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1. Title of the Project: Development of integrated miniature magnet-free microwave 

circulator 

2. Date of Start of the Project: 01.10.2021 

3. Aims and Objectives: Design and development of miniature magnet-free microwave 

circulators using Varactors and Resonators.  

4. Significant achievements (not more than 500 words to include a List of patents, 

publications, prototypes, deployment, etc) 

a) Two designs of magnet-free microwave circulators are realized in Microwave 

Integrated Circuit (MIC) Technology using off-the-shelf discreet components, and 

they were tested and demonstrated the circulator responses. 

b) Using ferroelectric thin film-based reactors and Resonators, the above designs can 

be further miniaturized in Microwave Monolithic Integrated Circuit (MMIC) 

Technology. For that, the Varactors and HBAR resonators are realized. Most of the 

process steps for FBAR resonators have also been completed. The design for the 

monolithic realization with these resonators and Varactors has reached its final 

phase. It can be frozen only after seeing the results of some of the ongoing MIC 

realizations. 

c) Using their successful devices, A Fab-compatible design is being worked out using 

the Process Design Kit (PDK) of GAETEC, Hyderabad. Once it is completed, a 

formal proposal will be submitted to GAETEC with proposed DRDO funding to 

realize these devices in the GAETEC foundry. Once that is done, these devices will 

be industry-ready. At least 2 cycles of test runs are required. This was not the 

original objective but became possible with the insights garnered over the last 3 

years. 

d) A breakthrough is achieved in bringing down the crystallization temperature of 

these ferroelectric thin films from 700° C to 250°C. It was done through Laser 

 



Induced Crystallization. This lowering of temperature made these active oxide films 

compatible with a wide range of substrates and processes hitherto not possible.  

 

 

(a) 

 

(b) 

Photograph of fabricated devices (a) Four port magnet less circulator using sequentially 

switched delay line technique (b) Three port circulator using angular momentum biasing 

technique  

 

5. Concluding remarks: This Fellowship is an extremely commendable initiative that 

needs to be highly appreciated. This great morale booster makes us work to make the 

impossible possible. The work was planned with a 5-year duration in mind, as 3 years 

is too short for such challenging objectives to be met. Within 3 years, the progress made 

is commendable. If 2 more years are granted, the remaining objectives also could be 

achieved. 

 

 



Patents Awarded: 

1. J.P.Goud, K.C.James Raju et.al, “A laser-based method to crystallize 

ferroelectric thin films at sub 300oC temperatures and demonstration of its 

application by realizing tunable microwave devices on substrates that are 

crystalline and amorphous.” Patent Awarded. Patent No. 499324. Awarded on 

27.2.2024. Filed on 27/02/2019.  

2. Provisional Patent filed: Title: “Fabrication of microwave varactors on 

polymer substrates using low-temperature crystallized ferroelectric thin 

films”, Inventors/Authors: Akhil Raman T S, Chedurupalli Shivakumar, K.C. 

James Raju, Application Number: 202241032453, Application Date: 7-June-

2022. 
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Visitor’s (President of India) 
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Rashtrapathi 

Bhavan 

2023 

Institute of Physics Fellow (IOP) UK & Ireland.  
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