20th International Symposium on Space Terahertz Technology, Charlottesville, 20-22 April 2009

Prototype ALMA Band 5 Cartridge: 
Design and Performance
V. Belitsky*, I. Lapkin, B. Billade, E. Sundin, A. Pavolotsky, D. Meledin, M. Strandberg, 
R. Finger1, O. Nyström, D. Henke, V. Desmaris, M. Fredrixon, S.-E. Ferm.
Group of Advanced Receiver Development (GARD), Chalmers University of Technology, 
SE41296, Gothenburg, Sweden.
1 University of Chile, Santiago, Chile
* Contact:  Victor.Belitsky@chalmers.se, phone +46 31 7721893 
This project is funded by EU FP6, Contract no. 515906
Abstract— The ALMA Project is run by an international consortia consisting of European Southern Observatory, USA, Canada, and Japan and aims to construct an interferometer radio telescope consisting of more than 60 antennas and located within thet Atacama Desert, Chile. This work presents the development, design and performance of one of the frequency channels of the ALMA receiver, the Band 5 prototype cartridge.

The Band 5 cartridge is a dual ‑ polarization receiver with the polarization separation performed by orthomode transducer (OMT) [1]. The receiver employs sideband rejection (2SB) scheme based on waveguide quadrature layout with SIS DSB mixers, covering 163-211 GHz with 4 ‑ 8 GHz IF.  For the SIS mixer, we have implemented a MMIC-like approach where the majority of the DSB mixer components, including LO injection, are integrated on the same substrate. The DSB SIS mixers use a back-piece configuration in order to make the mechanical structure of the 2SB mixer more compact.
The ALMA Band 5 cartridge is the lowest frequency channel of the ALMA receiver that employs all ‑ cold optics and thus has the largest mirrors amongst the other ALMA bands with cold optics. Band 5 big mirrors with its support structure leave very little room for placing the OMT, the mixers for both polarizations and the IF system.  In order to solve this problem, we had to completely revise the original design of the 2SB mixer in favor of a much more compact design, as discussed above.  Constrains of the 4K stage layout required us to use a custom designed 90-degree IF hybrid with an integrated DC bias-T for SIS mixers. The IF system uses the room between the 4 and 15 K stages of the cartridge.  The resulting relatively long IF chain has required advanced mechanical support to compensate for mechanical stress due to the thermal contraction.

At the Conference we plan to present details on the ALMA Band 5 prototype cartridge including cryogenic, optics, and mechanical design and results of the measured performance.
[1] The actual Band 5 OMT uses slightly modified design suggested by Dr. S. Asayama for Band 5 and based on the ALMA Band 4 cartridge OMT. 
