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ABSTRACT: 

The use of spectrum-efficient digital modulation techniques and the cost advantage of utilizing a 

single power amplifier in multi-carrier radio communication systems are the two major 

contributors to the increase in the linearity requirements during the processing of a signal. The 

simplest technique to improve the linearity of a power amplifier is to reduce its output power, so 

the device is operated in its linear region. Though this approach is valid, it severely degrades the 

power efficiency. Because the remaining components in a communications system usually 

consume little power compared to the final power amplifier, the efficiency of the latter becomes 

of extreme importance. Any systematic method for improvement of linearity (or nonlinear 

distortion reduction) is called linearization. Because baseband signal generation in modern 

communications systems is performed digitally, it makes sense to implement the linearization 

right at baseband, in the form of one more stage in the baseband generation process. The 

predistortion method of nonlinear distortion correction is the most suitable technique for this 

purpose, because the whole process is carried out before the power amplifier and immediately 

after the modulation takes place. This thesis generically analyses the predistortion method of 

nonlinear distortion reduction, and applies the concepts to implement a practical wideband 

digital predistorter. Methods for the cancellation of imperfections in the linearizer itself are 

developed, and its performance evaluated as a function of a variety of system parameters. The 

cancellation of memory effects in the power amplifier is also considered. Experimental results 

are shown for various signals, and for traveling wave tubes or solid-state power amplifiers, 

demonstrating correction bandwidths of up to 100 MHz, and cancellation of distortion products 

of up to 25 dB. These results are considered state of the art for today’s standards. The bandwidth 

is only limited by the processing speed of the available digital processing devices; wider 

bandwidths are certainly possible in the near future without changes to the algorithms developed. 
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1. INTRODUCTION  

This doctoral thesis is on the reduction of 

non-linear distortion in communications 

systems by using digital signal processing. 

Distortion can be understood as a measure 

of the difference in shape between the input 

and output signals of a system. If the 

distortion does not generate additional 

signals at the output of the system, it is 

called linear distortion, and it can be reduced 

by using an equalizer. However, if the 

distortion is such that new signals (with new 

frequencies) appear at the output of the 

system, it is called non-linear distortion. 

This type of distortion is of concern because 

those additional signals may interfere with 

other communications systems. Non-linear 

distortion was not much of a problem many 

years ago when communications systems 

utilized frequency modulation; this type of 

modulation does not introduce amplitude 

variations in the envelope of the signal being 

transmitted, for which power amplifiers 

could be operated in class-C, achieving high 

efficiencies. Today’s communication 

systems make use of spectrum-efficient 

modulations that have variable envelope. At 

the same time, the tendency is to use a single 

power amplifier for multi-carrier 

transmissions. In both cases, any amplitude 

or phase distortion of the signal as a function 

of its level will generate additional 

undesired signals called intermodulation 

distortion products (IMD). The gain of a 

Radio Frequency (RF) power amplifier is 

typically not a constant at all output power 

levels. The magnitude of the gain decreases 

when the output power approaches the 

saturation level (which is the maximum 

achievable output power), and the phase of 

the gain could either increase or decrease, 

depending on the type of active device 

utilized by the power amplifier. The major 

contribution to non-linear distortion occurs 

in the high power region. Hence, one 

method to minimize the non-linear distortion 

consists of the reduction of the input power 

in order to operate the power amplifier in its 

low power region. Unfortunately, the 

reduction of the output power, also called 

back-off, degrades the power efficiency. 

Low distortion and high efficiency go in 

opposite ways, and therefore a compromise 

solution is often found. Many systematic 

methods of non-linear distortion reduction, 

often called linearization, have been 

developed [Katz, Ref. 47 and 67]. Among 

all methods, predistortion and feed-forward 

are the two that provide the best results. 

Feed-forward linearization consists of the 

cancellation of the distortion products at the 

output of the power amplifier. To achieve 
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this, a small portion of the input signal to the 

power amplifier is subtracted from a sample 

of the output of the power amplifier, 

obtaining in this way a third signal that only 

contains the distortion products of the 

amplifier. Then, the distortion signal is 

amplified by a low distortion auxiliary 

amplifier and subtracted from the output of 

the power amplifier, canceling out the 

distortion. Feed-forward linearization has 

been successfully employed in many 

communication systems, but it is difficult to 

add to existing amplifiers, and can only 

provide good results if the output back-off 

level of the power amplifier is in the order 

of 6 to 7 dB. Predistortion linearization has 

been in use for many years as well, 

particularly in the satellite and microwave 

industries. A predistorter is a device that 

precedes a non-linear device such as an RF 

power amplifier. The magnitude of the 

predistorter gain increases when the 

magnitude of the power amplifier gain 

decreases, and the phase of the predistorter 

gain is the negative of the phase of the 

power amplifier gain. The net result is that 

the magnitude and phase of the gain of the 

two devices in cascade becomes 

approximately a constant until the power 

amplifier reaches saturation. Predistortion 

linearization can provide good results (50 

dB of signal to IMD ratio) even at output 

power levels close to saturation..  

2. REVIEW OF THE LITERATURE  

A - Digital pre distortion The most relevant 

publications on digital predistortion, 

including overview papers.  

B - Linear distortions Papers on the analysis 

and correction of linear distortion that can 

degrade the performance of the digital 

predistorter.  

C - Memory effects Papers on the analysis 

and correction of memory effects of the non-

linear device that can degrade the 

performance of the predistorter.  

D - Characterization of non-linear devices 

Literature on methods to measure the 

complex gain of a non-linear device as a 

function of power.  

E – Digital predistorter performance vs. 

system parameters Publications on the 

performance of a digital predistorter as a 

function of a variety of parameters that must 

be chosen during the design process.  

2.1. REVIEW OF LITERATURE ON 

DIGITAL PREDISTORTION There have 

been a good number of publications on 

digital predistortion in the last twenty years. 

The first papers dealt with the improvement 
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of the constellation points of a digital 

transmitter, more than on the spectrum 

regrowth [Grabowski, Ref. 72, Shanmugan, 

Ref. 74, Saleh, Ref. 75]. When the 

occupancy of adjacent channels became 

more of a problem, the research was focused 

more on the Intermodulation Distortion 

(IMD) products than the bit error rate. The 

first practical implementation of a gain 

based digital predistorter was proposed by 

James Cavers [Ref. 37] in 1990. Before this 

method, the majority of the digital 

predistorters were based on the mapping 

predistorter principle, in which each possible 

signal level was directly mapped to another 

output level. Not much improvement was 

achieved over the basic idea of the gain 

based predistorter, because it seems to be 

practical and efficient. However, the 

reduction of distortion and the frequency 

range over which the distortion is corrected, 

often called signal correction bandwidth was 

far from the need of most applications, and 

digital predistorters remained as laboratory 

experiments. As an example, signal 

correction bandwidths of 8 KHz were 

reported in Ref. 37. Table 2.1.1 reviews the 

weaknesses and strengths of the most 

relevant publications on digital 

predistortion. Very few of the proposals 

perform corrections of memory effects or 

linear distortions; this is, in fact, one of the 

key issues in obtaining greater bandwidths 

while still maintaining good distortion 

cancellation. As a way of showing how the 

distortion cancellation and the signal 

correction bandwidth interact, Figure 2.1.1 

depicts a plot of the distortion reduction as a 

function of the linearization bandwidth for 

the most relevant papers in which real 

implementations of digital predistorters, and 

not simulations, were carried out in practice. 

There have been no published experimental 

results, to this date, that make an 

outstanding improvement and break with 

this apparent trend. 



 

International Journal of Research 
Available at https://edupediapublications.org/journals 

e-ISSN: 2348-6848  
p-ISSN: 2348-795X  
Volume 04 Issue 09 

August 2017 

   

Available online:  https://edupediapublications.org/journals/index.php/IJR/  P a g e  | 2491   

 

 

Table 2.1.1 – Analysis of the literature on digital predistortion linearization 
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CONCLUSION As a result of the research 

work carried out for this doctoral thesis, the 

following can be concluded: 1. Digital 

predistortion linearization is a well 

established method of distortion reduction. It 

has been used for over 20 years in a wide 

variety of communications systems. The 

gain based predistorter is the most effective 

method for the implementation of a digital 

predistorter. 2. The performance of the 

digital predistorter is severely affected by 

any linear distortions that may appear either 

in the feedback or the forward paths, for 

which careful equalization is necessary. 3. 

The major contributors to the linear 

distortions are the quadrature modulator, the 

quadrature demodulator, the reconstruction 

filters, and the anti-alias filters. 4. The non-

linear distortion introduced by the 

quadrature modulator can be cancelled with 

the predistorter, as long as the modulator is 

characterized together with the RF power 

amplifier. 5. The non-linear distortion 

introduced by the quadrature demodulator in 

the feedback path cannot be reduced with 

the predistorter, therefore, the demodulator 

must be operated at small signal levels. Any 

increment in the signal to noise ratio can be 

minimized by averaging. 6. The quantization 

level plays an important role not only in 

setting the noise floor as in any 

communications systems, but it also affects 

the cancellation of non-linear distortion. The 

effect of the quantization level on the 

distortion cancellation depends on the 

probability density function of the signal. 
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