408 all
coupled to communicate over communication bus 1410.

[0083] The processor 1402 comprises at least one of a CPU, processor, gate array,
hardware logic, memory elements, and/or hardware executing software. The processor
1402 operates to control the functions of the amplifier selection circuit 1400 based on a
received control signal (C'TL). For example, the control signal may be receive from a
control entity at a portable device. The control signal indicates an amplifier selection
and a power supply selection as to be used for amplifying a data signal as discussed
below.

[0084] The memory 1404 comprises RAM, ROM, EEPROM or any other type of
memory device that operates to allow information to be stored and retrieved. The
memory 1404 is operable to store information such as amplifier selection parameters or
power supply selection parameters. The memory 1404 is also configured to store
programs or instructions executable by the processor 1402 to provide the functions
described herein.

[0085] The amplifier selection module 1408 comprises hardware and/or hardware
executing software that operates to allow selection of a particular amplifier stage. Tor
example, the amplifier selection module 1408 receives instructions from the processor
1402 and outputs one of the amplifier selection signals (S1-Sn) to enable a particular
amplifier stage and disable one or more other amplifier stages.

[0086] The amplifier power supply selection module 1406 comprises hardware
and/or hardware executing software that operates to allow selection of a particular
amplifier power supply. For example, the amplifier power supply selection module
1406 receives instructions from the processor 1402 and outputs one of the amplifier
power supply selection signals (Vg1-Vs,) to enable a particular amplifier stage to use a
particular power supply.

[0087] Thus, the amplifier selection circuit 1400 is operable to output selection
signals to select an amplification stage and a power supply to be used by the selected
amplifier stage to amplifier a data signal. It should be noted that modifications,

changes, or other implementations of the amplifier selection circuit 1400 are possible
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within the scope of the embodiments.

[0088] FIG. 15 shows an exemplary amplifier 1500 providing switchable
impedance transformer matching. The amplifier 1500 comprises a first amplifier 1502,
a second amplifier 1504, a matching network 1512, and an amplifier selection circuit
1506. For example, the first amplifier 1502 is part of a high power amplification path
and the second amplifier 1504 is part of a low power amplification path.

[0089] During operation, the amplifier selection circuit 1506 determines which of
the first 1502 and second 1504 amplifiers will be used to amplify a signal. For example,
the amplifier selection circuit 1506 outputs a first selection signal (S1) to enable the first
amplifier 1502, and outputs a second selection signal (S2) to enable the second
amplifier 1504.

[0090] Assuming the first amplifier 1502 is enabled, a differential signal (S+, S-) is
received at the gate terminals of transistors MN,j, and MNyy,, respectively. The
transistors MN41p and MNy 1, are coupled to coil L4, which in turn is coupled to a high
voltage power supply (HS). For example, in an exemplary implementation, the high
voltage power supply is set to 2.9 volts. A first portion of the coil 1.4 (LL4n) is coupled
between the transistor MNaj, and the HS, and a second portion of the coil L4 (L4p) is
coupled to between the transistor MNuj, and the HS. Thus, during operation, the
differential signal (S+, S-) energizes the two coil portions (L.4p and L4n).

[0091] The coil 14 is tightly coupled to the coil LL1. TFor example, the inductive
coupling between the coil L1 and L4 is set to provide an optimum impedance that
appears at the first amplifier 1502 output. As a result, the differential signal (S+, S-) is
amplified to a high output power and inductively coupled to the coil L1 in the amplifier
output path.

[0092] Assuming the second amplifier 1504 is enabled, the amplifier selection
circuit 1506 controls the selection signal (S1) to disable the amplifier 1502 and controls
the selection signal (S2) to enable the amplifier 1504. The amplifier selection circuit
1506 also outputs a voltage selection signal (Vg,) which operates to control the switch
circuit 1514 to couple one of the two voltages (LS1 or LS2) to the coil L5. For
example, if the voltage selection signal (V) is a logic “0”, LS1 is coupled to the coil
L5, and if the voltage selection signal (V) is a logic “17, LS2 is coupled to the coil L5.
If LS1 is coupled to the coil L5, the amplifier 1504 provides increased efficiency at the
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lowest power levels. If LS2 is coupled to the coil L5, the amplifier 1504 provides
increased efficiency at intermediate power levels.

[0093] The coil LS5 is tightly coupled to the coil LL1. TFor example, the inductive
coupling between the coil .1 and L5 is set to provide an optimum impedance that
appears at the second amplifier 1504 output. The differential signal (S+, S-) is
amplified to a low output power level and inductively coupled to the coil L1 in the
amplifier output path.

[0094] Thus, the amplifier 1500 provides amplification of the differential signal
(S+, S-) at two power ranges. For low power levels, the amplifier selection circuit 1506
enables the amplifier 1504 and for high power levels, the amplifier selection circuit
1506 enables the amplifier 1502. Each amplifier comprises a coil that is inductively
coupled to the coil L1 to provide an optimum impedance that appears at the amplifier
output. As a result, efficient signal amplification at multiple output power ranges is
achieved.

[0095] FIG. 16 shows an exemplary method 1600 for providing efficient
amplification of a data signal at a range of output powers. Tor example, the method
1600 can be implemented by the amplifier 1000 shown in FIG. 10. In various
implementations, the functions of the method 1600 can be performed by the processor
1402 executing instructions stored in the memory 1404.

[0096] At block 1602, an amplification mode is enabled. For example, in one
implementation, the processor receives the control (CTL) signal from a controller at a
device indicating that signal amplification for an output transmission is required. In
response to the CTL signal, the processor 1402 outputs the Txe, signal to enable the
output path that includes the inductor L.1.

[0097] At block 1604, a desired output power level is determined. In one
implementation, the processor 1302 determines the desired output power level from the
received CTL signal.

[0098] At block 1606, an amplifier stage and power supply is selected based on the
desired output power level to achieve the highest efficiency. For example, the processor
1302 controls the amplifier selection module 1308 to activate a particular selection
signal (Sx) and deactivate other selection signals so that a particular amplifier stage is
selected to perform amplification of the data signal to achieve the desired output power.

The processor 1302 also controls the amplifier power supply selection module 1306 to
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activate a particular power supply selection signal (Vsx) to select a particular power
supply for use with the selected amplifier stage to achieve the highest level of
efficiency. For example, if the selected amplifier stage is the ultra low power amplifier
stage 902 of the amplifier 900, the power supply selection signal Vg; is set to select
either the power supply UL1 or the power supply UL2 to couple to the coil L6 to
achieve the highest efficiency level.

[0099] At block 1608, signal amplification to achieve the desired output power
begins. For example, the data signal is presented to the selected amplifier stage, in
either differential or single-ended form. The selected amplifier stage amplifies the data
signal and couples the amplified signal to the inductor L1 in the output path. The
selection of the amplifier stage also selects the transformer impedance matching
characteristics associated with the coupling of the output coil associated with the
selected amplifier stage and the coil L1 in the output path. For example, the ultra low
power amplifier 902 comprises the output coil L6 that is coupled to the coil L1 so that
L1:L6=2:3.

[00100] Thus, the method 1600 operates to provide for efficient amplification of a
data signal at a range of output powers. It should be noted that the method 1600 is just
one implementation and that the operations of the method 1600 may be rearranged or
otherwise modified such that other implementations are possible.

[00101] FIG. 17 shows an exemplary amplification apparatus 1700 that operates to
provide switchable impedance matching to efficiently amplify a data signal at a range of
output power levels. The apparatus 1700 is suitable for use as the amplifier 200 shown
in FIG. 2 or the amplifier 900 shown in FIG. 9. In an aspect, the apparatus 1700 is
implemented by one or more modules configured to provide the functions as described
herein. For example, in an aspect, each module comprises hardware and/or hardware
executing software.

[00102] The amplification apparatus 1700 comprises a first module comprising
output inductive means (1702) for providing an output path of the amplifier, which in an
aspect comprises the inductor L1.

[00103] The apparatus 1700 also comprises a second module comprising first
amplification means (1704) for generating a signal amplified to a first power level, the
first amplification means comprising a first inductive means for coupling the signal to

the output inductive means, which in an aspect comprises the first amplifier stage 302.
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[00104] The apparatus 1700 also comprises a third module comprising second
amplification means (1706) for generating the signal amplified to a second power level,
the second amplification means comprising a second inductive means for coupling the
signal to the output inductive means, which in an aspect comprises the second amplifier
stage 304.

[00105] The apparatus 1700 also comprises a fourth module comprising switching
means (1708) for selectively enabling the first and second amplification means, which
in an aspect comprises amplifier selection circuit 308.

[00106] FIG. 18 shows an exemplary amplification apparatus 1800 that operates to
provide switchable concurrent impedance matching for signal reception and efficient
amplification of a data signal at a range of output power levels. The apparatus 1800 is
suitable for use as the amplifier 200 shown in FIG. 2 or the amplifier 900 shown in
FIG. 9. In an aspect, the apparatus 1800 is implemented by one or more modules
configured to provide the functions as described herein. For example, in an aspect, each
module comprises hardware and/or hardware executing software.

[00107] The amplification apparatus 1800 comprises a first module comprising an
output inductive means (1802) for providing impedance matching for transmit mode
and receive mode operations, which in an aspect comprises the inductor L1.

[00108] The apparatus 1800 also comprises a second module comprising first
amplification means (1804) for generating a signal amplified to a first power level, the
first amplification means comprising a first inductive means for coupling the signal to
the output inductive means, which in an aspect comprises the first amplifier stage 302.
[00109] The apparatus 1800 also comprises a third module comprising second
amplification means (1806) for generating the signal amplified to a second power level,
the second amplification means comprising a second inductive means for coupling the
signal to the output inductive means, which in an aspect comprises the second amplifier
stage 304.

[00110] The apparatus 1800 also comprises a fourth module comprising selection
means (1808) for selectively enabling the first and second amplification means to
couple the signal to the output inductive means during the transmit mode and enabling
the output inductive means to provide impedance matching with a receiver input during

the receive mode, which in an aspect comprises amplifier selection circuit 308.
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[00111] Those of skill in the art would understand that information and signals may
be represented or processed using any of a variety of different technologies and
techniques. For example, data, instructions, commands, information, signals, bits,
symbols, and chips that may be referenced throughout the above description may be
represented by voltages, currents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof. It is further noted that transistor
types and technologies may be substituted, rearranged or otherwise modified to achieve
the same results. For example, circuits shown utilizing PMOS transistors may be
modified to use NMOS transistors and vice versa. Thus, the amplifiers disclosed herein
may be realized using a variety of transistor types and technologies and are not limited
to those transistor types and technologies illustrated in the Drawings. For example,
transistors types such as BJT, GaAs, MOSFET or any other transistor technology may
be used.

[00112] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the exemplary embodiments of the invention.

[00113] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a Digital Signal Processor (DSP), an Application
Specific Integrated Circuit (ASIC), a Field Programmable Gate Array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state

machine. A processor may also be implemented as a combination of computing
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devices, e.g., a combination of a DSP and a microprocessor, a plurality of
MiCroprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

[00114] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in Random Access Memory (RAM), flash memory, Read Only Memory
(ROM), Electrically Programmable ROM (EPROM), Electrically Frasable
Programmable ROM (EEPROM), registers, hard disk, a removable disk, a CD-ROM, or
any other form of storage medium known in the art. An exemplary storage medium is
coupled to the processor such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be
integral to the processor. The processor and the storage medium may reside in an
ASIC. The ASIC may reside in a user terminal. In the alternative, the processor and the
storage medium may reside as discrete components in a user terminal.

[00115] In one or more exemplary embodiments, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media
includes both non-transitory computer storage media and communication media
including any medium that facilitates transfer of a computer program from one place to
another. A non-transitory storage media may be any available media that can be
accessed by a computer. By way of example, and not limitation, such computer-
readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other medium
that can be used to carry or store desired program code in the form of instructions or
data structures and that can be accessed by a computer. Also, any connection is
properly termed a computer-readable medium. FPor example, if the software is
transmitted from a website, server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as
infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,
DSL, or wireless technologies such as infrared, radio, and microwave are included in

the definition of medium. Disk and disc, as used herein, includes compact disc (CD),
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laser disc, optical disc, digital versatile disc (DVD), floppy disk and blu-ray disc where
disks usually reproduce data magnetically, while discs reproduce data optically with
lasers. Combinations of the above should also be included within the scope of
computer-readable media.

[00116] The description of the disclosed exemplary embodiments is provided to
enable any person skilled in the art to make or use the invention. Various modifications
to these exemplary embodiments will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the invention is not intended
to be limited to the exemplary embodiments shown herein but is to be accorded the

widest scope consistent with the principles and novel features disclosed herein.
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CLAIMS
WHAT IS CLAIMED IS:
1. An amplifier providing switchable impedance matching, comprising:

an output inductor (I.1) that is part of an output path of the amplifier;

a first amplifier stage 202 comprising a first inductor (L.4) coupled to the output
inductor, the first inductor configured to couple a signal amplified by the first amplifier
stage at a first power level to the output inductor in response to a first enable signal
(S1); and

a second amplifier stage 204 comprising a second inductor (L5) coupled to the
output inductor, the second inductor configured to couple the signal amplified by the
second amplifier stage at a second power level to the output inductor in response to a

second enable signal (S2).

2. The amplifier of claim 1, the amplifier comprising a power amplifier.

3. The amplifier of claim 1, the first and second enable signals are
configured to enable either the first amplifier stage or the second amplifier stage at any

particular time.

4. The amplifier of claim 1, the first power level is higher than the second

power level.

5. The amplifier of claim 1, the second amplifier stage operates at a higher

efficiency at the second power level than the first amplifier stage.

6. The amplifier of claim 1, the output inductor and the first inductor are

inductively coupled to provide optimum impedance at the first power level.

7. The amplifier of claim 1, the output inductor and the second inductor are

inductively coupled to provide optimum impedance at the second power level.
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8. The amplifier of claim 1, further comprising one or more additional
amplifier stages 904, each additional amplifier stage comprising an additional inductor
(L6) coupled to the output inductor, the additional inductor configured to couple a
signal amplified by the additional amplifier stage at an additional power level to the

output inductor in response to an additional enable signal.

0. An amplifier providing switchable impedance matching, comprising:

output inductive means for providing an output path of the amplifier;

first amplification means for generating a signal amplified to a first power level,
the first amplification means comprising a first inductive means for coupling the signal
to the output inductive means;

second amplification means for generating the signal amplified to a second
power level, the second amplification means comprising a second inductive means for
coupling the signal to the output inductive means; and

switching means for selectively enabling the first and second amplification

means.

10. The amplifier of claim 9, the amplifier comprising a power amplifier.

11. The amplifier of claim 9, the switching means for enabling either the first

amplification means or the second amplification means at any particular time.

12. The amplifier of claim 9, the first power level is higher than the second

power level.

13. The amplifier of claim 9, the second amplification means operates at a

higher efficiency at the second power level than the first amplification means.

14. The amplifier of claim 9, the output inductive means and the first
inductive means are inductively coupled to provide optimum impedance at the first

power level.
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15. The amplifier of claim 9, the output inductive means and the second
inductive means are inductively coupled to provide optimum impedance at the second

power level.

16. The amplifier of claim 1, further comprising one or more additional
amplification means for generating the signal amplified to one or more additional power
levels, respectively, the one or more additional amplification means comprising one or
more inductive means, respectively, for coupling the signal to the output inductive

means.

17. An amplifier apparatus providing switchable concurrent impedance
matching, comprising:

an output inductor (L.1) configured to provide impedance matching for transmit
mode and receive mode operations;

first amplification stage 202 for generating a signal amplified to a first power
level, the first amplification stage comprising a first inductor for coupling the signal to
the output inductor;

second amplification stage 204 for generating the signal amplified to a second
power level, the second amplification stage comprising a second inductor for coupling
the signal to the output inductor;

a selection circuit 308 for selectively enabling the first and second amplification
stages to couple the signal to the output inductor during the transmit mode and enabling
the output inductor to provide impedance matching with a receiver input during the
receive mode.

18. The amplifier apparatus of claim 17, the amplifier apparatus comprising

a power amplifier.

19. The amplifier apparatus of claim 17, the selection circuit operable during
the transmit mode to disable the output inductor from providing impedance matching
with the receiver input and to enable either the first amplification stage or the second

amplification stage to couple the signal to the output inductor.
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20. The amplifier apparatus of claim 17, the selection circuit operable during
the receive mode to enable the output inductor to provide impedance matching with the
receiver input and to disable both the first amplification stage and the second

amplification stage from coupling the signal to the output inductor.

21. The amplifier apparatus of claim 17, the first power level is higher than

the second power level.

22. The amplifier apparatus of claim 17, the second amplification stage
operates at a higher efficiency at the second power level than the first amplification

stage.

23. The amplifier apparatus of claim 17, the output inductor and the first
inductor are inductively coupled to provide optimum impedance at the first power level

during the transmit mode.

24. The amplifier apparatus of claim 17, the output inductor and the second
inductor are inductively coupled to provide optimum impedance at the second power

level during the transmit mode.

25. The amplifier apparatus of claim 17, further comprising one or more
additional amplification stages, each additional amplification stage comprising an
additional inductor coupled to the output inductor, the additional inductor configured to
couple a signal amplified by the additional amplification stage at an additional power
level to the output inductor in response to an additional enable signal provided by the

selection circuit during the transmit mode.

26. An amplifier apparatus providing switchable concurrent impedance
matching, comprising:
an output inductive means for providing impedance matching for transmit mode

and receive mode operations;
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first amplification means for generating a signal amplified to a first power level,
the first amplification means comprising a first inductive means for coupling the signal
to the output inductive means;

second amplification means for generating the signal amplified to a second
power level, the second amplification means comprising a second inductive means for
coupling the signal to the output inductive means;

a selection means for selectively enabling the first and second amplification
means to couple the signal to the output inductive means during the transmit mode and
enabling the output inductive means to provide impedance matching with a receiver

input during the receive mode.

27. The amplifier apparatus of claim 26, the amplifier apparatus comprising

a power amplifier.

28. The amplifier apparatus of claim 26, the selection means for disabling
the output inductive means from providing impedance matching with the receiver input
and enabling either the first amplification means or the second amplification means to

couple the signal to the output inductive means during the transmit mode.

20. The amplifier apparatus of claim 26, the selection circuit for enabling the
output inductive means to provide impedance matching with the receiver input and
disabling both the first amplification means and the second amplification means from

coupling the signal to the output inductive means during the receive mode.

30. The amplifier apparatus of claim 26, the first power level is higher than

the second power level.

31. The amplifier apparatus of claim 26, the second amplification means
operates at a higher efficiency at the second power level than the first amplification

means.
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32. The amplifier apparatus of claim 26, the selection means for inductively
coupling the output inductive means to the first inductive means to provide optimum

impedance at the first power level during the transmit mode.

33. The amplifier apparatus of claim 26, the selection means for inductively
coupling the output inductive means to the second inductive means to provide optimum

impedance at the second power level during the transmit mode.

34. The amplifier apparatus of claim 26, further comprising one or more
additional amplification means, each additional amplification means comprising an
additional inductive means coupled to the output inductive means, the additional
inductive means configured to couple a signal amplified by the additional amplification
means at an additional power level to the output inductive means in response to an

additional enable signal provided by the selection means during the transmit mode.
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