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Abstract— This paper presents DPD linearizer for the high 

power amplifiers. Conventional High power amplifiers 

operating with wideband signals must be backed off 

considerably from their peak power level in order to control 

out of band distortions, also known as ‘spectral re-growth’. 

Different linearization techniques are there to identify and 

compensate those non-linearities, like feedback, feed forward 

and digital pre-distortion. In this paper a low complexity 

volterra series method and indirect learning architecture for 

DPD has been considered to linearise a PA. 
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I. INTRODUCTION 

Power amplifiers are the important component for the any 

communication system, but they are inherently non-linear, 

which produces spectral regrowth, which producer adjacent 

channel interference. Non-linearities can also cause in band 

distortion, which degrades the bit error rate and the data 

throughput. To maintain the linearity and efficiency of the 

PA, there are several methods like feed-forward, feedback 

and digital pre-distortion (DPD). In feedback method, a part 

of the output is fed back to the input, to control input power 

but it requires high loop gain and sufficient phase margin for 

the stability. The second one is the feed-forward method in 

which the signal is added to the output signal for 

linearization purpose, in which for HPA a high power 

summing point is not easy to implement. In DPD method the 

input of the power amplifier is pre-distorted in that manner 

the overall system becomes linear. In this paper the first 

section is consist of the behavior modeling of the Pas, 

second section contain the DPD method which will be 

followed by the simulation results and conclusion. 

II. BEHAVIORAL MODELING OF POWER AMPLIFIER 

A. Saleh Model 

For the analysis of the Digital pre-distortion, we have to 

model the behavior of PA non-linearities. Power amplifiers 

can be modeled using both memory and memory less 

models. In this paper we are considering saleh model to 

model behavior of PA, because saleh model is more 

accurate for TWT amplifier rather than other models. 

Power amplifiers can be modelled by cascading LTI 

system followed by non-linear system. For the behaviour 

modelling of power amplifiers there are many different 

models, one of them is saleh model. Saleh model is quasi 

memory less model. There are four parameters used to fit 

the model to measurement data. In saleh model, two 

conversions are taken places, which are AM/AM & AM/PM 

conversion. Functions for AM/AM & AM/PM are described 

below, 

           (1) 

           (2) 

B. Volterra Series 

For the high bandwidth applications, the memory effects are 

important and cannot be ignored. To explain a memory 

effects, mostly the volterra series is widely used for the 

development of fast algorithm.  

The M-sample memory Pth order volterra series 

expansion is expressed as:  
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Where, h0= constant and ),......,(
1 pj

kkh = volterra 

kernel coefficients. 

Volterra series is called as the memory polynomial 

model, which is, consists of delay taps & non-linear static 

functions. Main advantage of volterra series is no pre-

processing needed before the adaptation. 

 Coefficients can be determined by using the pseudo-inverse 

approach. 

y = x* hj 

 Where, x = input of the HPA,y= output of the HPA 

and hj = volterra kernel coefficients. 

hj= inv(R)*P 

Where, R is the autocorrelation of  the input signal 

x and P is the cross-correlation of  the input signal x and 

output signal y. 

III. LINEARIZER 

Linearizers are used to eliminate the non-linearities from the 

ouput signal of the power amplifiers. In this document the 

non-linearity’s type considered is out band, which is also 

known as spectral regrowth. Spectral regrowth is the result 

of the unwanted components gets added to the main signal, 

which can also have explained by the volterra series. In this 

paper for the linearization of the power amplifiers the DPD 

(Digital Pre-Distortion) linearization method has been 

considered. 

Pre-distorter
Power 

Amplifier
u(n) x(n) y(n)

 
Fig. 1: Block diagram of DPD 

In the design of DPD system the selection of the 

pre-distorter topology is carried out firstly. In this work the 

memory polynomial has been considered which helps it for 

the good accuracy and less complexity design of DPD. From 

the above block diagram, we can see that the u(n) is pre-
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distorted in a particular manner, which can be written in 

mathematical form as,  
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Where y(n) is the complex output of the power 

amplifier, qk
d

,  is the 
th

k  polynomial coefficient of the DPD 

with 
th

q  memory and x(n) is the pre-distorted input  signal 

of power amplifier. 

A. Digital Pre-Distorter  

For the pre distortion of the signal, in this paper the Indirect 

learning architecture method has been considered in which 

the output of the PA(y) is attenuated by its gain(G) and the 

identification of the system is carried out using LMS and 

RLS algorithms. And using copy of identified coefficients 

the input signal of the PA is pre-distorted before it is given 

to the power amplifier. 

PA

1/G

Copy of DPD

DPD+e(n)

u(n) x(n) y(n)

+

-

 
Fig. 2: Block diagram of indirect learning architecture 

Where y(n) is the complex output of the power 

amplifier, 
qk

d
,

 is the th
k  polynomial coefficient with 

th
q  

memory and )(nx


 is the pre-distorted input  signal of power 

amplifier. 

IV. SIMULATION RESULTS 

A. Results for the Saleh Model:  

From the result we can see that in Figure 3 the saleh model, 

which is used for the behavioural modelling of the power 

amplifier introduce some out band distortion to the 

amplified signal. 

 
Fig. 3:  Input & Output spectrum of the saleh model 

The power characteristics of the saleh model is 

shown in the figure 4, in which the output power gets 

saturate and stops increasing and after the saturation point it 

starts decreasing. Here in our work we are varies input 

power from -20 dBm to 5 dBm. And for this power series 

the output power gets saturate at the 3dBm input power.  

 
Fig. 4: Power characteristics of the saleh model 

The gain characteristics of the power amplifier are 

given by the figure 5. Here we can see that as the input 

power gets increases the gain of the power amplifier is 

decreases.  

Our main purpose for this work is to improve the 

gain characteristics of the power amplifier with reducing the 

out band distortion which is also known as the spectral 

regrowth.  

 
Fig. 5: Gain characteristics of the saleh model 

1) Results for the DPD with different back off 

When the power amplifier backed off with 0dB input power 

then applying DPD before PA we can can get advantage of 

around 1- 2 dB, which we can see in the graph 4. 

 
Fig. 6: Spectrum of a two tone carries signal linearization 

using DPD with 0 dB back off 
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Now we have backed off the power amplifiers with 

the 3dB back off input power, in graph 5 we can see that the 

specral regrowth gets decraeses with incraesing the gain 

characteristics which can be shown in the figure 10. We can 

see that as we increasing the back off power level the 

spectral regrowth decreases and simultaneously the gain 

characteristics improve. 

 
Fig. 7: Spectrum of a two tone carries signal linearization 

using DPD with 3 dB back off 

Like wise for the 6 dB and 10 dB backoff input 

power we are getting better results in compare to the 

previous two. From the belove figure we can see that the 

spectral regrowth decreases by around 22 dBc at highest 

backoff level. 

 
Fig. 8: Spectrum of a two tone carries signal linearization 

using DPD with 6 dB back off 

For the 10 dB backoff power, after aplying DPD 

before the power amplifier we are getting highest 

improvement in gain characteristics. So as we are operating 

power amplifier with higher backoff level the ACPR and 

gain characteristics improves.  

In all the above figure we can see that the there is 

the improvement in the output signal of the power amplifier. 

The DPD is there, which calculates coefficients for the pre-

distortion of the input signal of the power amplifier. 

 
Fig. 9: Spectrum of a two tone carries signal linearization 

using DPD with 10 dB back off 

The comparison for the different back off power 

level and their performance improvements is given in the 

below table. Here we have concentrate the 1st order 

nonlinearities. From the table we can easily get idea about 

the highest performance improvement is there with the 

highest back off power level. 

Back off Pin IMD IMD-DPD 

0 3 5.83 6.97 

3 -5 5.36 11.43 

6 -9 4.62 17.684 

10 -12 3.84 22.338 

Table 1: Comparison for the different back off power level 

and their performance improvements 

V. CONCLUSIONS & FUTURE SCOPE 

From the above results we can say that when the power 

amplifier is backed off with 10dB input power the ACPR 

performance increases, which results in the degradation in 

the spectral re-growth. For the linearization of the power 

amplifiers the DPD method is easy to implement which 

gives us high accuracy than other linearization methods. 

Indirect learning architecture method can also be 

implemented using other adaptive algorithm and it can also 

be implemented on FPGA.  

ACKNOWLEDGMENT 

The authors thank all the reviewers for giving critical 

comments and suggestions for improving the quality of the 

paper. The authors like to express their gratitude towards the 

Satcom and Navigation System Engineering Division and 

the management of SAC, ISRO Ahmedabad for their 

support and encouragement during this work. Authors also 

like to express their thanks to the Department of Electronics 

and Communication, SVBIT Gandhinagar. 

REFERENCES 

[1] G. C. L. Cunha, S. Farsi, B. Nauwelaers, D. Schreurs, 

KU Leuven, “An FPGA-Based Digital Pre-distorter for 

RF Power Amplifier Linearization Using Cross-

Memory Polynomial Model” Electrical Engineering 

Department, Leuven, 3001, Belgium, IEEE,2014 

[2] Oualid Hammi, Andrew Kwan and Fadhel M. 

Ghannouchi, “Bandwidth and Power Scalable Digital 

Pre-distorter for Compensating Dynamic Distortions in 

-5 -4 -3 -2 -1 0 1 2 3 4 5

x 10
5

-100

-80

-60

-40

-20

0

20

40

 

 
X: 961.3

Y: 23.36

input and output of the saleh model with and without DPD

Frequency (Hz)

p
o
w

e
r 

(d
B

m
)

X: -4.805e+004

Y: 11.93

X: 9.905e+004

Y: 12.05

X: -4.805e+004

Y: 18

X: 9.905e+004

Y: 18.13

i/p signal

O/P of saleh without DPD

O/P of saleh with DPD

-4 -3 -2 -1 0 1 2 3 4 5

x 10
5

-60

-40

-20

0

20

40

 

 

X: 961.3

Y: 17.65

input and output of the saleh model with and without DPD

Frequency (Hz)

p
o
w

e
r 

(d
B

m
)

X: -4.805e+04

Y: -4.688

X: -4.805e+04

Y: 13.81

X: 5e+04

Y: 17.72

i/p signal

O/P of saleh without DPD

O/P of saleh with DPD



Analysis of DPD Linearizer using Indirect Learning Architecture for HPAs 

 (IJSRD/Vol. 4/Issue 03/2016/163) 

 

 All rights reserved by www.ijsrd.com 604 

RF Power Amplifiers”, IEEE transactions on 

broadcasting, Vol. 59, No. 3, September,2013 

[3] Leticia Aladr´en, Paloma Garc´ıa-D´ucar, Pedro L. 

Carro, Jes´us de Mingo, and C´esar S´anchez-P´erez, 

“High Power Amplifier Linearization Using Zernike 

Polynomials in a LTE Transmission “Department of 

Electronic Engineering and Communications Aragon 

Institute of Engineering Research (I3A), University of 

Zaragoza, Zaragoza, 50.018, Spain,IEEE, 2012 

[4] Allen Katz and Roger Dorval, “Linearizing High Power 

Amplifiers (with emphasis on pre-distortion and GaN 

devices) Linearizer Technology, Inc., 3 Nami Lane, 

Unit C-9, Hamilton, NJ 08550, IEEE,2012 

[5] Hao Lin, Taijun Liu, Yan Ye, Gaoming Xu,Yi Peng 

,Juan Zhang, Jun Li, “Optimization Design of FPGA-

Based Look-up-Tables for Linearizing RF Power 

Amplifiers “,College of Information Science and 

Engineering, Ningbo University 818 Fenghua Road, 

Ningbo, Zhejiang, 315211, China,IEEE,2011 

[6] Hong Jiang and Paul A. Wilford,” Digital Pre-distortion 

for Power Amplifiers Using Separable Functions”, 

IEEE Transaction on signal processing, Vol. 58, No. 8, 

August, 2010 

[7] Bassel F. Beidas and Rohit Iyer Seshadri, “Analysis and 

Compensation for Nonlinear Interference of Two High-

Order Modulation Carriers over Satellite Link”, IEEE 

Transaction on communication, Vol. 58, No. 6, 

June,2010 

[8] “Understanding digital signal processing”, Richard G. 

Lyons 

[9] “Adaptive Pre-Distortion for Nonlinear High Power 

Amplifiers in OFDM Systems”-PhD Thesis, By- Hugo 

Durney Wasaff, Signal Processing and Communications 

Group Department of Signal Theory and 

Communications Universitat Polit`ecnica de Catalunya 

Barcelona, February,2004 

[10] “Predistortion of quadrature amplitude modulation 

signals using volterra series approximation “PhD 

Thesis, by- Michael T. Donovan, Naval post graduation 

school Monterey, California, december, 1996 


