http://www.mwjournal.com/article.asp?HH_ID=AR_536
In power amplifier design, there is a tradeoff between the degree of linearity and the levels of efficiency or output power, for a constant power supplied to the amplifiers

http://www.swri.org/3pubs/brochure/D10/DigPre/home.htm
Combining several carrier signals within the transmitter power amplifier creates large variations in the instantaneous output power, a condition described as high peak-to-average ratio (PAR).

The multichannel amplifier may exhibit nonlinear behavior as a result of the high PAR. Simulations have demonstrated that digital predistortion (DPD) of the input signal can improve multicarrier, high-power amplifier linearity.[image: image1.png]



http://goliath.ecnext.com/coms2/gi_0199-4384675/Design-of-a-feedback-predistortion.html
Mobile communication systems currently use multi-carrier/multi-channel schemes for effective use of the frequency spectrum resources. The intermodulation has a serious impact on these communication systems in terms of adjacent channel interference, resulting in an increase of bit error rates.

AdaptiveDigitalFeedbackPredistortionTechnique

forLinearizingPowerAmplifiers

YoungYunWoo,JangheonKim,JaehyokYi,SungchulHong,IlduKim,JunghwanMoon,and

BummanKim, Fellow, IEEE

CURRENTwirelesscommunicationsystems,suchascode

divisionmultipleaccess(CDMA)-2000,widebandcode

divisionmultipleaccess(WCDMA),orthogonalfrequencydi-

visionmultiplex(OFDM),etc.,transmitnonconstantenvelope

signalstoefficientlyusethelimitedfrequencyresource.

AdaptiveDigitalFeedbackPredistortionTechniqueforLinearizingPowerAmplifiers

See fig 1 for analog vs digital also fig 12 money shot
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The IMD variation for different tone spacings due to large-time-constant memory effects is mainly caused by the thermal time constants of the high power amplifiers.7,8

http://scholar.lib.vt.edu/theses/available/etd-05062004-152027/unrestricted/Viswanathan_Thesis.pdf
The most efficient operation of a power amplifier is near compression. This is 

one of the well-known advantages of standards like GSM, which employs constant envelope 

modulation technique like GMSK. Such modulation techniques ensure that the envelope of the 

transmitted signal is constant. This enables the power amplifier of the mobile system to operate 

near saturation without distortion. On the other hand, modern standards like EDGE with more 

efficient data rates use modulation techniques like BPSK, QPSK, and QAM. These techniques 

produce non-constant envelope signals, which require the power amplifier to operate in the linear 

region, 3 to 6 dB backed off from compression. This prevents spectrum splatter of sideband 

components that might cause Adjacent Channel Interference  (ACI), thereby making high 

efficiency hard to achieve.  
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.Linear

amplification is required when the

signal contains both amplitude and

phase modulation.

Signals such as CW,FM,classical

FSK,and GMSK (used in GSM) have

constant envelopes (amplitudes) and

therefore do not require linear ampli-

fication.

.Thermal effects

are somewhat more noticeable in III-

V semiconductors because of lower

thermal conductivity,while charge-

storage effects are more prevalent in

overdriven BJT PAs.
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This article pro-

vides a summary of the three main families of

techniques have been developed:Feedback,

feedforward,and predistortion.

FEEDBACK


RF Feedback


Envelope Feedback


Polar-Loop Feedback


Cartesian Feedback

FEEDFORWARD

PREDISTORTION

involves the insertion of a nonlinear element prior to the RF PA such that the combined transfer characteristic of

both is linear (Figure 50).Predistortion can be accomplished at either RF or baseband.


RF Predistortion


Digital Predistortion

http://www.nitronex.com/ganoverview.html
Gallium nitride (GaN) is often referred to as the “final frontier of semiconductors” for its physical attributes, its primary performance capabilities, as well as the placement of gallium and nitrogen at the extremes of the Periodic Table. GaN is a “III-V” compound semiconductor material (Gallium in Group III and Nitrogen in Group V) with a very wide bandgap and a correspondingly high bandgap voltage of 3.4 V. GaN’s physical nature includes:

>> High thermal conductivity;

>> High melting temperature;

>> Low dielectric constant; and

>> High breakdown voltage

This translates to fundamental performance advances in the area of high power, high frequency power transistors for RF transmission applications covering the 1-50 GHz band. As this band includes mobile communications; wireless local, metropolitan and wide area networking; point-to-point (LMDS) and point-to-multipoint (MMDS) microwave communications; and radar applications, GaN holds the promise of redefining the feasibility, cost and capabilities of the full range of radio communications technologies and systems.

http://www.abiresearch.com/products/market_research/RF_Power_Amplifiers
RF power amplifiers are an integral part of all base stations for cellular and mobile wireless infrastructure. They represent one of the most expensive component sub-assemblies in modern wireless infrastructure equipment, and both their performance and cost are important drivers in base station design. Efficiency, physical size, linearity and reliability are among the principal concerns. As price pressures becomes fiercer, new and innovative techniques and materials must be used to reduce the cost of this important component part while still maintaining performance. The RF power semiconductors used in these power amplifiers are the lynchpin for their cost and capability, and they must keep pace with both the economic and technical realities facing designers and users of these RF power amplifiers.
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3G base station shipments are forecast to grow at a CAAGR of over 31 percent through to 2009. The overall power amplifier device market generated by demand from new base station rollouts and upgrades to existing infrastructure, will peak in 2007 as demand from 2G and 2.5G infrastructure markets decline and ASPs drop on average 10 percent year-on-year. GaN technology holds potential, but will still be in the early phases of market rollout in 2009. Si LDMOS will continue to dominate in base station PAs, representing 73 to 75 percent of the total market over the 2004 to 2009 period.

http://en.wikipedia.org/wiki/Electronic_amplifier
http://www.patentstorm.us/patents/7197086-description.html
In order to improve efficiency, base stations in TDMA mobile communication systems have employed a well-known Kahn envelope-elimination-and-restoration technique for power-amplifying the RF signal for transmission. In accordance with this technique, digital amplitude information and phase information in the input signal are separated. A baseband signal derived from the digital phase information is modulated onto an RF carrier and amplified by non-linear amplifiers, which are quite efficient. An RF power amplifier then amplifies the phase-modulated carrier and modulates the amplitude of that RF signal with a baseband signal derived from the digital amplitude information. Before being supplied to the RF power amplifier, however, that amplitude-modulating signal is amplified by a linear amplifier. Typically, a linear amplifier that is more efficient than a class AB amplifier is used to amplify this signal such as, for example, a class D or a class S switching amplifier.

RF and Microwave Power Amplifier Design (McGraw-Hill Professional Engineering) (Hardcover)

RF Power Amplifiers for Wireless Communications (Hardcover)

http://amsacta.cib.unibo.it/archive/00001005/
The Chireix power combining scheme can be used in Chireix outphasing architecture, which is currently together with EER and the Doherty amplifier one of the most prominent research topics in power amplifier linearization / efficiency enhancement area. In an outphasing system, also known as LINC (Linear Amplification of Nonlinear Components), an amplitude and phase modulated signal is separated into two constant envelope signals containing only phase modulation. The original signal waveform can subsequently be reconstructed by varying the phases of the two constant envelope signal branches, thus enabling, ideally, linear amplification of the original signal with system efficiency comparable to the efficiency of the used PAs.

http://herkules.oulu.fi/isbn9514265149/
Analysis, measurement and cancellation of the bandwidth and amplitude dependence of intermodulation distortion in RF power amplifiers

Joel Vuolevi

The motivation for the work reported in this doctoral thesis was the need to understand, model, simulate, measure and cancel out the memory effects shaping the distortion in RF power amplifiers. It had been found in earlier research that the real performance of some basic linearization schemes was much weaker than had been theoretically expected, and memory effects were proposed as the cause. It is seen in this thesis that memory effects certainly detract from linearization performance, and that significant improvements can be achieved by cancelling out these effects using the technique introduced here.

Electrical memory effects are caused by varying envelope, fundamental or 2nd harmonic node impedances at different modulation frequencies.

Thermal memory effects are caused by electro-thermal couplings, which affect low modulation frequencies up to 1 MHz. Due to the finite mass of the component, thermal impedance in the active device is not purely resistive, but instead it forms a distributed low-pass filter with a wide range of time constants. This means that the temperature changes caused by the dissipated power do not occur instantaneously, but due to the mass of the semiconductor and package, frequency-dependent phase shifts always exist. Moreover, the surface of silicon reacts surprisingly quickly, and thermal effects can be obtained in a bandwidth up to 100 kHz - 1MHz (Schurack et al. 1992, Zhu et al. 1998, Hopkins & Tiziani 1989, Zweidinger et al. 1993, Le Gallou et al. 2001b).

S-parameters are usually given over the whole range of frequencies, and sometime over the whole range of bias voltages, too, in the case of active devices, and the right set of S-parameters which correspond to the operating conditions can be read off from the table. S-parameters are widely used in RF design and are able to model the effects of matching impedances, gain and other linear phenomena. S-parameters assume the device to be linear, and therefore they are not sufficient for distortion simulations.

Feedback is the most traditional linearization technique in analogue design, enabling the distortion to be reduced by a factor of the loop gain, but unfortunately, it is very difficult to implement at RF frequencies, and therefore indirect techniques such as Cartesian feedback have been developed. This involves conversion of the output RF spectrum down to the baseband frequency, whereupon the I and Q signals are picked out and fed back to the input of the amplifier as correction signals

Feedforward, on the other hand, can be employed for wideband linearization, but unfortunately the system is extremely complicated, resulting in great power waste and a large physical size. This technique entails comparison of the input and output spectra, and errors are corrected after amplification

The third method, predistortion, is similar to feedforward and can be considered a cancelling type of linearization. Compensation for the distortion products takes place before amplification, which is an advance over the feedforward technique, because significantly lower power levels have to be handled before amplification, increasing the efficiency. The efficiency of the linearization method itself is a very important issue in terms of the efficiency of the whole transmitter

The cancellation of IM3 sidebands results from predistortion signals that are of equal amplitude and opposite phase relative to IM3 signals generated in the amplifier itself. Cancellation is very sensitive to the amplitude and phase match between the distortion and cancellation signals, and the memory effects make the situation a lot worse. Since IM3 sidebands rotate back and forth with changes in modulation frequency, as described in Fig. 54b, whereas predistortion signals have a constant phase, it is evident that memory effects seriously limit the maximum achievable cancellation performance of the method, a conclusion that also holds good for most other linearization methods.

Cancellation of memory effects is a new way of thinking with regard to linear but power-efficient PAs. Linear PAs can be designed, but at the expense of efficiency, and efficient but nonlinear PAs can be linearized if sophisticated and power-hungry techniques are used. Unfortunately, both approaches end up with linear but power-inefficient transmitters. A study of distortion mechanisms and memory effects can help us to understand why good cancellation of distortion components is difficult to obtain using a simple linearization technique such as predistortion. It has been shown in this thesis that many of the limitations on cancellation performance are caused by memory effects, and a new technique, envelope injection, has been proposed for eliminating memory effects. The results presented here are very promising in this respect. Consequently, it is possible to achieve good cancellation using a simple, power efficient linearization technique such as predistortion combined with a technique for cancelling memory effects such as envelope injection. This sounds like a very attractive solution for improving the efficiency-linearity trade-off in PAs, which is the most important issue in modern PA research.

http://www.wtec.org/loyola/wireless/toc.htm
http://www.ee.duke.edu/~mbrooke/ECE283/2004_Fall/Lecture_Material/Lecture_4_Transmitters_modulation.ppt


qam  article

http://www.herley.com/pdfs/QAM_Article.pdf
