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Abstract — The design of reconfigurable active antennas 

requires an efficient system simulation in order to analyze the 
impact of other components on the array pattern, especially the 
Power Amplifiers (PA) effect. Therefore, the performance 
prediction of PA on Tx-Rx chains is important. This paper 
presents a behavioral model of a PA, which is able to take into 
account the load impedance mismatch with a VSWR (Voltage 
Standing Wave Ratio) up to 3. The proposed behavioral model, 
based on non-linear scattering functions, is extracted from simple 
CW measurements, and then implemented in Agilent Advanced 
Design System (ADS). Our behavioral model is validated by 
comparison with measurement results in the case of loading 
impedance mismatch (VSWR ≤ 3). Another model was validated 
(expansion of Taylor series to the second order), taking into 
account large VSWR (VSWR =3.5). 

Index Terms — AESA, Behavioral modeling, impedance 
mismatch, electromagnetic interactions. 

I. INTRODUCTION 

In the last ten years, the developments of active phased array 

antenna devices have reached a whole new level, concerning 

designs, modeling and agility. Indeed, these reconfigurable 

antennas have large advantages such as an extremely fast 

scanning rate or the ability to produce multiple agile beams 

[1]. But the problem is that active antennas may lead to a 

strong load impedance mismatch (VSWR up to 3). This 

mismatching has a strong influence on the PA in term of gain 

(AMAM) and phase (AMPM). Thus, the necessary weights 

applied to each antenna on the array in a given pointing 

direction will be also modified once introduced to the PA, 

degrading the array efficiency and its radiation performance. 

Therefore, in order to obtain an accurate Tx-system, a very 

efficient simulation tool is needed. This paper focuses on the 

development of a distinct and precise PA model, in order to 

quantify its impact on Tx-chains. However, some load 

impedances used for validation were calculated using an 

electromagnetic macro-model representing an antenna array 

[2], [3]. This macro-model takes into account the strong 

mutual coupling between the array’s antennas and allows the 

calculation of necessary weights (amplitudes and phases), in 

order to obtain an optimum radiation pattern (high gain with 

low side lobes levels), while taking into account the calculated 

load impedance (ZL≠50Ω) of each antenna in the array 

according to the frequency and the pointing angle. Then those 

calculated load impedances are used instead of the real 

antennas to define the load impedances (Zload) of the active 

circuits (PAs), in order to optimize the performances of the 

global system. 

II. BEHAVIORAL MODEL 

A. Theoretical Concept 

In the past years, several behavioral models were proposed, 

enabling to predict memory effects [4], [5] or thermal effects 

[6]. However, these models were unilateral, and dedicated to 

Data Flow (DF) simulators. More recently, efficient bilateral 

models were developed [7], using the large signal S parameter 

formalism based on non linear scattering functions [8]. In this 

paper, the behavioral model is referred to Poly-Harmonic 

Distorsion (PHD) behavioral model [7], but more simplified 

because we made the assumption that an amplifier is 

considered to work at the fundamental frequency without 

memory effects. It is defined by the following equation: 
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where ia~  and ib
~

 are respectively the incident and reflected 

power waves at the two ports. 

Considering 1
~a  as the reference wave and 12

~~ aa << , the 

development of Taylor series limited to the first order enables 

us to write (1) as follows: 
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where ( )1
~aSij  and ( )12 aTi  are the nonlinear scattering 

functions. 

We see the nonlinear mappings in this case depend only on 

a single real variable (|a1|). All the other incident wave 

dependences are linear. This is a dramatic simplification, and 

enables simple characterization and direct identification. The S 

and T terms allow the model to predict the component 

behavior for small to moderate mismatches (VSWR=3) at port 

2 at the fundamental frequency. 

Unfortunately, the reached boundaries concerning the 

VSWR were not enough, due to the problem of model 

accuracy working with large VSWR (VSWR=3.5). Therefore 



 

we expanded the bilateral model to a Taylor development of 

second order, and (2) becomes: 

 

 

 

(3) 

B. Measurement and Extraction procedures 

A measurement setup was explained in [9], which enables 

power amplifier characterization driven by radio frequency 

modulated signals (CW measurement at the operating 

frequency). Incident ( ia~ ) and reflected ( ib
~

) waves at both 

ports of the device under test can be measured in a load pull 

environment, using a VNA (Vectorial Network Analyzer) 

load-pull setup [8]. Three load impedances having an 

orthogonal position on Smith chart and corresponding to a low 

mismatching (VSWR ≤ 1.6) are sufficient to solve (2) at 

different input powers. 

In the case of second order Taylor expansion, twelve 

parameters in (3) instead of six need to be extracted. The 

extraction is carried out by measuring the four power waves 

with six distinct impedances in order to solve the system. The 

selected impedances in this case are no longer orthogonally 

located. The first measured impedance will be the Smith chart 

center and the five other impedances are selected on a constant 

VSWR circle with an argument of 72 degrees compared to the 

previous chosen one. The VSWR is between 1.3 and 1.6, and 

these values are chosen in order to have a large surface 

covered by those chosen impedances, but not large enough to 

make the system resolution unstable. 

C. Implementation 

The characterized device is an 8-14 GHz 27dBm PA from 

NEX-TEC RF, and no electrical model is provided by the 

manufacturer. Extraction and validation of the PA’s model 

have been realized in Agilent ADS in the frequency domain. 

The model has been implemented thanks to an FDD 

(Frequency-domain Defined Device) nonlinear block. 

III. NUMERICAL VALIDATION 

The fundamental AMAM and AMPM characteristics are 

compared in Figs. 1 and 2 respectively for the three extracted 

impedances. 

 

 

 

 
 
 
 
 
 

Fig. 1. Fundamental gain compression (AMAM) vs. input power 

for the extracted impedances (Z1=49.1-j·4.9, Z2=59.8+j·2.2, 

Z3=39.5+j·0.2). 1st order model (lines) compared to load pull 

measurement (symbols). 

 
 
 

 

 

 

Fig. 2. Fundamental phase variation (AMPM) vs. input power for 

the extracted impedances (Z1=49.1-j·4.9, Z2=59.8+j·2.2, 

Z3=39.5+j·0.2). 1st order model (lines) compared to load pull 

measurement (symbols). 

 

Fig. 1 and Fig. 2 show a great agreement between the 

behavioral model and the measurements. Moreover other 

experiments for different loads on VSWR=2, VSWR=3 and 

VSWR=3.5 were performed.  

Figs. 3 to 8 present the AMAM and AMPM for several 

chosen impedances on each VSWR, showing the prediction 

ability and the boundaries limitation of the PA model limited 

to the first order of Taylor series development. 

 

 

 

 

 

Fig. 3. Fundamental gain compression (AMAM) vs. input power 

for several impedances (Z1=36.8-j·27.1, Z2=35.2-j·5.8, 

Z3=56.3+j·26.3) on VSWR=2 circle. 1st order model (lines) 

compared to load pull measurement (symbols). 
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Fig. 4. Fundamental phase variation (AMPM) vs. input power for 

several impedances (Z1=36.8-j·27.1, Z2=35.2-j·5.8, Z3=56.3+j·26.3) 

on VSWR=2 circle. 1st order model (lines) compared to load pull 

measurement (symbols). 
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Fig. 5. Fundamental gain compression (AMAM) vs. input power 

for several impedances (Z1=16.2-j·0.6, Z2=20.5+j·24, 

Z3=111.6+j·61.9) on VSWR=3 circle. 1st order model (lines) 

compared to load pull measurement (symbols). 
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Fig. 6. Fundamental phase variation (AMPM) vs. input power for 

several impedances (Z1=16.2-j·0.6, Z2=20.5+j·24, Z3=111.6+j·61.9) 

on VSWR=3 circle. 1st order model (lines) compared to load pull 

measurement (symbols). 

 

Figs. 3 to 6 show a good agreement between the model and 

measurements, showing the prediction ability of the PA model 

to take into account moderate VSWR at the price of a small 

degradation of performances.  

Moreover, we expanded the boundaries of the PA model, 

using some impedances on VSWR=3.5. Fig. 7 and Fig. 8 

present the AMAM and AMPM for some impedances on 

VSWR=3.5, where we compare the first order model to the 

second order model. 
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Fig. 7. Fundamental gain compression (AMAM) vs. input power 

for several impedances (Z1=14.8+j·10.4, Z2=60.9+j·67.4) on 

VSWR=3.5 circle. 1st order model (blue symbols) and 2nd order 

model (lines) compared to load pull measurement (red symbols). 
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Fig. 8. Fundamental phase variation (AMPM) vs. input power for 

several impedances (Z1=14.8+j·10.4, Z2=60.9+j·67.4) on 

VSWR=3.5 circle. 1st order model (blue symbols) and 2nd order 

model (lines) compared to load pull measurement (red symbols). 

 

Fig. 7 and Fig. 8 show a medium degradation between the 

measurement and the model concerning the 1
st
 order model. 

This factor is due to the limitation of Taylor series 

development to the first order. However, the second order 

model shows a remarkably great accuracy between the 

measurement and the model, indicating that the first order 

model is not efficient enough and the development of the 

Taylor series were needed, in order to improve the accuracy 

and to take into account large VSWR (i.e. VSWR=3.5). 

On the other hand, final experiments were made using the 

calculated impedances obtained from the electromagnetic 

macro-model mentioned previously. These calculated 

impedances will be used instead of the real antennas to define 

the load impedances of the PA. Fig. 9 and Fig. 10 present the 

AMAM and AMPM for some calculated impedances, using 

the 1
st
 order model (VSWR obtained are less or equal to 3). 

 

 

 

 

 

 

 

 

Fig. 9. Fundamental gain compression (AMAM) vs. input power 

for several calculated impedances (Z1=20.6+j·12.7, Z2=26.2-j·0.004, 

Z3=21.6+j·18.8) using the electromagnetic analysis. model (lines) 

compared to load pull measurement (symbols). 
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Fig. 10. Fundamental phase variation (AMPM) vs. input power for 

several calculated impedances (Z1=20.6+j·12.7, Z2=26.2-j·0.004, 

Z3=21.6+j·18.8) using the electromagnetic analysis. model (lines) 

compared to load pull measurement (symbols). 

 

Fig. 9 and Fig. 10 show a good agreement between the 

model and the measurement. These results show us a first 

approach of coupling both simulation tools, which indicate the 

prediction ability of the PA model at system level with a great 

and accurate response. 

IV. CONCLUSION 

A scattering parameter approach, based on the PHD model, 

has been presented. This approach takes into account 

mismatching effects applied to a PA. It allows a good 

prediction of a PA’s behavior in the case of an output loading 

mismatch (up to VSWR=3), also useful in establishing 

predictive performances in agile array applications. Moreover, 

we have demonstrated that the first order model is not efficient 

enough for impedances on VSWR ≥ 3, where we extended the 

Taylor series development to the second order, to improve the 

accuracy and take into account large VSWR (i.e. VSWR ≥3 ).  

Finally, this static model (operating at the fundamental 

frequency), implemented in ADS, is a first approach for 

reconfigurable antenna application. The model’s abilities 

could be extended to include the memory effects and the 

prediction of thermal effects. 
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