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DIGITAL HYBRID MODE POWER 
AMPLIFIER SYSTEM 

RELATED APPLICATIONS 

[0001] This is a continuation-in-part of US. patent appli 
cation Ser. No. 12/021,241, ?led J an. 28, 2008, entitled Power 
Ampli?er Time-Delay Invariant Predistortion Methods and 
Apparatus, Which in turn is a continuation-in-part of US. 
patent application Ser. No. 11/799,239, ?led Apr. 30, 2007, 
entitled High Ef?ciency LineariZation PoWer Ampli?er For 
Wireless Communication, Which in turn is a continuation-in 
part ofU.S. patent application Ser. No. 11/262,079, ?led Oct. 
27, 2005, entitled System and Method for Digital MemoriZed 
Predistortion for Wireless Communication, Which in turn is a 
continuation of US. patent application Ser. No. 10/137,556, 
now US. Pat. No. 6,985,704, entitled System and Method for 
Digital MemoriZed Predistortion for Wireless Communica 
tion, all of Which are incorporated herein by reference. This 
application claims the bene?t of US. patent application Ser. 
No. 11/961,969 ?led Dec. 20, 2007, entitled A Method for 
Baseband Predistortion LineariZation in Multi-Channel 
Wideband Communication Systems. This application claims 
the bene?t of US. Provisional Patent Application Ser. No. 
60/925,603, ?led Apr. 23, 2007, and having the same inven 
tors as the present case With the exception of Dali Yang, and 
also claims the bene?t of US. Provisional Application Ser. 
No. 61/041,164, ?led Mar. 31, 2008, entitled An Ef?cient 
Peak Cancellation Method For Reducing The Peak-To-Aver 
age PoWer Ratio In Wideband Communication Systems, and 
also claims the bene?t of US. Provisional Application Ser. 
No. 61/012,416, ?led Dec. 7, 2007, entitled Baseband 
Derived RF Digital Predistortion, and also claims the bene?t 
of US. Provisional Application Ser. No. 60/925,577, ?led 
Apr. 23, 2007, entitled N-Way Doherty Distributed PoWer 
Ampli?er. Further, this application claims the bene?t of US. 
patent application Ser. No. 11/962,025, ?led Dec. 20, 2007, 
entitled PoWer Ampli?er Predistortion Methods and Appara 
tus, US. Provisional PatentApplication Ser. No. 60/969, 127, 
?led Aug. 30, 2007, entitled Analog PoWer Ampli?er Predis 
tortion Methods and Apparatus, and US. Provisional Patent 
Application Ser. No. 60/ 969,131, entitled PoWer Ampli?er 
Predistortion Methods and Apparatus Using Envelope and 
Phase Detector. All of the foregoing are incorporated herein 
by reference. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to Wireless 
communication systems using complex modulation tech 
niques. More speci?cally, the present invention relates to 
poWer ampli?er systems for Wireless communications. 

BACKGROUND OF THE INVENTION 

[0003] A Wideband mobile communication system using 
complex modulation techniques, such as Wideband code divi 
sion access (WCDMA) and orthogonal frequency division 
multiplexing (OFDM), has large peak-to-average poWer ratio 
(PAPR) speci?cations and hence requires highly linear poWer 
ampli?ers for its RF transmissions. The conventional feed 
forWard linear poWer ampli?er (FFLPA) has been Widely 
utiliZed due to its excellent linearity performance in spite of 
poor poWer e?iciency. 
[0004] Conventional FFLPAs are mainly based on the prin 
ciple of error subtraction and poWer-matching With dedicated 
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hardWare circuitries to realiZe non-linear corrections to PA. 
These approaches must use an auxiliary PA and complicated 
hardWare circuitries to match exactly the transmitted poWer 
balance, time-delay and errors generated by the main PA. 
After a perfect matching is obtained, the non-linear distortion 
errors from the main PA can then be canceled by those dis 
tortion errors from the auxiliary PA. Due to the complexities 
of the nonlinear predistortion circuits, Which among other 
things involve many variables and parameters, FFLPAs 
require signi?cant ?ne tuning and other calibration efforts. In 
addition, such traditional FFLPA schemes are also vulnerable 
to ?uctuating environmental conditions, such as temperature 
and humidity changes, since perfect alignment of the main 
PA’s signal and that of the auxiliary PA are vital. As a result, 
traditional predistortion schemes are costly to implement and 
are limited in their predistortion accuracy and stability in a 
commercial Wireless system environment. 

[0005] In order to overcome the FFLPA’s poor e?iciency, 
digital baseband predistortion (PD) has been demonstrated 
due to the recent advances in digital signal processing (DSP) 
technology. In addition, Doherty poWer ampli?ers (DPA) 
have also been applied to these lineariZation systems to 
improve poWer ef?ciency. HoWever, there is still a demand for 
higher performance of the poWer ampli?er such as more 
linearity and better ef?ciency With less expensive architec 
ture. 

[0006] Conventional DSP-based PD schemes utiliZe digital 
microprocessors to compute, calculate and correct the PA’s 
nonlinearities: they perform fast tracking and adjustments of 
signals in the PA system. HoWever, conventional DSP-based 
PD schemes are challenged by variations of the linearity 
performance of the ampli?er due to the environment chang 
ing such as temperature and the asymmetric distortions of the 
output signal of the PA resulting from memory effects. All 
these variations and distortions have to be compensated for. 
Since conventional PD algorithms are based on a Wideband 
feedback signal, they require a poWer-intensive and expen 
sive high speed analog-to-digital converter (ADC) in order to 
capture necessary information, if at all possible, for process 
ing. In addition, time-synchroniZations are also inevitable in 
order to capture an error signal betWeen a reference signal and 
a distorted signal. This time-matching process may result in 
small synchronization errors Which can further affect conven 
tional PD schemes’ lineariZation performance. 

[0007] Moreover, conventional PD schemes necessitate 
coded in-phase (I) and quadrature (Q) channel signals in the 
baseband as the required ideal or reference signals. As a 
result, conventional PD schemes are often standard or modu 
lation speci?c and must be closely tailored to each baseband 
system. Therefore, in order to deploy conventional PD 
schemes into base-stations, the PD engines must be embed 
ded into the baseband architecture of base-stations. This 
embedment is a practical implementation challenge since it is 
frequently inconvenient or impossible to modify the base 
band architectures of existing base-stations or base-station 
designs. Once the PD scheme is set up for a speci?c base 
station design, it is often not recon?gurable and hence not 
upgradeable to future changes in standards or modulations. 
Furthermore, since traditional PD approaches require base 
band I-Q signal sources to operate, they are inapplicable to 
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certain RF systems that do not possess any baseband I-Q 
signal sources, such as repeater and indoor signal coverage 
sub-systems. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, the present invention has been made in 
vieW of the above problems, and it is an object of the present 
invention to provide a high performance and cost effective 
method of poWer ampli?er systems With high linearity and 
high ef?ciency for Wideband communication system appli 
cations. The present disclosure enables a poWer ampli?er 
system to be ?eld recon?gurable and support multi-modula 
tion schemes (modulation agnostic), multi-carriers and multi 
channels. 
[0009] To achieve the above objects, according to the 
present invention, the technique is generally based on the 
method of adaptive digital predistortion to lineariZe a poWer 
ampli?er in the RF domain. Various embodiments of the 
invention are disclosed. In an embodiment, the combination 
of crest factor reduction, PD, poWer ef?ciency boosting tech 
niques as Well as a simple algorithm With spectrum monitor 
ing are utiliZed Within a PA system. In another embodiment, 
analog quadrature modulator compensation structure is also 
utiliZed to enhance performance. 
[0010] Some embodiments of the present invention are able 
to monitor the ?uctuation of the poWer ampli?er characteris 
tics and to self-adjust by means of a self-adaptation algo 
rithm. One such self-adaptation algorithm presently dis 
closed is called a multi-directional search (MDS) algorithm, 
Which is implemented in the digital domain. 
[0011] Applications of the present invention are suitable for 
use With all Wireless base-stations, access points, mobile 
equipment and Wireless terminals, portable Wireless devices, 
and other Wireless communication systems such as micro 
Wave and satellite communications. 

[0012] Appendix I is a glossary of terms used herein, 
including acronyms. 

THE FIGURES 

[0013] Further objects and advantages of the present inven 
tion can be more fully understood from the folloWing detailed 
description taken in conjunction With the accompanying 
draWings in Which: 
[0014] FIG. 1 is a block diagram shoWing the basic form of 
a digital hybrid mode poWer ampli?er system. 
[0015] FIG. 2 is a block diagram shoWing a simple digital 
hybrid mode poWer ampli?er system according to one 
embodiment of the present invention. 
[0016] FIG. 3 is a block diagram shoWing polynomial 
based predistortion in a digital hybrid mode poWer ampli?er 
system of the present invention. 
[0017] FIG. 4 is a How chart of the multi-directional search 
algorithm applied for self-adaptation predistortion in a digital 
hybrid mode poWer ampli?er system of the present invention. 
[0018] FIG. 5 is a block diagram shoWing a digital hybrid 
mode poWer ampli?er system implemented With optional or 
alternative multi-channel digital input, DQM and UPC-based 
clipping restoration path according to another embodiment of 
the present invention. 
[0019] FIG. 6 is a block diagram shoWing a digital hybrid 
mode poWer ampli?er system implemented With DQM 
according to another embodiment of the present invention. 
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[0020] FIG. 7 is a block diagram shoWing a digital hybrid 
mode poWer ampli?er system implemented With AQM 
according to another embodiment of the present invention. 
[0021] FIG. 8 is a block diagram shoWing a digital hybrid 
mode poWer ampli?er system implemented With DUC and 
UPC-based clipping error restoration path according to 
another embodiment of the present invention. 
[0022] FIG. 9 is a block diagram shoWing a digital hybrid 
mode poWer ampli?er system implemented With AQM and 
AQM-based clipping error restoration path according to 
another embodiment of the present invention. 
[0023] FIG. 10 is a block diagram shoWing the analog 
quadrature modulator compensation structure. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] The present invention is a novel RF-in/RF-out PA 
system that utiliZes an adaptive digital predistortion algo 
rithm. The present invention is a hybrid system of digital and 
analog modules. The interplay of the digital and analog mod 
ules of the hybrid system both lineariZe the spectral regroWth 
and enhance the poWer ef?ciency of the PA While maintaining 
or increasing the Wide bandWidth. The present invention, 
therefore, achieves higher ef?ciency and higher linearity for 
Wideband complex modulation carriers. 
[0025] FIG. 1 is a high level block diagram shoWing the 
basic system architecture Which can be thought of, at least for 
some embodiments, as comprising digital and analog mod 
ules and a feedback path. The digital module is the digital 
predistortion controller 14 Which comprises the PD algo 
rithm, other auxiliary DSP algorithms, and related digital 
circuitries. The analog module is the main poWer ampli?er 
12, other auxiliary analog circuitries such as DPA, and related 
peripheral analog circuitries of the overall system. The 
present invention is a “black box”, plug-and-play type system 
because it accepts RF modulated signal 10 as its input, and 
provides a substantially identical but ampli?ed RF signal 13 
as its output, therefore, it is RF-in/RF-out. The feedback path 
essentially provides a representation of the output signal to 
the predistortion controller 14. The present invention is some 
times referred to as a digital hybrid mode poWer ampli?er 
(DHMPA) system hereinafter. 
[0026] FIG. 2. is a block diagram shoWing a simple digital 
hybrid mode poWer ampli?er system according to one 
embodiment of the present invention. The embodiment in 
FIG. 2. is very similar to the architecture disclosed in US. 
patent application Ser. No. 11/799,239, incorporated here in 
by reference, except that (i) the RF modulated signal 10, VRF, 
only goes through the doWn converter 20, (ii) a digital mul 
tiplier 31 is used in lieu of analog multipliers, and (iii) the 
predistorted signal, VP, is up-converted to IE band, then con 
verted into an analog IF signal by DAC 30, and ?nally modu 
lated into Vin RF signal by mixer 311 before being provided as 
an input to PA 12 for Wireless transmission. 
[0027] FIGS. 5-9 are block diagrams shoWing more sophis 
ticated embodiments of DHMPA system, Where like elements 
are indicated With like numerals. The ?ve embodiments of 
FIGS. 5-9 apply crest factor reduction (CFR) prior to the PD 
With an adaptation algorithm in one digital processor, so as to 
reduce the PAPR, EVM and ACPR and compensate the 
memory effects and variation of the linearity due to the tem 
perature changing of the PA. The digital processor can take 
nearly any form; for convenience, an FPGA implementation 
is shoWn as an example, but a general purpose processor is 
also acceptable in many embodiments. The CFR imple 
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mented in the digital module of the embodiments is based on 
the scaled iterative pulse cancellation presented in patent 
application US61/041,164, ?led Mar. 31, 2008, entitled An 
Ef?cient Peak Cancellation Method For Reducing The Peak 
To-Average PoWer Ratio In Wideband Communication Sys 
tems, incorporated herein by reference. The CFR is included 
to enhance performance and hence optional. The CFR can be 
removed from the embodiments Without affecting the overall 
functionality. 
[0028] FIG. 5 is a block diagram shoWing a DHMPA sys 
tem according to one embodiment of the present invention 
(the “FIG. 5. System”). The FIG. 5. System has a dual mode 
of RF 500 and/ or multi-carrier digital signal 505 at the input, 
and an RF signal at the output 510. The dual mode of signal 
input alloWs maximum ?exibility: RF-in (the “RF-in Mode”) 
or baseband digital-in (the “Baseband-in Mode”). The FIG. 5. 
System comprises three key portions: a recon?gurable digital 
(hereinafter referred as “FPGA-based Digital”) module 515, 
a poWer ampli?er module 520 and a feedback path 525. 
[0029] The FPGA-based Digital part comprises a digital 
processor 530 (eg FPGA), digital-to-analog converters 535 
(DACs), analog-to-digital converters 540 (ADCs), and a 
phase-locked loop (PLL) 545. Since the FIG. 5 System has a 
dual input mode, the digital processor has tWo paths of signal 
processing. For the RF signal input path, the digital processor 
has implemented a digital quadrature demodulator (DQDM), 
a CFR, a PD, and a digital quadrature modulator (DQM). For 
the baseband digital input path, a digital up-conver‘ter (DUC), 
CFR, PD, and a DQM are implemented. 
[0030] The RF-in Mode of the FIG. 5. System has imple 
mented a doWn converter (DNC) 550 prior to the FPGA 
based Digital part and an ADC 540 prior to the FPGA. An 
analog doWn converted signal is provided to the FPGA-based 
Digital module and converted to a digital signal by the ADC 
540. The digitally converted signal is demodulated by the 
DQDM to generate both real and imaginary signals and then 
PAPR of the signal is reduced by CFR. The peak reduced 
signal is predistorted to lineariZe the ampli?er and is passed 
through a DQM to generate the real signal and then converted 
to an intermediate frequency (IF) analog signal by a DAC in 
the FPGA-based Digital part. HoWever, it is not required in all 
embodiments to implement DQDM and DQM in the FPGA. 
If, as shoWn in FIGS. 7 and 9, a modulator and demodulator 
Will not be used, then tWo ADC’s 700 and 705 prior to the 
FPGA and tWo DAC’s 710 and 715 behind the FPGA feeding 
AQM module 720 can be used to generate real and imaginary 
signals, respectively (the “AQM Implementation”). The 
embodiment of FIG. 9 differs from the embodiment of FIG. 7 
by virtue of the addition of a clipping error restoration path, 
indicated by DAC’s 900 and 905 together With second AQM 
logic 910, Which feeds to the RF out signal in a manner similar 
to that shoWn in FIG. 5. 

[0031] The Baseband-in Mode of FIG. 5. Works slightly 
different from the RF-in Mode. Digital data streams from 
multi-channels as I-Q signals are coming to the FPGA-based 
Digital module and are digitally up-converted to digital IF 
signals by the DUC. From this point onWards, the Baseband 
in Mode and RF-in Mode proceeds identically. These IF 
signals are then passed through the CFR block so as to reduce 
the signal’s PAPR. This PAPR suppressed signal is digitally 
predistorted in order to pre-compensate for nonlinear distor 
tions of the poWer ampli?er. 
[0032] In either input mode, the memory effects due to 
self-heating, bias netWorks, and frequency dependencies of 
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the active device are compensated by the adaptation algo 
rithm in the PD, as Well. The coe?icients of the PD are 
adapted by a narroWband feedback using a simple poWer 
detector in the feedback part as opposed to prior art predis 
tortion techniques that use Wideband feedback Which requires 
a very high speed ADC. The predistorted signal is passed 
through a DQM in order to generate the real signal and then 
converted to an IF analog signal by the DAC 535 as shoWn. As 
disclosed above, the DQM is not required to be implemented 
in the FPGA, or at all, in all embodiments. If the DQM is not 
used in the FPGA, then the AQM Implementation can be 
implemented With tWo DACs to generate real and imaginary 
signals, respectively. The gate bias voltage 550 of the poWer 
ampli?er is determined by the adaptation algorithm and then 
adjusted through the DACs 535 in order to stabiliZe the lin 
earity ?uctuations due to the temperature changes in the 
poWer ampli?er. The PLL sWeeps the local oscillation signal 
for the feedback part in order to, ?rst, ?nd the channel loca 
tions and then detect the adjacent channel poWer level or the 
adjacent channel poWer ratio (ACPR). 
[0033] The poWer ampli?er part comprises a UPC for a real 
signal (such as illustrated in the embodiments shoWn in FIGS. 
5, 6, and 8), or an AQM for real and complex signals (such as 
depicted in the embodiments shoWn in FIGS. 7 and 9) from 
the FPGA-based Digital module, a high poWer ampli?er With 
multi-stage drive ampli?ers, and a temperature sensor. The 
predistorted baseband signals are up-converted by the UPC 
555 and then ampli?ed by the PA 560. In order to improve the 
ef?ciency performance of the DHMPA system, ef?ciency 
boosting techniques such as Doherty, Envelope Elimination 
and Restoration (EER), Envelope Tracking (ET), Envelope 
FolloWing (EF), and Linear ampli?cation using Nonlinear 
Components (LINC) can be used, depending upon the 
embodiment. These poWer ef?ciency techniques can be 
mixed and matched and are optional features to the funda 
mental DHMPA system. One such Doherty poWer ampli?er 
technique is presented in commonly assigned U.S. Provi 
sional Patent Application US60/ 925,577, ?led Apr. 23, 2007, 
entitled N-Way Doherty Distributed PoWer Ampli?er, incor 
porated herein by reference. To stabiliZe the linearity perfor 
mance of the ampli?er, the temperature of the ampli?er is 
monitored by the temperature sensor and then the gate bias of 
the ampli?er is controlled by the FPGA-based Digital part. 
[0034] The feedback portion comprises a directional cou 
pler, a mixer, a loW pass ?lter (LPF), gain ampli?ers and, a 
band pass ?lter (BPF), detectors (DETs). Depending upon the 
embodiment, these analog components can be mixed and 
matched With other analog components. Part of the RF output 
signal of the ampli?er is sampled by the directional coupler 
and then doWn converted to an IF analog signal by the local 
oscillation signal in the mixer. The IF analog signal is passing 
through the LPF, the gain ampli?er, and the BPF (e. g., surface 
acoustic Wave ?lter) Which can capture different frequency 
portions of out-of-band distortions. The output of the BPF is 
provided to the detector and then to the ADCs of the FPGA 
based Digital module in order to determine the dynamic 
parameters of the PD depending on output poWer levels and 
asymmetrical distortions due to the memory effects. In addi 
tion, temperature is also detected by the DET 580 to calculate 
the variation of linearity and then adjust gate bias voltage of 
the PA. More details of the PD algorithm and self-adaptation 
feedback algorithm can be appreciated from FIG. 3, Which 
shoWs a polynomial-based predistor‘tion algorithm and from 
FIG. 4, Which shoWs in How diagram form as steps 401 
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through 410 a multi-directional search algorithm Which can 
be used in some embodiments of the invention. 
[0035] In the case of a strict EVM requirement for broad 
band Wireless access such as WiMAX or other OFDM based 

schemes (EVM<2.5%), the CFR in the FPGA-based Digital 
part is only able to achieve a small reduction of the PAPR in 
order to meet the strict EVM speci?cation. In general circum 
stances, this means the CFR’s poWer ef?ciency enhancement 
capability is limited. In some embodiments of the present 
invention, a novel technique is included to compensate the 
in-band distortions from CFR by use of a “Clipping Error 
Restoration Path” 590, hence maximizing the DHMPA sys 
tem poWer e?iciency in those strict EVM environments. As 
noted above, the Clipping Error Restoration Path has an addi 
tional DAC 520 in the FPGA-based Digital portion and an 
extra UPC in the poWer ampli?er part (see FIGS. 5. & 8). The 
Clipping Error Restoration Path can alloW compensation of 
in-band distortions resulting from the CFR at the output of the 
poWer ampli?er. Further, any delay mismatch betWeen the 
main path and the Clipping Error Restoration Path can be 
aligned using digital delay in the FPGA. 
[0036] FIG. 6. is a block diagram shoWing a DHMPA sys 
tem implemented With DQM according to another embodi 
ment of the present invention (the “FIG. 6 System”). It is 
identical to FIG. 5 System except that it does not have the 
Baseband-in Mode and the Clipping Error Restoration Path. 
[0037] FIG. 7. is a block diagram shoWing a DHMPA sys 
tem implemented With AQM according to another embodi 
ment of the present invention (the “FIG. 7 System”). FIG. 7 
System is similar to FIG. 6 System except that it has the AQM 
Implementation option discussed earlier. In addition, the digi 
tal processor of FIG. 7 System has implemented an analog 
quadrature demodulator corrector (AQDMC), a CFR, a PD, 
and an analog quadrature modulator corrector (AQMC). 
[0038] In FIG. 7 System, the RF input signal is ?rst doWn 
converted to baseband digital signals, and then digitally up 
converted to digital IF signals (—7.5 MHZ, —2.5 MHZ, 2.5 
MHZ, 7.5 MHZ). If FIG. 7 System has a Baseband-in Mode, 
then the digital data streams from multi-channels Would be 
digitally up-converted to digital IF signals (—7.5 MHZ, —2.5 
MHZ, 2.5 MHZ, 7.5 MHZ) directly as they enter the digital 
processor. The CFR Would then reduce the PAPR. The peak 
reduced signal is predistorted to lineariZe the DPA and is 
passing through tWo DACs for real and imaginary signals and 
?nally through an AQM. 
[0039] FIG. 10. is a block diagram shoWing the analog 
quadrature modulator compensation structure. The input sig 
nal is separated input an in-phase component X I and a quadra 
ture component XQ. The analog quadrature modulator com 
pensation structure comprises four real ?lters {g11, g12, g21, 
g22} and tWo DC offset compensation parameters c1, c2. The 
DC offsets in the AQM Will be compensated by the param 
eters c1, c2. The frequency dependence of the AQM Will be 
compensated by the ?lters {g11, g12, g21, g22}. The order of 
the real ?lters is dependent on the level of compensation 
required. The output signalsYIandYQ Will be presented to the 
AQM’s in-phase and quadrature ports. 
[0040] The con?guration of the poWer ampli?er part and 
the feedback part of FIG. 7 System are the same as FIG. 6 
System. 
[0041] FIG. 8. is a block diagram shoWing a DHMPA sys 
tem implemented With DUC and the Clipping Error Restora 
tion Path according to another embodiment of the present 
invention (the “FIG. 8 System”). FIG. 8 System is similar to 
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FIG. 6 System except that it has the Clipping Error Restora 
tion Path. In addition, the digital processor of FIG. 8 System 
has implemented a digital doWn converter (DDC), a CFR, a 
PD, and DUC. 
[0042] In FIG. 8 System, the DNC frequency translates the 
RF signal into a loW IF signal. The IF signal is then presented 
to the ADC Whereupon it is digitally doWn-converted to base 
band folloWed by CFR and PD. The output of the PD is a 
baseband signal Which Will then be digitally upconverted to 
an IF frequency and presented to the DAC. The output of the 
DAC is then further frequency translated to a RF frequency 
through the UPC. The con?guration of the poWer ampli?er 
part and the feedback part of FIG. 8 System are the same as 
FIG. 5 System. 

[0043] FIG. 9. is a block diagram shoWing a DHMPA sys 
tem implemented With AQM and AQM-based Clipping Error 
Restoration Path according to another embodiment of the 
present invention (the “FIG. 9 System”). FIG. 9 System is 
identical to FIG. 7 System except that FIG. 9 System has the 
Clipping Error Restoration Path. The Clipping Error Resto 
ration Path in FIG. 9 System has tWo DACs in the FPGA 
based Digital part and anAQM in lieu of the UPC in the poWer 
ampli?er part (see FIGS. 5. & 8). 
[0044] FIG. 3. is a block diagram shoWing a predistortion 
(PD) part in the DHMPA system of the present invention. The 
PD in the present invention generally utiliZes an adaptive 
LUT-based digital predistortion system. More speci?cally, 
the PD illustrated in FIG. 3 and in embodiments disclosed 
from FIG. 5 to FIG. 9 are processed in the digital processor by 
an adaptive algorithm, presented in US. patent application 
Ser. No. 11/961,969, entitledA Method for Baseband Predis 
tortion LineariZation in Multi-Channel Wideband Communi 
cation Systems. The PD for the DHMPA system in FIG. 3. has 
multiple ?nite impulse response (FIR) ?lters, that is, FIR1 
301, FIR2 303, FIR3 305, and FIR4 307. The PD also con 
tains the third order product generation block 302, the ?fth 
order product generation block 304, and the seventh order 
product generation block 306. The output signals from FIR 
?lters are combined in the summation block 308. Coel?cients 
for multiple FIR ?lters are updated by the MDS algorithm 
based on the adjacent channel poWer level or the ACPR as an 
evaluation function. 

[0045] FIG. 4. is a How chart of a method for compensating 
for the PD in the DHMPA system of the present invention. It 
is the self-adaptation feedback part of the DHMPA system 
that utiliZes the MDS algorithm. Operation of the predistor 
tion compensating apparatus of FIG. 3 may be described With 
reference to this How chart. 

[0046] For purposes of simplicity, but not by Way of limi 
tation, WCDMA has been used as an example to illustrate the 
self-adaptation feedback part and the MDS algorithm. The 
present invention is by no means limited to WCDMA, since 
the present invention is standard and modulation agnostic. In 
WCDMA applications, 12 WCDMA channels are detected 
?rst by sWeeping PLL in the feedback part (401) in order to 
search the activated and deactivated channels. Once channel 
locations are searched (402), the feedback part detects adja 
cent channel poWer level or ACPR (especially 5 MHZ offset 
components) again by sWeeping PLL (403). Then initialiZe 
predistortion and apply the MDS algorithm as folloWs: 
[0047] At any iteration k, evaluate each coef?cients set, 
then ?nd the optimum set, aok (404) 
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[0048] Rotation 405: rotate aok and evaluate. If min{f(a,l-A), 
iIl, . . . ,n}<f(aok) is achieved (406), then go to the Expansion 
407; or else go to Contraction 409. 
[0049] Expansion 407: expand arik and evaluate. If min{f 
(am-‘1P1, . . . , n}<min{f(a,f), iIl, . . . ,n} is achieved (408), 

then set aOkIa k‘ or else set aOkIa?k and go to (1) 
[0050] Contraction 409: contract aok, evaluate, and set 
aOkIaCZ-k, then go to (l) 
[0051] Where, a is a vector of coe?icients for multiple FIR 
?lters, and f is the evaluation function, Which is the adjacent 
channel poWer level or the ACPR. 
[0052] The algorithm stops if the evaluation function is less 
than the minimum target value (410). This MDS algorithm is 
elegantly simple to be implemented. 
[0053] In summary, the DHMPA system of the present 
invention could enhance the performance for the e?iciency 
and linearity more effectively since the DHMPA system is 
able to implement CFR, DPD and adaptation algorithm in one 
digital processor, Which subsequently saves hardWare 
resources and processing time. The DHMPA system is also 
recon?gurable and ?eld-programmable since the algorithms 
and poWer ef?ciency enhancing features can be adjusted like 
softWare in the digital processor at anytime. 
[0054] Furthermore, since the DHMPA system accepts RF 
modulated signal as input, it is not necessary to use the coded 
I and Q channel signals in the baseband. Therefore, the per 
formance of Wireless base-station systems can be enhanced 
simply by replacing the existing PA modules With the 
DHMPA. The present invention alloWs a “plug and play” PA 
system solution such that existing base-station systems do not 
need to modify their structures and/or rebuild a neW set of 
signal channels in order to bene?t from high ef?ciency and 
high linearity PA system performance. 
[0055] Moreover, the DHMPA system is agnostic to modu 
lation schemes such as QPSK, QAM, OFDM, etc. in CDMA, 
GSM, WCDMA, CDMA2000, and Wireless LAN systems. 
This means that the DHMPA system is capable of supporting 
multi-modulation schemes, multi-carriers and multi-chan 
nels. Other bene?ts of the DHMPA system includes correc 
tion of PA non-linearities in repeater or indoor coverage sys 
tems that do not have the necessary baseband signals 
information readily available. 
[0056] Although the present invention has been described 
With reference to the preferred embodiments, it Will be under 
stood that the invention is not limited to the details described 
thereof. Various substitutions and modi?cations have been 
suggested in the foregoing description, and others Will occur 
to those of ordinary skill in the art. Therefore, all such sub 
stitutions and modi?cations are intended to be embraced 
Within the scope of the invention as de?ned in the appended 
claims. 

APPENDIX I 

Glossary of Terms 

[0057] ACLR Adjacent Channel Leakage Ratio 
[0058] ACPR Adjacent Channel PoWer Ratio 
[0059] ADC Analog to Digital Converter 
[0060] AQDM Analog Quadrature Demodulator 
[0061] AQM Analog Quadrature Modulator 
[0062] AQDMC Analog Quadrature Demodulator Correc 

tor 

[0063] AQMC Analog Quadrature Modulator Corrector 
[0064] BPF Bandpass Filter 
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[0065] CDMACode Division Multiple Access 
[0066] CFR Crest Factor Reduction 
[0067] DAC Digital to Analog Converter 
[0068] DET Detector 
[0069] DHMPA Digital Hybrid Mode PoWer Ampli?er 
[0070] DDC Digital DoWn Converter 
[0071] DNC DoWn Converter 
[0072] DPA Doher‘ty PoWer Ampli?er 
[0073] DQDM Digital Quadrature Demodulator 
[0074] DQM Digital Quadrature Modulator 
[0075] DSP Digital Signal Processing 
[0076] DUC Digital Up Converter 
[0077] EER Envelope Elimination and Restoration 
[0078] EF Envelope FolloWing 
[0079] ET Envelope Tracking 
[0080] EVM Error Vector Magnitude 
[0081] FFLPA FeedforWard Linear PoWer Ampli?er 
[0082] FIR Finite Impulse Response 
[0083] FPGA Field-Programmable Gate Array 
[0084] GSM Global System for Mobile communications 
[0085] I-Q In-phase/ Quadrature 
[0086] IF Intermediate Frequency 
[0087] LINC Linear Ampli?cation using Nonlinear Com 

ponents 
[0088] LO Local Oscillator 
[0089] LPF LoW Pass Filter 
[0090] MCPA Multi-Carrier PoWer Ampli?er 
[0091] MDS Multi-Directional Search 
[0092] OFDM Orthogonal Frequency Division Multiplex 
mg 

[0093] PA PoWer Ampli?er 
[0094] PAPR Peak-to-Average PoWer Ratio 
[0095] PD Digital Baseband Predistortion 
[0096] PLL Phase Locked Loop 
[0097] QAM Quadrature Amplitude Modulation 
[0098] QPSK Quadrature Phase Shift Keying 
[0099] RF Radio Frequency 
[0100] SAW Surface Acoustic Wave Filter 
[0101] UMTS Universal Mobile Telecommunications Sys 
tem 

[0102] UPC Up Converter 
[0103] WCDMA Wideband Code Division Multiple 
Access 

[0104] WLAN Wireless Local Area NetWork 

What is claimed is: 
1. A digital hybrid mode poWer ampli?er system compris 

ing a digital module for receiving at least one of RF and 
multi-channel digital input, a poWer ampli?er portion respon 
sive to signals representative of the output of the digital mod 
ule, and a feedback portion for feeding back to the digital 
module signals representative of the output of the poWer 
ampli?er portion. 

2. The digital hybrid mode poWer ampli?er system of claim 
1 Wherein the digital module comprises a one or more of a 
digital ?eld programmable gate array, digital-to-analog con 
verters, analog-to-digital converters, and a phase-locked 
loop. 

3. The digital hybrid mode poWer ampli?er system of claim 
1 Wherein the poWer ampli?er part comprises at least one of 
an up-converter for real signal and an analog quadrature 
modulator for real and complex signals, a high poWer ampli 
?er With multi-stage drive ampli?ers, and a temperature sen 
sor. 
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4. The digital hybrid mode power ampli?er system of claim 
1 Wherein the feedback portion comprises at least one of a 
directional coupler, a mixer, a loW pass ?lter, gain ampli?ers, 
a band pass ?lter, and detectors. 

5. The digital hybrid mode poWer ampli?er system of claim 
2 con?gured for the base station applications Wherein the 
digital ?eld programmable gate array comprises one or more 
of a digital up-converter, a crest factor reduction, a predis 
torter, and a digital quadrature modulator. 

6. The digital hybrid mode poWer ampli?er system of claim 
2 con?gured for repeater applications Wherein the digital ?eld 
programmable gate array comprises at least one of a digital 
quadrature demodulator, a crest factor reduction, a predis 
torter, and a digital quadrature modulator. 

7. The digital hybrid mode poWer ampli?er system of claim 
2 Wherein the digital digital ?eld programmable gate array 
provides predistortion that compensates adaptively for both 
nonlinearity and memory effects of the poWer ampli?er por 
tion by generating asymmetric distortion of the poWer ampli 
?er. 

8. The digital hybrid mode poWer ampli?er system of claim 
2 Wherein the digital ?eld programmable gate array com 
prises an adaptation algorithm to determine the optimum gate 
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bias voltage of the poWer ampli?er for stabiliZing the linearity 
?uctuations due to the temperature changes of the poWer 
ampli?er. 

9. The poWer ampli?er system of claim 3 Wherein the 
poWer ampli?er portion uses at least one of the group of 
ef?ciency boosting techniques comprising Doherty, Enve 
lope Elimination and Restoration, Envelope Tracking, Enve 
lope Following, and Linear ampli?cation using Nonlinear 
Components in order to maximize the e?iciency of the 
DHMPA system. 

11. The poWer ampli?er system of claim 1 Wherein in-band 
distortions resulting from the clipped signal at the output of 
the poWer ampli?er portion caused by crest factor reduction is 
compensated by a DAC and UPC responsive to the Digital 
portion. 

12. A method for updating coef?cients of the predistortion 
in the DHMPA system of the present invention, comprising: 

searching locations of the main channel signal to detect the 
adjacent channel poWers; and 

extracting coef?cients based on the multi-directional 
search algorithm comprising evaluation, rotation, 
expansion, and contraction by using the adjacent chan 
nel poWer value or the adjacent channel poWer ratio as a 
evaluation function. 

* * * * * 


