RESEARCH SERVICE QUALITATIVE REQUIREMENT

Design and Development of Tunable RF Filters based on Ferroelectric Thin Films by Sputtering
1. 
Title of CARS: Design and Development of Tunable RF Filters based on Ferroelectric Thin Films by Sputtering
2.
Main objective of work: Use suitable modeling tools to design tunable RF filters in the X and K-u band and fabricate the same using ferroelectric thin films deposited using RF sputtering as well as films deposited using PLD in DMRL.Characterization of the films & prototypes at microwave frequencies.
3. Background: Defence Metallurgical Research Laboratory has been engaged in the development of device quality ferroelectric thin films using PLD.Tunable RF filters are in demand by the modern multi band wireless transceivers. Tunable filters can be designed based on their realization of lumped or distributed version. At low frequencies like in the range of few hundreds of MHz to few GHz, it is advantageous to use lumped elements. A lumped element RF filter comprises of inductors and capacitors. The tunable filter can be designed using variable capacitors or inductors or both. Tunability of the filter can be achieved mechanically or electronically. However, electronic tuning is more suitable by using tunable capacitors. Tunable capacitance can be obtained using ferroelectric materials whose dielectric constant can be varied upon the application of dc voltage.The objective of the proposed project is to develop cost effective tunable RF filters and the work is divided into 6 tasks that are briefly summarised below.The objective of proposed project is to develop cost effective tunable RF filters and the work is divided into 6 tasks that are briefly summarised below:
1st Task:Optimization of sputtering deposition parameters for ferroelectric thin films such as BST on polycrystalline alumina substrates and platinized Si substrates, SrTiO3 etc.
2nd Task:Structural, thickness and morphological characterization of thin films by using XRD,  Dektak, SEM and AFM.

3rd Task:Fabrication of MIM capacitor and measurement of dielectric constant, losses and leakage current.

4th Task:Design of tunable filters using Simulation tools such as ANSOFT HFSS and ANSOFT Designer and their prototype fabrication.
5th Task: Fabrication of planar interdigitated capacitors (IDC) using lithography and lift-off techniques.

6th Task: Testing of tunable filters, making a prototype device capable of functioning in the X-band and K-u bands, respectively, to validate the design(s). Design of tunable filters with at least 40 % tunability for an applied field of 12 V/µm and high quality factor (in the range of few GHz would be required loss tangent ~0.2 & Q ~ 20, or better). Detailed specs.are given at Appendix-A* and these will be reviewed from time to time depending on the initial results.
Thin films of BST and similar materials on various substrates will be supplied by DMRL from time to time, to evaluate the same as well as to fabricate fully functional prototyes.
4. Deliverables: A detailed report giving the results of modeling and experiments on ferroelectric thin films and prototype devices mentioned earlier.

5. Time Schedule: The work stated above should be executed in 24 months.

6. Report preparation and submissions:  Progress report should be submitted bi-annually.  At the end of the project, a comprehensive report should be submitted to DMRL. Report shall contain full details of process optimization, simulation studies, prototype development and characterization thereon.
7. Justification for sending invitation: This area is a highly specialized area and requires cutting edge facilities for experimental investigation and modeling of ferroelectric thin films and their microwave characterization.  In this context, it is proposed to outsource the study of design and development of microwave prototype devices to prospective academic institute like IITs and IISchaving requisite knowledge and facilities to undertake this work.  Proposals from only those with proven expertise, substantiated by past publications, prototype design and development will be considered.
APPENDIX-A
Broad specifications of the filters proposed to be developed:

X-Band : 8.7, 9.6, 10.5, 11.5 with Bandwidth 3% (narrowband)-30% (broadband)

Ku Band: 14.2, 14.5, 15.5, 16.5, 16.9, 17.1 with 200 MHz bandwidth and 

Tunability 40% for an applied field of 12 V/µm and high quality factor (in the range of few GHz would be required loss tangent ~0.2 & Q ~ 20, or better.
Insertion loss: 1/1.5 dB

Return loss better than 17 dB

Rejection 60 dBc at stop-band

Power handling capacity 1W(min) CW

Operating temperature: -40 to + 70OC

Input/output impedance: 50 Ohm
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