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Abstract:
This work presents a unique design method and 
optimization of high frequency magnetic patterns with 
controllable effective permeability and ferromagnetic 
resonance behavior for integrated microwave devices. 

properties of the pattern array has been realized by 
changing pattern spacing, showing a FMR tuning range 

Noise suppression and inductance enhancement at high 

RF applications by integrating the proposed magnetic 
pattern array with coplanar waveguides (CPW). Our 

for designing high frequency integrated magnetic 
microwave components.

Summary of Research:
Fast growing demand of higher data rate, low latency, 
high quality of service in wireless communication 
systems calls for RF front-end devices that are frequency 
agile, miniaturized and multifunctional. Novel materials, 
structures and technologies have been explored to 
improve performance and bring new functionality for RF 
devices. Integrating high-performance novel magnetic 
materials into on-chip RF devices shows promising 
results in enhancing inductance, miniaturizing devices, 
suppressing interference and achieving non-reciprocity 
and tunability. Previous works have demonstrated the 
application of integrated magnetic materials in inductors, 

However, integrating magnetic materials for high 
frequency applications is particularly challenging. 
Limited by the relatively low ferromagnetic resonance 

(FMR) frequency, radio-frequency (RF) devices 
(e.g., on-chip inductors) integrated with common 
ferromagnetic materials consistently operate only at 
sub-GHz or up to a few GHz. While the FMR frequency 

approach reduces the permeability of magnetic materials 
due to an intrinsic FMR-permeability tradeoff, therefore 
limiting the device performance. In addition, integrating 

microwave circuits is highly impractical. Finally, the 
high loss of most ferromagnetic materials, especially 
near FMR frequency presents additional challenges for 
their device integration. Thus, novel magnetic materials 
with controllable high frequency characteristics are 
highly desired in microwave applications.
Previous work has shown promising results of improving 
FMR to a few GHz by patterning ferromagnetic thin 

optimization of the magnetic pattern array has been 
proposed. In this work, we dramatically increase the 

established to independently control and optimize the 
FMR r) of the patterned array 

by changing pattern spacing along two orthogonal axes. 
The proposed magnetic pattern array was integrated with 
CPWs to demonstrate its high frequency RF application 
for noise suppression and inductance enhancement. Our 
optimization approach allows for the facile design of 
integrated microwave magnetic components.

Conclusions and Future Steps:
In this work, we demonstrate design, tuning and 

arrays for high frequency MMIC applications. The 
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FMR frequency of high permeability ferromagnetic 

and a design method is proposed to independently tune 
the FMR, effective permeability of the magnet pattern 
array for optimal integrated device operation. The 
proposed pattern arrays were integrated with CPWs to 
experimentally demonstrate their RF applications as 
noise suppressors and inductors. Our method is highly 
versatile and provides a high degree of freedom for 
designing high frequency tunable magnetic properties 
for integrated microwave systems. In the future, we 
will implement a magnetic fully integrated inductor that 
works that high frequencies, and achieve tunability via 
magnetoelectric coupling.
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