5.3 Developing world class instruments and components

The Central Development Laboratory (CDL) of the NRAO is a center of excellence which provides engineering development and production of unique instrumentation for radio astronomy and physics research.  Components and devices produced by the CDL are central to achieving the sensitivity of modern radio telescopes, and they have been incorporated into most radio telescopes around the world.  Without these developments, improvements in radio-telescope instrumentation would drastically decline.

Successful development by the CDL of an InP-based low-noise amplifier at 90 GHz (( = 3.3 mm) was crucial to Goddard Space Flight Center’s obtaining funding for the Wilkinson Microwave Anisotropy Probe satellite (WMAP).  The CDL developed and produced all 80 space-rated amplifiers (plus 40 prototypes and spares) covering the five WMAP bands, and these were the core technology which enabled this highly successful mission.  Other CMB instruments using NRAO low-noise amplifiers include the Degree Angular Scale Interferometer (DASI), the Very Small Array (VSA), the Cosmic Background Imager (CBI), and the Berkeley Illinois Maryland Association Sunyaev Zeldovitch Array (BIMA SZA).
At frequencies below 1 GHz (( > 0.3 m) CDL balanced HEMT amplifiers have been used in the investigation of single-electron transistors 

(http://marcuslab.harvard.edu/jc/reilly0505.pdf) and in the ongoing search for axions (http://www.phys.ufl.edu/~tanner/PDFS/Axion04prd-DYu.pdf).

The Superconductor-Insulator-Superconductor (SIS) tunnel junction mixer is the most sensitive heterodyne detector in the range ~100 GHz to ~1 THz (3 mm < ( < 300 μm).  CDL staff led the development of Nb-based mixers, which are now the standard.  Years of development work, most recently for ALMA, have led to sideband-separating mixers which are the basis for the ALMA receivers in the ( = 3 mm (84–116 GHz), ( = 1.3 mm (211–275 GHz) and ( = 0.9 mm (275–370 GHz) bands.  Because they reject atmospheric noise in the image sideband, system noise temperatures on the sky are minimized.  These SIS mixer designs are inherently broadband in both RF and IF, require no mechanical tuners, and achieve record-low noise temperatures.  For focal-plane array receivers and beam-forming array receivers in which many mixers are driven by a common LO, balanced SIS mixers are being developed in a joint ARO/UVML/NRAO project funded primarily by ARO.  Balanced mixers require ~50 times less LO power than a conventionally operated single-ended mixer, and are therefore crucial for large heterodyne receiver arrays.  The CDL is now working with UVML to develop NbTiN mixers for use at ( < 380 μm ( > 800 GHz); success in this project  will put NRAO in a strong position to bid on ALMA Band 10 receiver production.  
Digital auto- and cross-correlators are the heart of digital data processing for all radio telescopes.  The CDL has been a world leader in the development and construction of such systems, including the ALMA correlator which performs 1.7 × 1016 multiply-and-add operations per second using a custom chip designed at the CDL.
Phase shifters covering full waveguide bands developed at the CDL have made possible the realization of receivers with circular polarization at frequencies higher than 8 GHz. Full waveguide band feeds above 8 GHz as well as octave bandwidth feeds for 1-2, 2-4 and 4- 8 GHz frequency ranges have been successfully developed and fabricated. This helps telescope developments both at Socorro and at Green Bank.
Significant instrumentation development also goes on at the Green Bank and Socorro sites.  Much of the instrumentation on the GBT (including receiver front-ends, the CCB with university collaborators, and the analog fiber IF system) were developed by the Green Bank staff using CDL and commercial components and in-house expertise.  The only psuedo-correlation (WMAP-like) receiver in use on NRAO telescopes, the 26-40 GHz GBT receiver, recently finished its first observing season and continues to be refined. Significant progress has been made improving the GBT surface, pointing, and spectral baselines - and the areas of advanced servo control, antenna metrology, and improved receivers continue to be actively pursued.

 
Engineers in Socorro have developed Ortho-Mode Transducers (OMTs) for three of the EVLA frequency bands.  OMTs are used to separate the incoming signal into two orthogonal polarizations.  The EVLA devices are among first devices of their kind operating with low noise and high polarzation purity over a 2 to 1 bandwidth ratio.  NRAO's device will likely be superior to a similar part made for the MERLIN array in the UK.  These EVLA OMTs make use of a series of shorting pins between opposite fins of a quad-ridge polarizer to eliminate trapped modes which causes strong frequency dependent artifacts. For the large 1 to 2 GHz part cooling to about 60K is a big challenge; the one-quarter sized 4 to 8 GHz part contains very small parts and thus has stringent construction tolerances. However, an even smaller version may be used for the 8-12 GHz band as well.  Without such devices more feeds would be required and continuous frequency tuning from 1 to 50 GHz would not be possible on the EVLA. 
A radiometer designed to measure the strength of the 22 GHz water line is being developed in Socorro.  Radiometric measurements made at each VLA antenna can be used to derive phase corrections that will improve imaging performance at frequencies above 10 GHz.  Tests over the last few years using prototype devices on two VLA antennas have demonstrated reduction in phase errors by up to a factor of 3.  Second generation prototypes using MMIC devices for reduced size and cost are due to be tested in the near future.

Many aspects of research, development, and production are not suitable for commercial development.  For example, there is little industrial experience with cryogenic receiver systems, which are required for the lowest possible noise, because the market is very small. Developments at the CDL and other NRAO sites benefit the radio-astronomy instrumentation community worldwide because the NRAO regularly shares designs, collaborates on development projects, and builds components for other radio telescopes on a cost-reimbursement basis.

