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The University of Calgary Radio Astronomy Lab (UCRAL and the Herzberg Institute of Astrophysics (HIA) have significant technical expertise that will be of benefit to this project.  Particular items that we have identified as possible Canadian contributions to the K-band Array Receiver are: 1) the data processing pipeline, 2) design and fabrication of the cold stage, low noise amplifiers, and 3) construction of the integrated downconverter module.  In addition to the technical expertise and in-kind contributions to this project, the UCRAL is willing to contribute up to $100K (CAD) in matching funds.  Additional funding beyond this level would be contingent upon a successful proposal to a Canadian funding agency.

1) Data Processing Pipeline for Imaging with a Feed Horn Array

UCRAL is leading a consortium to carry out an all-Arecibo sky imaging spectro-polarimetric survey using the ALFA feed horn array on the Arecibo telescope – the GALFACTS project (G-ALFA Continuum Transit Survey).  The UCRAL team is developing both data acquisition and date pipeline processing software to create spectral data cube images using ALFA in scanning mode.  This software will be adapted for use with the K-band array and provided to NRAO for general use.  

The software interfaces directly with the FPGA output of the new spectrometer developed for the ALFA system by Jeff Mock.  The high-speed, data acquisition interface was developed by Jeff Dever (of the UCRAL) in collaboration with Jeff Mock.  The data consists of 28 digital output streams (two 170-MHz bands for each of two polarizations for the seven feeds) each with 16k spectral channels.   A schematic of the processing software pipeline that converts the output streams into spectral images is shown in figure 1 
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Figure 1.  GALFACTS Data processing pipeline to turn scanning mode observations with the ALFA Feed Array into full-stokes, spectral images. 

Preliminary images of observations of a test region using the pipeline are shown in figures 2 and 3.  Accumulated spectro-polarimetric data for the GALFACTS project will be 50 Tbytes, which will be processed on a computing and storage area network facility in the UCRAL.  
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Figure 2 and 3.  Stokes I (top) and Stokes U (bottom) images of a 15 x 12 degree test region. 

2) Design and Fabrication of the Cold-Stage, Low Noise Amplifiers

HIA has considerable expertise in the design and fabrication of LNAs based, partly, on their experience with the design and fabrication of the ALMA Band 3 receivers.  These receivers consists of a 100 GHz Superconducting-Insulator-Superconducting (SIS) mixer that down-convert the signal to and IF of 6 GHz.  The IF is then amplified and as this is the first gain block it has to be very low noise.  HIA designed and prototyped (see Fig 4) this IF cryogenic LNA with a noise of 4 K and a minimum gain of 33 dB (see fig 5). The operating temperature of the amplifier is 4 K and is expected to increase its noise to 7 K when operated at 50 K (see Fig 6).  After a technology transfer to a Canadian Company (Nanowave Technologies Inc.) 300 units are now produced, including cryogenic testing by Nanowave.  

Part of the HIA receiver group’s long term strategy is to extend their success with 6 GHz LNA’s to higher frequencies and the K-band array project would allow them to work in this direction.  Using the same technology as for the Band 3 LNA, HIA can develop a K-Band LNA tailor made for the GBT K-Band Array.  After prototype development, the technology would be transferred to Nanowave for the production of the 20 required elements.  In fact, as Nanowave is organize to produce large quantities of LNAs, the production of the 122 LNAs for the 61-pixel mapping imager.  
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Fig 4: LNA assembly


[image: image4]Fig 5: noise and gain of the HIA LNA
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Fig 6:LNA noise as function of operating temperature.

3) Integrated Downconverter Module

The IDM does not appear to present any technical challenges in regards to its assembly.  Thus, this task could be relegated to any electronics lab at the University of Calgary.
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