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The aim of this project is to fabricate and characterize a Cold-Electron Bolometer (CEB) coupled to a 4-probe antenna using unique nanofabrication facilities of the MC2 clean room. This ultra-sensitive bolometer is aimed to for radioastronomy balloon telescope BOOMERANG for observation of polarization of Cosmic Microwave Background.  The CEB with antenna will be fabricated on SiN membrane for better RF coupling with incoming 350 GHz signal.
The CEB is based on direct electron cooling of a small nano-scale absorber by using an SIS´  (Superconductor-Insulator-Weak Superconductor) or SIN tunnel junctions. The CEB is the most promising concept of bolometers for supersensitive receivers in radioastronomy due to advanced operation at electron temperature less than phonon temperature.
The CEB is a turning point in detector development from artificial heating for a previous concept of the Transition-Edge Sensor to direct electron cooling with proper improvement of noise properties and dynamic range of operation. The work will be done in Bolometer Group of the QDP laboratory
http://www.chalmers.se/mc2/EN/laboratories/quantum-device-physics/research/bolometer
This project is a part of the collaboration programme with  Cambridge, Oxford and Rome Universities on development of the Cold-Electron Bolometer (CEB)  for radioastronomy telescopes BOOMERANG, CLOVER  and space telescope B-Pole http://www.chalmers.se/mc2/EN/laboratories/quantum-device-physics/research/bolometer/collaboration/cambridge
We are the only provider of bolometers for BOOMERANG project and students could be directly involved in the hottest topic of Cosmology Experiments.

These projects are direct prolongation on the detection of the anisotropy of the Cosmic Microwave Background (CMB), which was awarded with the Nobel Prize in Physics for 2006 “for their discovery of the blackbody form and anisotropy of the cosmic microwave background radiation”. That work enables us to look back to the infancy of the universe, and attempts at understanding the origins of galaxies and stars. The aim of the BOOMERANG and CLOVER projects is to discover gravitational waves in the early universe, and to search for the so far unknown "dark energy" and "dark matter", which is believed to account for the largest part of the mass in the universe. Successful students on this project can help out to bring about the next breakthrough in our knowledge about the early Universe, 13.7 billion years ago!
The students will first learn to do  electron-beam lithography. The electron-beam lithography procedure will include all the steps starting from a design or pattern created in a CAD File, and then conversion of this pattern to JEOL format which the e-beam machine can recognize, and then preparation of the sample for exposure (i.e. spinning and baking of the resists) and finally exposure using the e-beam machine and developing of a pattern.

Then the sample will be cleaned in a plasma process.

The next step that the students will learn is creation of the tunnel junction structure. This is achieved by the shadow-evaporation technique. 
The metals will be thermally evaporated under different angles. The first is Al evaporation in oxygen atmosphere or with another normal metal (to create a weak superconductor) at the angle of 0 degrees, and then oxidation of Al (to create the oxide), and finally evaporation of a top layer of Al at the angle of about 50 degrees. A lift-off process will then be done to remove the resists and the unwanted metals. After that, a waveguide hole will be etched in Si using RIE plasma process to keep only thin SiN membrane supporting the main bolometer structure.
The final task will be to characterize the bolometer in a 3He cryofree refrigerator at a temperature of 280 mK. The characterization will include measuring current-voltage dependences, the voltage response,  estimation of the Noise Equivalent Power (NEP) of the bolometer and polarization selectivity of 4-probe antenna.
The results will be summarized in the form of a report and could be presented for publication.
The general information about FKA190 course in Bolometer Group can be found at

http://fy.chalmers.se/~kuzmin/TEACHING/FKA190/ 
The Project work can be prolonged as a Diploma Work. The diploma work would suggest fabrication of samples and preliminary DC and RF characterization of them at Chalmers.  Then final testing will be done in Cambridge, Oxford or Rome with possible participation of the diploma students.

Further PhD study at Cambridge University, Oxford University or at Chalmers University can be discussed. 
http://www.chalmers.se/mc2/EN/laboratories/quantum-device-physics/research/bolometer/collaboration/cambridge
We especially invite students thinking about possible prolongation as diploma students. We very recommend to follow the best example of Gustav Pettersson and David Gustafsson who prolonged their research in our group, achieved world record sensitivity of the SIN thermometer, http://www.mc2.chalmers.se/news/newsdetail.xml?id=3996 ,

 published their results and got MC2 Education Award! http://www.chalmers.se/mc2/EN/education/undergraduate-education/previous-mc2-education_1
- To get full impression about content of the project and creative atmosphere in the Bolometer Group, we would very recommend to see a movie “Adventures of Physicists” created by a student Alar Ainla and his team of SuperStars. The movie was fully created by initiative of students in process of a Microfabrication course and give impression of real inspiration atmosphere inside the Group

http://fy.chalmers.se/~kuzmin/TEACHING/FKA190/ (open Movie.wmv)

Literature:

Leonid Kuzmin, “A Superconducting  Cold-Electron Bolometer with SIS´ and Josephson Tunnel Junctions”. Accepted to Journal of Low Temperature Physics.  https://publications.lib.chalmers.se/cpl/record/index.xsql?pubid=53470
Leonid Kuzmin, “Array of Cold-Electron Bolometers with SIN Tunnel Junctions for Cosmology Experiments”, accepted to Journal of Physics: Conference Series (JPCS).
https://publications.lib.chalmers.se/cpl/record/index.xsql?pubid=53473
Leonid Kuzmin,

Associate Professor

Department of Microtechnology and Nanoscience

Tel: +46 31 772 3608

Mobile: +46 768 98 5404

e-mail: leonid.kuzmin@mc2.chalmers.se

WWW: http://www.chalmers.se/mc2/EN/laboratories/quantum-device-physics
http://fy.chalmers.se/~kuzmin/
