Additional report to the OTC on R&D activities for discussion at the Dec. 20, 2007 meeting

Three projects were funded in FY07 from the $75K R&D fund.  The following is a brief status report on each:
Evaluation of HBT MMIC Processes for Second-Stage Cryogenic LNAs ($7K), Morgan and Bryerton

Three different sizes of 0.8um emitter width InP HBTs have been characterized cold: 5um, 8um, and 12um.  Based on these measurements, we have seen increases in Beta at 12K of about 15% and small differences in gain (Gm).  We will be testing one more size device, the 6um HBT.  Using small-signal models provided by NGST, we will integrate these temperature dependencies into the noise model to predict the noise improvement cold.  Based on measurements so far, it can be estimated that the improvement will be fairly marginal since the dominant contribution to noise is the shot noise from the base current, which is dependent on Beta.  The devices do work cold, however, and their performance may perhaps be good enough as second or third stage transistors in a hybrid HEMT/HBT amplifier.  We should also investigate further recent, and extremely promising, results of SiGe HBTs at cryogenic temperatures [1], where the Beta and Gm undergo huge improvements when cooled.
Further information can be obtained from this project's wiki page
https://wiki.nrao.edu/bin/view/Main/CryoHBT
[1] S. Weinreb, J. Bardin, and H. Mani, "Design of cryogenic SiGe

low-noise amplifiers," IEEE Trans. Microwave Theory Tech., vol. 55, no.

11, Nov 2007, pp. 2306-2312

A Broadband Cryogenic Active Feed ($15K), Bradley, Norrod, and Gawande

We are developing a second generation conical sinuous feed aimed toward meeting the FASR design requirements.  This is also a prototype for a cryogenic version that may have application to the SKA and other projects that require a very broadband feed.  With the latest modifications we expect better control of the feed-point impedance by placing the amplifier behind the ground plane.  A new amplifier was developed to provide an improved noise match to the feed over the 0.5 - 2.5 GHz band.  Assembly is nearing completion and will be evaluated in Green Bank early next year. 

Dielectric and loss tangent measurements at room temperature on various samples of rigid foams have been performed and the results will be published shortly in an upcoming EDIR (in progress).  A test fixture has been developed for measuring the thermal conductivity of foam samples at cryogenic temperatures.  Construction of the test apparatus is currently underway.   Such foams are being studied for use in integrated feed / amplifier structures of a new generation of cryogenic receivers, including a cooled version of the conical sinuous feed..

Slides from a talk about this project given recently at the NTC by Rohit Gawande may be found at

http://www.cv.nrao.edu/~rfisher/Misc/elf_3.pdf
Test Equipment for Wafer-Probe Test Station ($53K), Morgan and Bryerton

We have collected a considerable amount of new equipment and have almost everything working.  Some of the highlights:

We upgraded the objective lense on the microscope for a wider field of view, allowing us to see both ends of the MMIC at one time which is much safer for landing the probes.
We had the shop make for us a number of mounting brackets and other hardware to give us maximum flexibility in positiong the probes.  We can now use up to four probes at once in the North, South, East, and West positions.  Two of our positioners can carry up to 10kg, which is useful for mounting test modules like mixers and signal sources very close to the chip under test.  While the micropositioners allow precise movement within a half-inch radius, the special adapter plates we made give you course adjustment over several inches in any direction.  Even more significantly, we can adjust the vertical height of the probes by inches as well.  This is quite different from most commercial setups where they only probe single chips on-wafer, which are very small and always at the same height.  The flexibility we have with this system allows us to also probe whole MMIC-chains inside a module which might be 3/4 of an inch high and could extend laterally by several inches.

Most of our effort so far has actually been getting the surplus 8510 VNA that we acquired up and running.  We got a new synthesizer and a millimeter-wave test set which allows it to operate up to 50 GHz.  We still need to make a few minor repairs: the fan on the millimeter-wave test set needs to be replaced, and the disk drive on the 8510 is twitchy.  But basically it works.

We have acquired all the probes and calibration substrates we need to do probe-measurements up to 50 GHz.  All we lack is a single cable for which the supplier lost our order.
Here is a sample of other development projects going on around NRAO:
At the CDL:

Microwave loss reduction, Kerr and Finger 
  
In addition to the microwave loss reduction measurements performed on machined conductors of copper and aluminum, and electro plated copper and gold (see attached) we are going to include measurements on annealed gold-plated and copper-plated resonators. In order to do this we will nickel plate brass conductors (nickel as a diffusion barrier), then copper or gold plate the conductors, and then anneal them.  We expect a more pronounced loss reduction for the annealed units at cryogenic temperatures. The same measurement set-up will be used. 
  
Submillimeter radomes, Finger and Kerr
  
Simulations of the performance of different materials commonly used in radomes have been performed. A model to estimate the overall loss of sensitivity due to the radome was developed. The Goretex RF membrane, evaluated at ALMA frequencies, is found to fall out of spec for bands 2 to 5, producing an overall loss of sensitivity of more than 6%.  We are now working to characterize FEP samples at submillimeter wavelengths and an FEP full size membrane will be tested in Chile in the next month.

A new technique for measuring low-frequency antenna patterns (A PAPER project spin-of, Bradley’s lab):

A system is being developed to measure the power pattern of a low frequency antenna or array using signals from a constellation of ORBCOMM satellites operating at 137.5 MHz.  Preliminary results are encouraging in that a beam pattern can be measured with a dynamic range of over 45 dB and nearby scattering surfaces are clearly visible.  Improvements to the receiver hardware and data acquisition / analysis software are 

underway. 

In Socorro:

(1) EVLA project has demonstrated a 3 bit, 4 Gsps digitizer using a commercial Teledyne part. The digitizer is lower cost than the ALMA approach and will be used for the EVLA.

(2) By placing a high frequency Teledyne track and hold device in front of the 4 Gsps digitizer EVLA has demonstrated direct 2 GHz bandwidth bandpass sampling at frequencies up to 20 GHz.

(3) EVLA is making custom DDS's in FPGA's that perform better than commercial DDS chips at frequencies of a few tens of MHz.

(4) VLBA is collaborating with the Berkeley CASPAR group using the Vertex V FPGA to develop an IBOB-2 board. This will enable 4 Gbps observing with the VLBA.

(5) A computer cluster has been purchased to demonstrate a 4 Gbps software correlator for VLBA.

(6) VLBA is collaborating with Haystack to develop a 4 Gbps Mk V-C digital recorder.

(7) EVLA is now using its new 1-2 GHz cooled OMT for observations. The OMT has recently been modified to make it more manufacturable.

(8) VLA is developing a new fully digital Antenna Control Unit for VLA and VLBA.

(9) VLBA is developing a new Focus Rotation Mount for the subreflector using modern digital controllers and stepping motors to replace obsolete motors on the existing units.

(10) EVLA is now deploying an active 2-4 GHz gain-slope equalizer.

(11) At the ATF work is now underway understanding and using the photonic phase stabilization system used to correct for fiber-length variations in the ALMA LO distribution system.

(12) At the ATF recent testing has led to improved understanding of error sources in near-field holography.

In Green Bank:

FPGA system for the next GBT pulsar processor:

https://wikio.nrao.edu/bin/view/CICADA/NGNPP
K-Band focal plane horn array for the GBT:

https://wikio.nrao.edu/bin/view/Kbandfpa/WebHome
