
March 27, 1995 

To: MMA Systems Working Group, 

Durga Bagri dbagri@nrao.edu 
Barry Clark bclark@nrao.edu 
John Carlstrom jc@phobos.caltech.edu 
Larry D'Addario ldaddari@nrao.edu 
Daryl Emerson demerson@nrao.edu 
Ray Escoffier rescoffi@nrao.edu 
John Romney jromney@nrao.edu 
Steve Padin spadin@caltech.edu 
Dick Sramek rsramek@nrao.edu 
Doug Thornton thornton@bkyast.berkeley.edu 
Jack Welch welch@bkyast.berkeley.edu 

From: Dick Thompson athompso@nrao.edu 

Attached are some notes on the BIMA Array correlator that Jack 
sent me, and also a page with a sketch of the basic structure 
of the SAO correlator that Colin Masson gave me after the MMA 
Advisory meeting last year. This material is relevant to the 
correlator and channelization of the MMA, and we should discuss 
it at our next meeting. 
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Table 1: COMPLEX CORRELATOR MODES 

Mode Corf 1 Coif 2 Corf 3 Corf 4 f 

lsb 1 usb 1 lsb 2 ufi b 2 lsb 3 usb 3 lsb 4 
1 

nsb 4 i 

1 bwl/1024 — — — — — — 

2 bwl/512 — - •  bw2/512 — — — 
— 

3 bwl/512 — bw2/256 — — — bw4/256 

4 bwl/256 — — bw2/256 bw3/256 - — bw4/256 

5 bwl/512 100/32 100/32 — — 100/32 100/32 

6 bwl/256 — 100/32 100/32 bw3/256 — 100/32 100/32 

7 25/256 — 100/32 100/32 100/32 100/32 100/32 100/32 

8 bwl/32 100/32 100/32 100/32 100/32 100/32 100/32 100/32 

NOTE; la mode 8, bwl is restricted to 25, 50, or 100 MHz. These same windows are 

repeated in both, sidebands of the first LO. There we twice as many channels fox 

autocorrelation modes. 
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allow substantial continuum bandwidth* along wjtb mfher one or two spectral lines. Only 

mode eight uses all eight correlators. For a. purely continuum. observation, this is dearly the 

mode to use, with 100 MHz bandwidth, in cach correlator including the first, giving a total 

af 800 MHz. Mode 3 also enables & significant single line observation, (in each sideband) 

along with 700 Mhz of continuum. The limitations axe listed in the table. 

The correlator is under computer control. Changing the correlator configuration takes 

about 1 minute, counting passbaud and system temperature calibrations. The available line 

catalogues ace available witliin the MIRIAD reduction software package, and the MIRIAD 
/ i 

programs CORSET and XCORF may be usec^ to plot the location of spectral lines within 

the selected frequency windows; they are useful for planning correlator configurations for 

observation. 

Figure 7 shows the spectrum obtained on 1 baseline with a 3$ min integration cent«n«l on 

Orion/KL Nebula. The coirelator is set up to provide 8 spectral windows, each with 25 

MHz bandwidth. The figure shows the amplitude (Jy) and phase (degrees) for 1-sidcband 

of the first LO containing emission from SO(86.094 GHz), SiO v=l (86.243 GHz), H13CN 

(86.340 GHz), 'and SiO v=Q (86.847 GHz), tn the other sideband we simultaneously observe 

HCO+ (89.139 GHz) and 3 spectral windows which contain continuum, but no spectral line 

emission. 
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& • 
Thornton, and Hudson, 1085, PASP); it is a hybrid correlator, employing analog filters -with, 

digital sampling and correlation within the bands of the filters. The new unit has greater 

maximum bandwidth (by a factor of 2.5), 800 MHz, and greater flexibility in its operating 

modes, allowing, in particular, better combinations of continuum and spectral line coverage. 

There is & total of eight correlators which accept the outputs of third mixers, both upper 

and lower sideband. The resulting four composite windows axe located by the choice of the 

third mixer's four local oscillators, "corfe", whidi may be placed at any frequencies in the 

830 Mhz IF band (70 MHss« 900 MHz). The four bandwidths bwl, bw2, bw3, bw4 maj be 

selected from 6.25/12.5/25/50/100 MHa. The correlator may- b« distributed to 

one up to eight windows. Different bandwidths, as well as two different clock fates, may be 

nfted at the same time, with cart win restrictions. 

Whereas the previous system used discrote components, the new unit employs the NFRA 

(Bos) 3-bit chip with a maximum clock rate of 50 Mhz (Bos, 1991). This chip allows four 

level quantization with an efficiency of 0.88. lb attain a bandwidth of 50 MHz, one stage of 

time multiplexing is required; for 100 MHz, two stages of multiplexing are needed. With the 

introduction of each stage of multiplexing, the number of available correlations is reduced 

by a factor of two. 

As with the previous system, the sidebands of the first local oscillator arc separated by 

phase switching of the first local oscillator. As a result, the windows in the upper sideband 

also appear in the lower sideband with little cross-talk. (The residual cross-talk is less than 

.1%.) Doppler tracking of the windows in both sidebands is accomplished by slewing of 

both the first and third local oscillators. Including both sidebands, the maximum number 

of complex channels that can be observed is 2048 with no time multiplexing and 512 with 

two stages of multiplexing. 

Eight different correlator observing modes are realized in the software and are set out in 

Table The first four modes axe for strictly line observations. The last four axe intended to 

i 
) 
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1. Correlator 

.Bear Dick 

As I mentioned dtiring our last telephone call, the ccozelator thai we are now using at Hat 

Creak lias considerable fieriMity, and, as a future user of the MMA, I hope that the MMA 

correlator will be at least as useful. Our unit can cover a ™»ir«wnm bandwidth of 800 

and I would expect the MMA basic mat would cover 1 GHz, with a socond 1 Ghz unit for 

the other polarization or second b tad- If we can get an IF bandwidth of 2 Gha in each 

polarization, we should be able to one the various windows of the correlator ho anyplace in 

the 2 GHz band. That i$, the baseband converters need to operate over the whole 2 Ghz IF 

band. 

We use a fixed sample rate of 200 MHz, but we can ran two halves of the correlator at 

different shift rates and can use different multiplexing in each window. Combining that with 

different analog input filters, we can operate with a variety of bandwidtha and resolutions at 

the same time. It's common for us to setup three or four molecular tines, a recombination 

line, and a considerable amount of continuum bandwith, using.both sidebands of the first 

local oscillator. 

I am enclosing a few paragraphs' write-up of the correlator (from another report) as a 

description. One other capability that it has (that may be too hard to do in a larger 

correlator) is that the correlator channels may bo distributed in different ways among the 

analog filter bands. All of the channels may be put into one window, or split between 

two windows, or divided between four windows. This requires a lot of complicated 

interconnections, but it is very useful. The correlator is being finished for 10 antennas. 

I also enclose two different tabular representations of the possible set-ups. 

The basic architecture of the new correlator is the saane as for the previous version (Urry, 
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