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Abstract— In this paper we measure the input and output 

data of the power amplifier. We use memory polynomials 

and introduce Least Square approach to deduce the 

polynomial coefficients from the measured data. We 

compare the measured data with AM-AM and AM-PM 

model using memoryless and memory polynomial, three box 

model. Memory Polynomial Model Fitting to a simulated 

nonlinearity is also performed where measured data is not 

present. The simulation of performance metrics is based on 

the measurement of the autocorrelation function and the 

power spectral density of the output of nonlinearity for 

different input signals. Phase response, frequency response 

of input and output filter using three box model also 

measured. 
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I. INTRODUCTION 

In modern wireless communications systems power 

amplifiers play an inevitable role, providing the transmit 

signal level that required to overcome the loss between the 

transmitter and receiver. They also introduce problems. A 

major fraction of the power that used in system is consumed 

by power amplifier, both the required transmit power and 

loss associated with amplifier inefficiency. This 

consumption of power helps measure the battery life for 

mobile communications systems. The transmitted signal is 

distorted by power amplifier by introducing additional noise 

within the signal frequency band and generating unwanted 

frequencies in adjacent channels. Usually under small signal 

conditions, amplifiers operate as a linear device and with 

increasing drive level, it become more nonlinear and 

distorting. With increasing output power the amplifier 

efficiency also increases, hence, there is a system level 

tradeoff between the power efficiency and the resulting 

distortion [1]. Power amplifiers (PAs) are one of the major 

sources of nonlinearity in communication systems, and 

system performance can be significantly affected by their 

nonlinearity. There are various model structures have been 

widely used for both power amplifiers modeling. These 

models include look-up tables (LUT), memoryless 

polynomial, memory polynomials. In the behavioral 

modeling of wireless communication transmitters, first step 

is the selection of an appropriate model that best describes 

and accurately simulates PA performance. The choice of 

model architecture and dimensions are included in this 

selection. Several behavioral models have been developed in 

the literature, including the Volterra model, the memory 

polynomial model, the orthogonal memory polynomial 

model, the Wiener model, the Hammerstein model and the 

augmented Hammerstein model. Volterra series are only 

used to model weak nonlinear systems because it leads to 

complexity for highly nonlinear systems. Conversely, 

memory polynomials, which result from considering only 

the diagonal terms of the Volterra model, lead to a 

significant reduction in the model complexity while keeping 

reasonable modeling accuracy and performance, memory 

polynomial models are the most widely used structures for 

PA modeling and digital predistortion[2]. 

Behavioral modeling is generally used to 

characterize a complete nonlinear system or a very large 

section of such a system, in terms of input and output 

signals using relatively simple mathematical expressions. In 

this kind of system-level model, the modeled device is 

considered as a “black-box,” i.e., in principle, knowledge of 

the internal structure is not required and the modeling 

information is completely contained in the external 

responses of the device. Also, the parameters of the model 

can be effectively developed from measured transient 

responses or simulated results from detailed reference 

transistor-level models[3].Behavioral modeling is often used 

in PA nonlinear modeling because it produces a 

computationally efficient means by relating input and output 

signals without resorting to a physical analysis of a system. 

To develop a behavioral model for a PA system, we measure 

the nonlinear behavior of a PA, and extract model 

parameters based on a predefined model architecture. This 

model is used as a mathematical description of the PA 

nonlinearity in the analysis of communication systems 

[4].We represent a measured input and output data of a 

power amplifier (PA).When compared this data with an 

AM-AM and AM-PM model. We conclude that a more 

sophisticated PA model is required to cope with severe 

memory effects. It is beneficial to use memory polynomials 

and introduce Least Square approaches to deduce the 

polynomial coefficients from the measured data. We 

proposed PA models according to this approach, using the 

measured data[5]. 

II. NONLINEAR MODEL FITTING TO MEASURED DATA 

A. Fitting a Memoryless Polynomial Model to Measured 

Data 

To evolution of the model coefficients of an envelope 

power-series model of the form 
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The input power of the single tone signal is swept 

in M power steps and the amplifier output is measured at 

each power step. Consider xi where i ≤ M, be the data points 

attained by sweeping the input power and yi be the measured 

as the amplifier output at the ith power step, then the 

polynomial model can be developed with least square 

method. Amplifier characteristics can be produced from S21 

measurements of a nonlinear amplifier using a Vector 

Network Analyzer (VNA). The S21 vs. input power 

measurements are done by sweeping the input power of a 
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sinusoid at a given frequency f0 in steps and the S21 

parameter measurement that define the complex gain of the 

amplifier at each power step. Hence, an amplifier 

characterized by its AM–AM and AM–PM conversions as: 
( ( ) ) ( )

( ) ( ( ) )
j x t t

y t F x t e
   

   (2) 

Here F and   define the AM–AM and AM–PM 

conversion characteristics at a given fundamental frequency 

f0, these characteristics can be expressed in terms of the 

complex gain of the amplifier as 

( ) ( ) ( ( ))y t x t G x t   (3) 

Here G is a complex gain function represented as 
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The amplifier complex gain G is the S21 amplifier 

parameter under test and can be calculated versus either 

input power level or the input frequency. For developing a 

nonlinear model, the input power is swept and the 

corresponding complex gain is measured at each power step. 

It is being noted that the measured characteristics are power 

measurements and not voltage measurements.  

 
Fig. 1: Polynomial fitting to measured data: AM–AM 

 
Fig. 2.   Polynomial fitting to measured data: AM–PM 

To convert the power to voltages measurements, it 

is assumed that the amplifier characteristics have odd 

symmetry (Vo(−Vin) = −Vo(Vin)) and thus, only odd-order 

envelope coefficients can be produced from measurements. 

Fortunately, the inter modulations and cross-modulation 

components that lie inside the bandwidth of the input signals 

are contributed by the odd-order components.Figure1 

represents measured and fitted AM–AM and figure2 

represents AM–PM characteristics of a nonlinear amplifier. 

Table1 shows the Polynomial coefficients using LS of 

power-series model obtained from the nonlinear 

characteristics. 

Coefficient Value 

b1 -3.82247168285272 - 10.7462308152249i 

b3 97.5739961737821 + 81.6631355772770i 

b5 -685.179504416512 - 293.302279614494i 

b7 1254.45828178398 - 246.118885533884i 

Table 1: Estimate the Polynomial Coefficients using LS 

As shown above we measure the measured and 

modeled AM-AM and AM-PM nonlinear characteristics by 

using memory less polynomial model with order N=5.Least 

square approach is used to deduce polynomial coefficients 

from measured data. 

B. A Three-Box Model Fitting to Measured Data 

As studied earlier, Parameter extraction of three-box model, 

where the transfer functions of linear filters can be attained 

by measuring the gain characteristics at saturation Hsat(f ), 

for example at the 1-dB compression point, and measuring 

the small signal linear frequency response Hss(f ).  

 
Fig. 3: Phase response of the PA using three box model. 

As an example, measured amplifier characteristics 

used earlier are used to develop the three box model 

parameters. The transfer functions Hss(f) and Ht(f ) are 

attained from S21 of the amplifier at a low power level 

(−20dBm) and at the 1-dB compression point (−8dBm input 

power approximately).The transfer functions of linear 

filters, H1(f) and H2(f), can be calculated from the measured 

transfer functions of filter. The measured frequency 

responses Hss(f) and Hsat(f) are shown in Figure 3.One of the 

assumptions behind the procedure of model extraction is 

that the phase-frequency response is linear.  

 
Fig. 4: Frequency response of the input linear filters in a 

three-box model 

 
Fig. 5: Frequency response of the output linear filters in a 

three-box model 
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As shown in Figure 4 and Figure 5, this response is 

for the amplifier under test, where it is clear that it is 

actually linear across the band. Figure 6 and figure 7 shows 

polynomial fit to AM-AM and AM-PM characteristics 

generated using three box Model at 2450MHz frequency 

 
Fig. 6: Polynomial fit to AM-AM characteristics generated 

using three box Model 

 
Fig. 7: Polynomial fit to AM-PM characteristics generated 

using three box Model 

As shown above we measure the frequency 

response of nonlinear power amplifier by using three box 

model assuming that phase response is linear. We also 

measure the frequency response of input linear filters and 

frequency response of output linear filters. Then we measure 

the measured and modeled AM-AM and AM-PM nonlinear 

characteristics using three box model. 

C. Memory Polynomial Model Fitting to a Simulated 

Nonlinearity 

To simulate nonlinear systems, if measured data is not 

present, usually a simulated nonlinearity is attained using 

any of the empirical nonlinear models described earlier. The 

same procedure is followed except the complex gain data 

produced from simulated nonlinearity. A memory 

polynomial model can be expressed as 
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Here 
1
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 and P define the memory 

depth.  

The single-tone signals, with memory polynomials, 

cannot be used as test signals as they represent a single 

frequency while the model represents wideband effects.  

 
Fig. 8: Predicted output signal of a memory polynomial 

 
Fig. 9: Magnified view of predicted output signal of a 

memory polynomial 

For the evolution of parameters of memory 

polynomial, a WCDMA signal is used as a test signal where 

nonlinearity with memory is applied and the memory 

polynomial coefficients extraction is based on fitting the 

model to time-domain data.  

Coefficients Value 

a_kp1 -0.284553436071144 -0.136897877984409i 

a_kp2 4.188128330850884 + 0.983597062356969i 

a_kp3 
-12.032268917745421 

+3.638700690441855i 

a_kp4 2.958220754010096 + 2.051896262640126i 

a_kp5 
-21.768485668405950 - 

3.109727924198698i 

a_kp6 57.092660462197210 -13.924046824128048i 

a_kp7 5.530887247802472 + 2.970654975702638i 

a_kp8 
-51.815109428156680 

+6.454481839233714i 

a_kp9 185.947193329515-58.1618879613221i 

a_kp10 -0.935655794472784 - 1.240944392946121i 

a_kp11 -4.097323595201070 - 4.025077018830213i 

a_kp12 -2.151083797548381 + 4.917638361768471i 

a_kp13 1.122283105769693 + 1.254713160809100i 

a_kp14 0.917165810230431 + 1.550573330307535i 

a_kp15 0.848454361538093 - 1.862299357389689i 

Table 2: Memory Polynomial Coefficients 

As shown above we measure the simulated and true 

output by obtaining simulated nonlinearity using one of 

empirical models with memory polynomial model. 

Magnified view of predicted output signal of a memory 

polynomial is also measured. Memory polynomial 

coefficients extraction is performed based on time domain 

data. Figure 8 shows the predicted output of the nonlinearity 

and the predicted output using a memory polynomial with N 

= 8 and P = 5. Table 2 shows the coefficients of the memory 

polynomial. 
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III. CONCLUSION 

In this paper we presented the measured and modeled data 

of nonlinear Power Amplifier. Model of PA is based on 

memoryless polynomial, memory polynomial and three box 

model. Frequency response of linear input and output filters 

and phase response is also measured using three box model. 

Nonlinear model fitting to measured data is performed using 

memoryless polynomial, three box model and memory 

polynomial model fiiting to simulated nonlinearity is also 

performed. It is proposed that nonlinear model fitting to 

simulated nonlinearity using memory polynomial model 

gives better results with higher order but it increases the 

complexity. Three box model of PA reduces the complexity 

of nonlinear model.      
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