R&D Report to OTC, December 2007

October 1 of this year marks the beginning of the R&D program that is intended to grow over the next few years from its FY08 budget of $200K.  The core theme is “radio cameras” or, more specifically, centimeter-wave beam-forming arrays.  This is a report on activities so far.

After consultation with Jim Ulvestad, Head of the NIO, and Richard Prestage, Green Bank Site Director, we decided that beam-forming arrays are within the scope of NRAO contributions to SKA so most of Roger Norrod’s half-time assignment to SKA can be devoted to this effort.  We hoped to add half-time research engineer from the CDL to the R&D program this year, but John Webber tells us that the production demands of ALMA will not free anyone in FY08.  We are looking into the possibility of offering a short-term visiting appointment to a PhD-level engineer with experience in relevant technology.  Hopefully, we can engage the interest of CDL research engineers on an informal basis.
The biggest impetus to this effort has come from our BYU collaborators, who built a 19-element dipole array and installed it on the 20-meter dish in Green Bank.  Preliminary results from their test session in early November showed that they could calibrate the array on a strong point source (Cygnus A) using a covariance matrix optimization for best SNR.  This algorithm gave a 39% increase in Cyg A to Tsys ratio over that measured with the central dipole alone.  Array calibration has been an issue for which we did not have a clear solution, and the BYU group may pointing us in the right direction.  They also demonstrated effective RFI cancellation with the array beam-forming algorithms with constraints on main beam and sidelobe gain to minimize side effects on the astronomical measurements.  They still have a lot of data to analyze from this run.  Their array had a fairly high system temperature of about 120K, but it’s a start.  They intend to install lower noise room-temperature LNA’s to reduce Tsys below 50K and add the second linear polarization for more trials on the 20-meter, possibly in the spring.  They have submitted an ATI proposal to the NSF to continue this work when their current grant expires at the end of FY08.  Norrod and Fisher are Co-PI’s on this proposal.  More information about the BYU-20meter experiment project is available at:

http://wiki.gb.nrao.edu/bin/view/Electronics/ByuFpa   and
http://wiki.gb.nrao.edu/bin/view/Electronics/ResultPresentations

The NRAO side of this collaboration on beam-forming array research primarily addresses low-noise issues and validation of electromagnetic simulations of array performance on the antenna range.

Because the LNA’s are closely coupled to the array elements, the whole array probably needs to be cooled and, unlike horn feeds, the entire forward hemisphere of the feed must be clear of lossy and conductive materials.  This presents a challenging thermal isolation problem.  Our first experiments will attempt to draw a vacuum in a cavity hollowed out of low-loss foam that has been used for waveguide vacuum windows.  If this is successful, we’ll try cooling an L-band dipole in this cavity to measure its heat load.  Simulations with the CFdesign thermal analysis software suggests that heat loss through foam in contact with the dipole will be excessive, but radiative loading in the vacuum should be tolerable.
Another thermal issue that needs to be addressed is how much of a noise penalty will we suffer from cooling the array to 50 Kelvin physical temperature instead of 15 or 20 K.  For a given cooling capacity, 50 K refrigerators are much smaller and lighter than the 15 K Gifford-McMahon that we are currently using.  We purchased a Sunpower CryoTel Model GT Stirling cycle unit for evaluation, and we are in the process of building a Dewar for it in Green Bank.  Before making this purchase, Norrod, White, and Fisher visited the Sunpower plant in Athens, Ohio to learn more about the technology and discuss possibilities for lower temperature Stirling cycle designs.  They built an experimental unit on a NASA contract that achieved better than 30 K, but it required a rare-earth regeneration material that is too expensive to produce for small quantity applications.  A two-stage device is a possibility but requires a substantial R&D contract to determine its feasibility.  We need to determine the noise performance vs physical temperature trade-offs for our applications before talking further with Sunpower.  Information on the Sunpower refrigerators can be found at:
http://www.sunpower.com/index.php?pg=79
To evaluate the computed electromagnetic properties of our beam-forming arrays we need to enhance the efficiency of the Green Bank outdoor antenna range.  This facility is in need of a substantial overhaul so several engineers from Green Bank and Charlottesville met in November to discuss plans for upgrading the range’s capabilities.  We need to be able to measure at least 37 array element patterns simultaneously and automate the turret, frequency generators, and polarization rotator so that data can be acquired and processed reasonably quickly and efficiency.  This upgrade will extend at least through next summer.  Because the array elements are low gain, wide beamwidth devices, we need to characterize the antenna range for errors due to reflections from surrounding structure and, if necessary, take steps to mitigate them.
