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INTEGRATED TRANSCEIVER WITH ENVELOPE 
TRACKING 

BACKGROUND OF THE INVENTION 

0001. In wireless communication applications, such as 
cellular phone services or other wireless services, amplifiers 
are used to provide the desired signal coverage for the 
particular wireless application. For example, radio fre 
quency (RF) power amplifiers are used for boosting the level 
of an RF signal prior to transmission of that signal. RF 
power amplification techniques, and particularly RF power 
amplification techniques used for wireless applications, have 
inherent drawbacks to which the industry continues to direct 
its efforts. Specifically, in developing an RF transmission 
system, considerable attention is given to amplifier effi 
ciency and signal distortion of the amplified signal. 

0002 Amplifier efficiency, which is generally defined as 
the level of RF power that may be achieved at the output 
signal compared to the power that is input into the overall 
amplification process, is conventionally somewhat low in 
wireless applications. Therefore, considerable attention 
within the power amplifier industry has been devoted to 
methods of enhancing power amplifier efficiency. Small 
increases in amplifier efficiency can provide significant 
benefits in a wireless system and reduce the overall costs 
necessary to run the system. 

0003) Another drawback in RF power amplification, 
which must be addressed and taken into account with any 
methods for improving efficiency, is signal distortion. An RF 
power amplifier, to a greater or lesser extent, exerts a 
distorting effect on the RF signals that are amplified. Non 
linearities of the amplifier, as well as other factors, contrib 
ute to the distortion. Such distortion must be controlled to 
ensure that the RF transmitter meets the various standards 
regarding RF interference. 

0004) To address amplifier efficiency, one current tech 
nique involves the use of envelope tracking of the input 
signal to the amplifier and use of the detected envelope to 
vary the amplifier operation. In an envelope tracking system, 
a variable power Supply is utilized for Supplying power to 
the amplifier. The envelope power levels of the input signal 
are monitored, and the power that is Supplied to the power 
amplifier, or typically to the final stage(s) of the power 
amplifier, is varied based on the monitored envelope levels. 
More specifically, the power that is supplied to the amplifier 
is varied so as to be just sufficient to reproduce the power 
level required by the amplifier at a given instant of time. 
Therefore, at low envelope power levels, a low supply 
voltage is provided to the amplifier, and the full supply 
Voltage is provided to the amplifier only when the maximum 
power is required, that is, at the envelope peaks. 

0005. However, while envelope-tracking techniques 
improve efficiency, it is desirable to improve upon envelope 
tracking features. Particularly, it is desirable to improve 
upon and efficiently incorporate an envelope tracking power 
supply into a transceiver. Furthermore, it is desirable to 
improve upon the efficiency and linearity of an RF power 
amplifier, in a transceiver system. Still further, it is desirable 
to utilize the digital signal processing capabilities of a 
transceiver for implementing envelope tracking capabilities. 
It is further desirable to implement such features of envelope 
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tracking while addressing imperfections or non-linearities in 
the tracking behavior of the power Supply, 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 The accompanying drawings, which are incorpo 
rated in and constitute a part of this specification, illustrate 
embodiments of the invention and, together with a general 
description of the invention given below, serve to explain the 
principles of the invention. 
0007 FIG. 1 illustrates an embodiment of the present 
invention or an envelope-tracking power amplifier in a 
transceiver. 

0008 FIG. 1A illustrates an alternative embodiment of 
the present invention. 
0009 FIG. 1B illustrates another alternative embodiment 
of the present invention. 
0010 FIG. 2 illustrates an alternative embodiment of the 
circuit of FIG. 1 utilizing predistortion of an envelope 
signal. 

0011 FIG. 2A illustrates another alternative embodiment 
of the circuit of FIG. 1 utilizing predistortion of an envelope 
signal. 

DETAILED DESCRIPTION 

0012. The present invention addresses the above-noted 
drawbacks in the prior art, and specifically addresses the 
utilization of an envelope tracking power Supply in a trans 
ceiver. Specifically, the present invention utilizes digital 
signal processing within a transceiver to perform envelope 
extraction and provide appropriate Delay matching of the 
envelope and main signal paths. In another embodiment, 
predistortion of the envelope signal is utilized to address 
non-linearities in the envelope tracking power Supply. 
0013 FIG. 1 illustrates one embodiment of the present 
invention utilized to improve the performance, efficiency 
and cost-effectiveness of a transceiver system. For example, 
referring to FIG. 1, the overall transceiver system, or 
transceiver 5, includes an amplification device or amplifier 
10, such as an RF power amplifier that produces an RF 
output signal 14 in response to an input signal 12. The input 
signal 12 is a digital signal that is processed by the DSP 50. 
converted to analog and then appropriately upconverted to 
RF prior to amplification by amplifier 10. The power ampli 
fier 10 may be a single stage or multiple stage amplifier of 
a suitable variety for RF power amplification. In the trans 
ceiver 5 illustrated in FIG. 1, generally the input signal 12 
is directed along several different paths for realizing the 
various aspects of the invention. For the purposes of dis 
cussion herein, only the transmit side of the transceiver 5 is 
illustrated. However, a person of ordinary skill in the art will 
realize that a receiver path is also generally part of a 
transceiver. 

0014. The input signal 12 is directed along a main signal 
path (MSP) 16 to be amplified by amplifier 10. The input 
signal 12 is also coupled to an envelope-tracking path 18 and 
is coupled to a signal processing path 20 in FIG. 1. Along 
the MSP 16, input signal 12 proceeds to the input of 
amplifier 10, where it is amplified and produced as an output 
signal 14. In the MSP, the input signal may be further 
processed for improving the operation of the RF power 



US 2006/0199553 A1 

amplifier. For example, as shown in FIG. 1, a signal in the 
MSP 16 may be predistorted, either digitally or in an analog 
fashion, to address non-linearities in the power amplifier 10, 
according to known predistortion principles. Of course, 
other linearization techniques might also be utilized along 
the MSP to address non-linearities in the amplifier 10. For 
the purposes of illustrating one embodiment of the present 
invention, the predistortion of the input signal along the 
MSP 16 is disclosed in the Figures as digital predistortion 
and various digital predistortion techniques may be used. 
However, it would be understood by a person of ordinary 
skill in the art, that various other linearization techniques, 
digital or analog, might be utilized along the MSP 16 for 
addressing amplifier non-linearities and distortion and for 
enhancing the performance of power amplifier 10. The 
present invention is thus not limited to the linearity tech 
niques or predistortion techniques of the MSP that are 
illustrated or specifically discussed. 
0.015 Referring again to FIG. 1, the input signal or 
signals 12 are shown in a digital form as quadrature I/O 
signals, which, along the MSP 16, are directed to a predis 
tortion circuit incorporated in the DSP 50 that includes 
predistorter 22 and algorithm/update circuitry 28. The pre 
distorter 22 predistorts the input signal 12, whereupon the 
predistorted input signal is converted to an analog signal by 
a D/A converter 24 and upconverted from baseband to RF by 
upconversion circuitry 26. The RF signal is then amplified 
by the RF power amplifier 10 to produce analog RF output 
signal 14. 
0016 A digital predistorter 22, which may be a lookup 
table (LUT) circuit, for example, will generally include 
additional digital signal processing (DSP) circuitry 28, 
which includes signal processing circuitry for implementing 
the digital predistortion algorithm, and any updating or 
adaptation of the predistortion circuit. For example, if look 
up table (LUT) predistortion is used, the LUTs of predis 
torter 22 may need to be adaptively populated and updated, 
which may be handled by the DSP 28. Furthermore, any 
correction or updates to the predistortion is handled by the 
DSP 28. 

0017 Generally, according to known LUT predistortion 
principles, the I/O input signals 12 are directed via path 20 
to the DSP 28 and are utilized to drive the predistortion 
process. For example, the DSP 28, via path 32, may utilize 
the values of the I/O input signals to index and look up 
corresponding predistortion I/O values in the respective 
LUTs. DSP 28 can also be utilized to adaptively update the 
values of the LUTs in predistorter 22, or to provide addi 
tional correction algorithms through the predistorter 22 
according to known digital predistortion techniques. 

0018 Referring to FIG. 1, a coupler 40 might be utilized 
to couple a portion of the analog output signal 14 to DSP 28 
as a feedback signal along feedback path 42, which includes 
appropriate downconversion circuitry 44 and A/D conver 
sion circuitry 46. DSP 28 utilizes the output feedback signal 
on path 42 to adapt the predistorter 22 based upon the 
knowledge of the performance of the predistortion that is 
provided by that feedback signal 42. Generally, digital 
predistortion circuits 22 and the supporting DSP 28 will all 
be incorporated together within a larger overall DSP circuit 
or block indicated by reference numeral 50 in FIG. 1. 
However, separate blocks or circuits might also be utilized. 
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Accordingly, the present invention is not limited to specific 
layouts or positions of the DSP blocks, which handle the 
predistortion and/or the adaptation of the predistortion, as 
well as the timing alignment of the various signals of the 
transceiver. Furthermore, as discussed further below, a delay 
element 86 (Delay 3) is incorporated into feedback path 42 
for correlating the predistortion updating and predistortion 
algorithm with the input signal 12. 
0019. In the present invention, an envelope-tracking 
power supply 60 is utilized and is coupled to power amplifier 
10 for supplying power to the amplifier via path 62. As noted 
above, in an envelope-tracking power Supply, the power 
Supply 60 is operable for tracking the input signal envelope, 
derived from path 18 in order to vary the level of power 
supplied to the amplifier 10 in response to variation of the 
input signal envelope. More specifically, the power Supplied 
to amplifier 10 via power supply 60 is varied so as to be 
sufficient to reproduce, at the amplifier output 14, the power 
level required at a given instant. Therefore, at low envelope 
power levels, a low Supply voltage is provided to amplifier 
10. A full supply voltage is only provided when maximum 
envelope power is required, such as at the envelope peaks of 
the input signal. 
0020 Referring again to FIG. 1, the present invention 
utilizes envelope tracking to improve the operation of the 
transceiver and specifically to improve the operation and 
efficiency of amplifier 10. The invention incorporates digital 
envelope detection from a digital envelope detector 70. 
Digital envelope detector 70 may be a stand-alone function 
in the DSP 50, or it may be incorporated into other digital 
signal processing features of the DSP of transceiver 5. 
0021. The present invention exploits the superior capa 

bilities of the digital signal processing within a transceiver 
to perform the envelope extraction and modulation functions 
for the envelope tracking power supply 60. Furthermore, the 
invention utilizes the digital signal processing functions of 
the transceiver to achieve Suitable envelope tracking advan 
tages by providing the appropriate timing and delay match 
ing of the envelope tracking and main signal paths. 
0022. More specifically, in one embodiment, the trans 
ceiver 5 utilizes digital signal processing block 50 to achieve 
peak-to-average signal reduction, such as crest factor reduc 
tion (CFR) 72. The CFR 72 uses envelope detection. The 
transceiver 5 utilizes the digital envelope detection function 
70 of the CFR function 72 for the purposes of incorporating 
an envelope-tracking PSU 60. In that way, the digital enve 
lope detection functionality 70 of the transceiver may be 
incorporated for various different purposes, including enve 
lope tracking, providing an overall efficiency improvement 
and lower cost in the design of the DSP block 50 of the 
transceiver, while providing the power efficiency of enve 
lope tracking. 
0023 The input signal 12 is coupled from the MSP 16 
onto path 18 where it is directed to digital envelope detector 
70, which is shown as part of the CFR function. Because the 
input signal envelope is utilized for the purposes of an 
envelope-tracking power Supply, the digital signal process 
ing (DSP) block 50 utilizes digital envelope detector 70 to 
extract magnitude information of the input signal with 
respect to envelope detection. For example, one type of 
envelope detector is noted by the relationship: 
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Utilizing the detected envelope, the DSP block 50 provides 
an envelope signal 74 to PSU 60. The PSU 60 then uses the 
envelope signal 74 to drive the PSU 60 and thereby output 
a signal on path 62 that meets the power requirements of 
power amplifier 10. 
0024. In accordance with another aspect of the present 
invention, DSP block 50 of transceiver 5 provides precise 
timing control of the signals in the system by accurately 
matching the delays between the envelope tracking 18 and 
main signal paths 16 to ensure that the envelope-varying 
Supply Voltage 62 has the correct timing alignment with the 
input signal to the amplifier 10. The present invention thus 
provides an efficient, cost-effective DSP implementation of 
timing control in a transceiver utilizing an envelope-tracking 
amplifier. 
0025. In the prior art, such timing alignment for the 
purposes of an envelope tracking PSU 60 would otherwise 
require significant lengths of co-axial cable or expensive 
delay filters in order to achieve the required alignment. The 
present invention eliminates such bulky and expensive com 
ponents and provides a transceiver that incorporates enve 
lope tracking capabilities and timing alignment features all 
in the same DSP block 50. 

0026 Referring to FIG. 1, the DSP block 50 incorporates 
a number of delays within the main signal path 16, the 
envelope-tracking path 18 and the processing paths 20 and 
42. The DSP block 50 ensures that PSU 60 provides appro 
priate power to the amplifier 10 to coincide with peaks in the 
envelope of the input signal 12. Furthermore, the DSP 
provides proper alignment in the digital predistortion algo 
rithm of block 28 to ensure that the proper correction is 
provided via predistortion from predistorter 22 for a corre 
lated input signal 12. 
0027 More specifically, in the envelope detection path 
18, DSP block 50 incorporates a delay element 80 referred 
to as Delay 1. Digital-to-analog converter 82 is also utilized 
to convert the digitally detected envelope signal from Delay 
1 into an appropriate analog signal for use by PSU 60. 
Another delay element 84, also referred to herein as Delay 
2, is provided in the main signal path 16. Delay 1 and Delay 
2 are utilized to provide correlation between the peaks of the 
input signal 12 and the power signal 62 provided to amplifier 
10 by PSU 60. This provides sufficient power to the ampli 
fier 10 to handle input signal peaks. While the embodiment 
illustrated in FIG. 1 shows two delay elements (Delay 1, 
Delay 2), it may be suitable to utilize only one delay 
element. For example, the inherent delay in the envelope 
tracking path 18 may be significant due to the operation of 
the power Supply and, thus, it may be suitable to eliminate 
Delay 1 and only utilize Delay 2. Alternatively, Delay 2 
might be eliminated and only Delay one utilized. In one 
aspect of the invention, Delay 1 may provide fine-tuning of 
timing, whereas Delay 2 may provide a coarser delay 
control, or vice versa. 
0028. In another aspect of the present invention, a Delay 
element 86 is incorporated into a feedback path indicated by 
reference numeral 42. Delay component 86 is also referred 
to as Delay 3. A Delay element 88, also referred to as Delay 
4, is incorporated into the processing path 20, which pro 
vides a portion of the input signal to DSP block 28 for 
driving the digital predistortion provided by predistorter 22. 
0029. In accordance with one aspect of the invention, 
DSP 50 provides digital implementation of Delay 3 and 
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Delay 4 to provide correlation between the input signal 12 
and the resulting amplified output signal 14 as they are 
provided as inputs to DSP block 28. This ensures that the 
predistorter 22 addresses the distortion in the output signal 
14 that may be provided by the characteristics of amplifier 
10. DSP block 50 of the transceiver 5 provides Delay 
elements 14 in FIG. 1 and provides adjustability of those 
elements for the purposes of implementing the precise 
timing control of the invention to ensure the proper opera 
tion of the envelope-tracking functions of the transceiver. 
0030 Specifically, in order to realize the delays provided 
by DSP block 50 in accordance with the principles of the 
present invention, calibration is utilized for the delays. First, 
in addressing the timing alignment in MSP16 and envelope 
tracking path 18, Delay 2 is set in DSP 50. The amount of 
Delay 2 may be configured to be somewhat significant due 
to inherent signal delay provided within PSU 60. In one 
embodiment of the invention, the large Delay 2 might be 
determined empirically, Such as on a lab bench, and then the 
initial delay preloaded into DSP50. Delay 2 is preferably set 
to be slightly larger than the delay of the signal in the 
envelope tracking path 18, which includes Delay 1 (which 
can be fine adjusted to equalize the delays in the two 
paths), D/A converter 82, and PSU 60. Next, after Delay 2 
is initialized, Delay 3 and Delay 4 are set by DSP 50 to 
provide correlation at DSP block 28 for the predistorter 22. 
0031 Specifically, the envelope tracking features of DSP 
50 and the transceiver 5 are disabled so that full power is 
provided to amplifier 10 through signal 62. Delay 4 may also 
be a significant delay. While DSP 50 may incorporate 
variable delays in both Delay 3 and Delay 4, in one 
embodiment, Delay 4 might be preset or initialized to take 
into account the delays of the main signal path 16 and 
feedback path 42, and then Delay 3 might be incrementally 
adjusted by DSP50 to achieve timing alignment between the 
input signal in path 20 to the predistorter DSP block 28 and 
the feedback of the amplified output 14, which is coupled off 
and fed back on path 42. The delay of element Delay 4 
would generally be equal to the delay associated with 
predistorter 22, Delay 2, D/A converter 24, upconverter 26, 
amplifier 10, coupler 40, downconverter 44, A/D converter 
46, and Delay 3. For the purposes of calibrating Delay 
3/Delay 4, the predistorter 22 does not need to be providing 
predistortion, whilst PSU 60 must not be tracking and must 
provide a high level or maximum level signal to the power 
amplifier 10. With a non-tracking power Supply and an 
appropriate input signal 12, the DSP block 50 adjusts Delay 
3 to provide correlation of the feedback signal 42 with the 
input signal 12 at the predistorter DSP block 28. Specifically, 
the input signal is amplified by amplifier 10, coupled, and 
then fed back in path 42 to DSP block 28. A portion of the 
input signal 12 is also coupled off on path 20 as an input to 
the DSP block 28. Delay 3 is adjusted by DSP50 to provide 
timing alignment between the input signal and the resulting 
feedback of the amplified output. While Delay 3 is discussed 
herein as being the adjusted component with Delay 4 
generally fixed by DSP 50, it may be that both Delay 3 and 
Delay 4 are adjusted by DSP 50 for the purpose of the timing 
alignment. Or, Delay 3 might be fixed and Delay 4 adjusted 
(or Delay 3 might be omitted and Delay 4 adjusted). 
0032. In the adjustment of Delay 3 and/or Delay 4, coarse 
delay adjustment may be provided by DSP 50 utilizing 
whole clock cycles, such as by the delays provided by shift 
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registers or FIFO stacks, for example. Alternatively, DSP 50 
might provide a fine delay adjustment incorporating frac 
tions of clock cycles, such as with a variable delay filter. In 
one embodiment, a coarse delay adjustment might be pro 
vided by Delay 4 and a fine adjustment by Delay 3. In an 
alternative embodiment, coarse delay adjustment might be 
provided by Delay 3 with fine delay adjustment provided by 
Delay 4. In still another embodiment, only one delay ele 
ment, Delay 3 or Delay 4, might be used and may provide 
both coarse and fine adjustment. 
0033) Once Delay 3 has been set in the above example, 
the system then runs providing predistortion and updates of 
DSP block 28 until a steady state condition is reached in the 
DSP 50 and the predistortion function. 
0034. After steady state is reached, Delay 1 and/or Delay 
2 might be calibrated and adjusted utilizing DSP 50, but 
without a predistortion function. Specifically, for the pur 
poses of calibrating Delay 1 and/or Delay 2, the predistor 
tion function is fixed. For example, the LUTs might be fixed 
so that they are not updated from their condition as deter 
mined in the full power Supply steady state condition after 
calibration of Delay 3 and Delay 4. Simultaneously with 
setting the predistortion function, the tracking functionality 
of envelope tracking PSU 60 is enabled. PSU 60 is then 
responsive to the detected envelope signal 74 for varying the 
power delivered to amplifier 10. That is, the power supply 60 
tracks the input signal envelope. The DSP 50 then uses 
adjustments to Delay 1 and/or Delay 2 to align the input 
signal to amplifier 10 with the power supply signal 62. 
0035) When the signal 62 from PSU 60 to amplifier 10 
does not track properly to provide maximum power corre 
sponding with various peaks of the input signal 12 along the 
main signal path 16, distortion results in amplifier 10. The 
DSP block 50 tracks the distortion at amplifier 10, such as 
along path 42. Since the predistortion is fixed and is not 
updated, the distortion in the output on path 42 is the result 
of misalignment between the envelope tracking signal 62 
and the signal along the MSP 16. The DSP block 50 tracks 
a minimum in the distortion of output signal 14 and adjusts 
Delay 1 and/or Delay 2. In one embodiment, Delay 2 may 
provide coarse delay adjustments or may be fixed and Delay 
1 may provide a fine delay adjustment between the output 
signal and the power signal 62 to amplifier 10 from PSU 60. 
In an alternative embodiment, Delay 1 may provide coarse 
adjustment or be fixed, while Delay 2 provides fine adjust 
ment for the purposes of alignment. One of the delays might 
provide a coarse adjustment, including entire clock cycles 
(e.g., shift register, FIFO stack) or might utilize a fine delay 
adjustment such as provided by a variable delay filter to 
achieve delays that are fractions of a clock cycle. In another 
embodiment of the invention, one of Delay 1 or Delay 2 
might be eliminated entirely, wherein the other element 
would handle both coarse and fine adjustment for the 
purposes of timing alignment of the input signal to amplifier 
10 and the power supply signal 62 to amplifier 10. 
0036) Once Delay 1 and/or Delay 2 has been adjusted to 
provide the desired alignment, the transceiver 5 runs in an 
appropriate fashion with the predistorter being regularly 
updated pursuant to feedback on path 42. Delay 1 might be 
periodically adjusted. 

0037 FIG. 1A illustrates another embodiment of the 
invention wherein the Delay 1 component has been removed 
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and the Delay 2 component alone is utilized to align the 
signals in the envelope detection path 18 and the main signal 
path 16 at the amplifier 10. FIG. 1B illustrates an embodi 
ment of the invention wherein the Delay 2 component has 
been removed to provide alignment adjustment primarily 
through Delay 1. 

0038 FIG. 2 illustrates another embodiment of the 
invention wherein the DSP 50 incorporates a predistortion 
function or circuit 90 to predistort the envelope signal. The 
predistortion circuit 70 may provide any number of various 
suitable predistortion techniques to predistort the envelope 
signals 18 including, for example, an LUT predistorter. 
Similar to LUTs utilized for signal predistortion on the MSP. 
predistortion circuit 90 may be supported by DSP 92, 
utilized to execute the predistortion algorithm for the enve 
lope predistortion and also to populate and/or update the 
LUTs of circuit 90 and to provide overall adaptation of the 
predistortion circuit 90 and its operation based upon the 
achieved output of power amplifier 10. To that end, the input 
signals 12 on path 91 are utilized by DSP 92 to implement 
the predistortion algorithm, such as to index and select LUT 
values in the example of an LUT predistorter. Similarly, the 
amplifier output 14 that is fed back on path 42 and path 93 
is also utilized by DSP 92 for updating, correcting, and 
adapting predistorter circuit 90. DSP circuit 92, which 
operates in conjunction with the predistortion circuit 90, 
may also implement an envelope detector (not shown) in the 
respective input line 91 for the purpose of utilizing the 
detected envelope to drive the predistortion generation pro 
cess. For the envelope predistortion, the detected envelope 
associated with line 18 is utilized to drive the predistortion 
process of circuit 90. If an LUT predistortion is utilized, a 
stream of digital samples of the envelope is fed to DSP 92 
that operates on the envelope signals (e.g. env=VI*-Q) and 
provides desired driving signals for the predistorter 90. 
Signals 91 and 93 input to the DSP 92 are converted to their 
respective envelopes before processing by DSP 92. 
0039 The corrected or predistorted envelope signal on 
line 74 is then converted by D/A converter 82 to an appro 
priate analog signal for utilization by the envelope-tracking 
PSU 60. Specifically, the predistorted envelope signal feeds 
the envelope modulation input of the envelope-tracking 
power Supply 60 to thus ensure that the output voltage on 
line 62 provides adequate tracking of the input signal 
envelope on line 18. A delay element 95 or Delay 5 in path 
91 is used to equalize the delays to DSP 92 in the embodi 
ment of FIG. 2. In another embodiment as illustrated in 
FIG. 2A, the inputs to the DSP 92 are the same as those to 
DSP 28 as shown. In such an embodiment, the DSP 92 
performs the appropriate envelope detection on the signals 
of paths 20 and 42 prior to further processing by the DSP 92. 
0040. In one aspect of the invention, the predistortion 
circuit 90 is configured and operable for predistorting the 
input signal envelope to address the input signal tracking 
capabilities of the power supply. The predistortion addresses 
the operational parameters of power Supply 60. Such as the 
non-linearities in the transfer function of the power Supply 
and addresses other imperfections in the tracking behavior 
of power supply 60, such as slew rate limitations, for 
example. 
0041. The predistortion circuit 90 may be configured to 
provide any desired predistortion of envelope signal 18 in 
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order to offset the effects of the power supply 60. In one 
aspect of the invention, the predistortion will be a variation 
from ordinary MSP predistortion. For example, in MSP 
predistortion, even order components are usually set to Zero 
to correct the intermodulation distortion (IMD) created by 
the odd order components in the amplifier transfer charac 
teristic. For the envelope predistorter, however, even order 
components are also utilized and considered. For example, 
using an LUT predistorter for the envelope predistortion, 
both odd and even order components are generated. The 
same holds true if polynomial predistortion of the envelope 
is used. 

0042. In accordance with another aspect of the present 
invention, the predistortion circuitry 90 is operable for 
predistorting the input signal envelope to cause over-com 
pensation in the level of power that is supplied to the 
amplifier 10 to ensure proper efficient and linear amplifica 
tion. That is, the predistortion algorithm provided through 
DSP 92 and predistortion circuit 90 might be configured to 
create a small margin above the required minimum envelope 
level at any given instant in time to ensure that the envelope 
tracking process provides Sufficient power to amplifier 10 So 
as not to degrade the intermodulation distortion (IMD) 
performance of the amplifier. In that way, the amplifier 10 is 
able to handle significant envelope peaks. The present 
invention thus operates on the realization that the power 
supply output 62 does not need to precisely follow the input 
envelope in order to achieve the desired results of the 
invention. Rather, the output of supply 60 merely needs to 
“at least follow the envelope or be slightly above the 
envelope. While the built-in over-compensation provided by 
the predistortion circuit 90 may result in a very small and 
almost negligible loss in efficiency of the overall transmitter 
5, it will ensure that adequate IMD performance is guaran 
teed without significantly adding to the overall system 
complexity. The IMD performance of the transmitter 5 is 
also addressed by the conventional predistortion circuitry in 
the MSP 16, separate and apart from the envelope predis 
tortion provided by the invention. 

0043. In an alternative embodiment of the invention, the 
overcompensation provided by the predistortion circuit 90 
might be related to the level of the input signal envelope. In 
Such a case, the predistortion might be tailored according to 
the envelope level. For example, for low envelope levels, the 
predistortion circuit 90 might be operable to predistort the 
envelope so that the predistorted envelope 74 closely tracks 
the input signal envelope 18. However, for high envelope 
levels, the predistortion of the envelope by circuit 90 pro 
vides overcompensation in the envelope so the amplifier can 
address the higher input signal levels. In still another alter 
native, the predistorter circuit might be configured to only 
predistort the envelope at higher levels above a certain 
threshold level. 

0044) Further discussion and embodiments for providing 
envelope tracking signal predistortion are set forth in U.S. 
patent application Ser. No. 11/016,508, entitled “A Trans 
mitter with an Envelope Tracking Power Amplifier Utilizing 
Digital Predistortion of the Signal Envelope,” and filed on 
Dec. 17, 2004, which application is incorporated herein by 
reference in its entirety 

0045 While the present invention has been illustrated by 
a description of various embodiments and while these 

Sep. 7, 2006 

embodiments have been described in considerable detail, it 
is not the intention of the applicant to restrict or in any way 
limit the scope of the appended claims to such detail. 
Additional advantages and modifications will readily appear 
to those skilled in the art. The invention in its broader 
aspects is therefore not limited to the specific details, rep 
resentative apparatus and method, and illustrative examples 
shown and described. Accordingly, departures may be made 
from Such details without departing from the spirit or scope 
of applicant's general inventive concept. 
What is claimed: 

1. A transceiver comprising: 
an amplifying circuit for amplifying an input signal to 

produce an output signal; 
a power supply operable for varying the level of power 

Supplied to the amplifying circuit in response to varia 
tion of an input signal envelope directed to the power 
Supply; 

a processing circuit operable for digitally detecting the 
input signal envelope to provide variation of the power 
Supply level; 

the processing circuit further operable for digitally delay 
ing the digital input signal envelope to time align the 
power Supply level with the input signal. 

2. The transceiver of claim 1 wherein the processing 
circuit is further operable for digitally delaying the input 
signal for further time alignment of the power supply level 
and input signal. 

3. The transceiver of claim 1 wherein the processing 
circuit provides crest factor reduction that digitally detects 
the input signal envelope, the processing circuit being fur 
ther operable for using the digitally detected envelope for 
varying the power Supply level. 

4. The transceiver of claim 1 wherein the processing 
circuit includes a predistortion circuit for predistorting the 
input signal, the predistortion circuit including an input 
signal path and a feedback signal path, and the processing 
circuit operable for digitally delaying a signal in at least one 
of the input and feedback signal paths. 

5. The transceiver of claim 4 wherein the predistortion 
circuit is a digital predistortion circuit. 

6. The transceiver of claim 4 wherein the predistortion 
circuit is adaptable, and the processing circuit includes 
circuitry for adapting the predistortion circuit based on a 
signal in at least one of the input and feedback signal paths. 

7. The transceiver of claim 1 further comprising an 
envelope predistortion circuit operable for predistorting the 
input signal envelope before it is directed to the power 
Supply for addressing envelope tracking capabilities of the 
power Supply. 

8. The transceiver of claim 7 wherein the processing 
circuit is further operable for digitally delaying the predis 
torted input signal envelope to time align the power Supply 
level with the input signal. 

9. A transceiver comprising: 
an amplifying circuit for amplifying an input signal to 

produce an output signal; 
a power supply operable for varying the level of power 

Supplied to the amplifying circuit in response to varia 
tion of an input signal envelope directed to the power 
Supply; 
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an envelope detection circuit operable for detecting the 
input signal envelope and directing the detected input 
signal envelope to the power Supply: 

a processing circuit operable for digitally delaying at least 
one of the input signal envelope and input signal 
respectively to time align the power supply level with 
the input signal. 

10. The transceiver of claim 9 wherein the envelope 
detection circuit is further operable for digitally detecting 
the input signal envelope to provide variation of the power 
Supply level. 

11. The transceiver of claim 9 wherein the processing 
circuit includes a predistortion circuit for predistorting the 
input signal, the predistortion circuit including an input 
signal path and a feedback signal path, and the processing 
circuit operable for digitally delaying a signal in at least one 
of the input and feedback signal paths. 

12. The transceiver of claim 9 wherein the predistortion 
circuit is a digital predistortion circuit. 

13. The transceiver of claim 11 wherein the predistortion 
circuit is adaptable, and the processing circuit includes 
circuitry for adapting the predistortion circuit based on a 
signal in at least one of the input and feedback signal paths. 

14. The transceiver of claim 9 further comprising an 
envelope predistortion circuit operable for predistorting the 
input signal envelope before it is directed to the power 
Supply for addressing envelope tracking capabilities of the 
power Supply. 

15. The transceiver of claim 14 wherein the processing 
circuit is further operable for digitally delaying predistorted 
input signal envelope to time align the power Supply level 
with the input signal. 

16. A transceiver comprising: 
an amplifying circuit for amplifying an input signal to 

produce an output signal; 

a power supply operable for varying the level of power 
Supplied to the amplifying circuit in response to varia 
tion of an input signal envelope directed to the power 
Supply; 

a processing circuit operable for digitally detecting the 
input signal envelope to provide variation of the power 
Supply level; 

the processing circuit including an envelope predistortion 
circuit operable for receiving and predistorting the 
input signal envelope before it is directed to the power 
Supply. 

17. The transceiver of claim 16 wherein the processing 
circuit is further operable for digitally delaying the digital 
input signal envelope to time align the power Supply level 
with the input signal. 

18. The transceiver of claim 16 wherein the envelope 
predistortion circuit includes an input signal path and a 
feedback signal path, the processing circuit operable for 
digitally delaying a signal in at least one of the input and 
feedback signal paths. 

19. The transceiver of claim 16 wherein the envelope 
predistortion circuit is adaptable, the processing circuit 
further including circuitry for adapting the envelope predis 
tortion circuit based on a signal in at least one of an input 
signal path and a feedback signal path. 
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20. The transceiver of claim 19 wherein the processing 
circuit is operable for digitally delaying a signal in at least 
one of the input and feedback signal paths. 

21. The transceiver of claim 16 wherein the processing 
circuit includes a predistortion circuit for predistorting the 
input signal, the predistortion circuit including an input 
signal path and a feedback signal path, the processing circuit 
operable for digitally delaying a signal in at least one of the 
input and feedback signal paths. 

22. The transceiver of claim 21 wherein the envelope 
predistortion circuit is adaptable, the processing circuit 
including circuitry for adapting the predistortion circuit 
based on a signal in at least one of the input and feedback 
signal paths. 

23. A method of amplifying a signal comprising: 
amplifying an input signal with an amplifier to produce an 

output signal; 
digitally detecting an envelope of the input signal and 

varying the level of power supplied to the amplifier by 
the power Supply in response to variation of the input 
signal envelope; 

digitally delaying the digital input signal envelope to time 
align the power Supply level with the input signal. 

24. The method of claim 23 further comprising digitally 
delaying the input signal for further time alignment of the 
power Supply level and input signal. 

25. The method of claim 23 further comprising predis 
torting the input signal with a predistortion circuit including 
an input signal path and a feedback signal path and digitally 
delaying a signal in at least one of the input and feedback 
signal paths. 

26. The method of claim 25 further comprising adapting 
the predistortion circuit based on a signal in at least one of 
the input and feedback paths. 

27. The method of claim 23 further comprising predis 
torting the input signal envelope before it is directed to the 
power Supply. 

28. A method of amplifying a signal comprising: 
amplifying an input signal with an amplifier to produce an 

output signal; 
detecting an envelope of the input signal and varying the 

level of power supplied to the amplifier by the power 
Supply in response to variation of the input signal 
envelope; 

digitally delaying at least one of the input signal envelope 
and input signal respectively to time align the power 
Supply level with the input signal. 

29. The method of claim 28 further comprising digitally 
detecting the input signal envelope to provide variation of 
the power supply level. 

30. The method of claim 28 further comprising predis 
torting the input signal with a predistortion circuit including 
an input signal path and a feedback signal path and digitally 
delaying a signal in at least one of the input and feedback 
signal paths. 

31. The method of claim 28 further comprising adapting 
the predistortion circuit based on a signal in at least one of 
the input and feedback paths. 

32. The method of claim 28 further comprising predis 
torting the input signal envelope before it is directed to the 
power Supply. 
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33. The method of claim 23 further comprising digitally 
delaying the predistorted input signal envelope to time align 
the power Supply level with the input signal. 

34. A method of amplifying a signal comprising: 
amplifying an input signal with an amplifier to produce an 

output signal; 
digitally detecting an envelope of the input signal and 

varying the level of power supplied to the amplifier by 
the power Supply in response to variation of the input 
signal envelope; 

predistorting the input signal envelope with an envelope 
predistortion circuit before it is directed to the power 
Supply. 

35. The method of claim 34 further comprising digitally 
delaying the digital input signal envelope to time align the 
power Supply level with the input signal. 

36. The method of claim 34 wherein the envelope pre 
distortion circuit includes an input signal path and a feed 
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back signal path, and further comprising digitally delaying 
a signal in at least one of the input and feedback signal paths. 

37. The method of claim 34 further comprising adapting 
the envelope predistortion circuit based on a signal in at least 
one of an input signal path and a feedback signal path. 

38. The method of claim 37 wherein the processing circuit 
is operable for digitally delaying a signal in at least one of 
the input and feedback signal paths. 

39. The method of claim 34 further comprising predis 
torting the input signal with a predistortion circuit including 
an input signal path and a feedback signal path and digitally 
delaying a signal in at least one of the input and feedback 
signal paths. 

40. The method of claim 39 further comprising adapting 
the predistortion circuit based on a signal in at least one of 
the input and feedback signal paths. 


