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ABSTRACT 

 

Advances in Nonlinear Phased Arrays 

 

by 

 

Paolo Francesco Maccarini 

 

For centuries the synchronization phenomena have been drawing attention in 

several fields of science. In the past few decades the radar industry and 

communication market recent motivated recent progress in microwave nonlinear 

phased arrays based on nonlinear synchronization phenomena. Two main types of 

arrays will be considered: coupled oscillator arrays (COAs) and coupled phase-locked 

loop arrays (CPPLAs). The first to be studied were COAs, but their limitations, 

mainly intrinsic small locking bandwidth, amplitude fluctuations and limited 

agreement between unit cells and models, drove recent efforts towards CPLLAs, 

which with appropriate models are more predictable than COAs and offers larger 

locking range and amplitude-independent phase relationships. After a brief 

introduction, the dissertation will describe these two types of arrays together with the 

recent findings associated with the improved understanding of their performances. 

The two offer similar advantages, such as phase-shifterless beam scanning and noise 

reduction, as well as analogous challenges, for example the modeling and consequent 
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design of unit cell and coupling schemes at microwave frequencies. In COAs 

advanced studies of the ideal models were able to predict the observed chaotic 

patterns and the transient phase evolution. Recently, in CPLLAs the addition of a 

loop time delay enhanced the model of the single PLL far enough to predict the lower 

and upper boundaries for the loop gain. Additionally, the length of the coupling line 

together with the sign of the IF loop gain was proved to be an important factor in the 

transient and the steady-state phase distribution along the array. From the 

understanding point of view, a continuum modeling has been developed for both 

systems which confirms the results of the discrete analysis and highlights new 

features of the transient behavior of such arrays as the synchronization diffuses 

following a heat transfer behavior. Being governed by strongly nonlinear dynamics, 

still a lot needs to be understood about these synchronized arrays: the aim of these 

research was to show that, together with some limitations, they also present 

interesting properties that future research may exploit.  
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