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This memo describes the VLBA correlator signal switching scheme as 

it had evolved in the early summer of 1985. The correlator is assumed to 

have 16 input channels for each of up to 20 stations. For spectroscopic 

work, higher resolution steps are available for 14 or fewer stations, or 10 

or fewer. The design is based on a VLSI gate array with 6-8,000 gate 

complexity running at 16 MHz. This chip would provide 8 "complex lags", 

shift registers, multipliers, and accumulators. Lobe rotation is performed 

on chip using a phase which is the difference between "station-channel 

phases" that come along with the signal data. 

Since this design work was completed, a number of changes in the 

VLBA correlator specifications have been suggested. Most significantly, 

fringe rotation and delay corrections at the antenna via local oscillator 

and sampler offsets would greatly simplify the correlator. Another change 

is the increase in the channel bandwidth to 16 MHz, doubling the sample 

rate to 32 Ms/s. The former change, if adopted, might be radical enough to 

make a redesign of the correlator signal switching necessary. The latter, 

however, probably can be accomodated within the present scheme. 



I. VLBA CORRELATOR - SIGNAL SWITCHING - GENERAL 

lotroduct ion 

The basic organization of the correlator as outlined in the Architecture 

Report (Memo VC041) is that of one complete 20 station correlator (ECA -

elementary correlator array) for each of the 16 channels. The 16 ECA's 

can be used independently in the non-polarized continuum case but are used in 

groups of 2, 4, 8 or 16 to achieve increased spectral resolution and/or 

polarization measurements. When used independently for high sensitivity 

continuum work an ECA need only be fed the signals from one channel of the 20 

stations and all products are produced, including autocorrelation. However, 

for the spectral line and polarization case, each ECA must be fed two 

independent bundles (A and B) of 20 stations - delayed versions of each other 

for spectral lines and R and L for polarizat ion. The signal switching must 

get the correct channels of the selected tape playback machines to the 

appropriate A and B inputs of the ECA. 

The switching requirements of the VLBA correlator are as follows: 

(a) Tape Changing (arbitrary tape playback units) 

(b) Station Modes (10/14/20 Stations with 4/2/1 x lag concatenation) 

(c) Spectral Line Modes (2, 4, 8, 16 x lags per channel) 

(d) Polarization Modes (-r2 lags for LR & RL) 

(e) Self Test/Self Heal (parallel data paths) 



1.2 

The Architecture Report combines (a) and (b) in an up-front "station 

crossbar" switch and implements (c) and (d) using a combination of the DPS 

internal channel crossbar and an unspecified switch before the correlator 

electronics. Requirement (e) is left unspecified. Figure 1 is a 

representation of the data paths as given by figures 4-4 and 4-5 in VC041. 

The Station Electronics is composed of 20x16=320 units which delay the 

signals from the DSPs and add fractional delay and phase information 

according to the geometry of the VLBA. It may also extract phase calibration 

from the data. 

The Correlator Electronics is composed of 16 ECAs each of which contains 

20x20=400 ECs (Elementary Correlators) of 8 complex lags each. The output of 

the correlator electronics is sent to the TOP (Transform/Output Processor). 
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1.4 

Revised Implementation 

The main inelegance of this arrangement is that requirements (c) and (d) 

are most easily implemented by a second channel crossbar which in turn 

requires an extra reorganization from station bundles to channel bundles and 

back again. This can be avoided by placing the station crossbar after the 

station electronics. Although this means more station electronics, (24 

versus 20) it results in a significant simplification. As will be seen 

later, it presents a solution to other connection problems which reduces the 

cost. The data path diagram resulting from this reorganization is shown in 

figure 2. 
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1.6 

Further Considerations 

(a) As discussed in Memo VC043, it is advantageous (at 16 Mb/s) to bus 

the A and B station bundles inside an ECA and use a VLSI switch to select the 

stations to be correlated. As well as being simpler, this approach satisfies 

condition (e) since extra correlators could be switched in parallel. In 

addition, the station crossbar switch becomes internal to each ECA and can be 

removed from figure 2. 

(b) The same arguments can be applied to the Station Electronics and 

the channel crossbar in the DSP could be eliminated. The output channel 

crossbar becomes internal to the Station Electronics. Run time testing of 

station electronics could be accomplished by building extra channels and 

making a bit-by-bit comparison inside the SE. 

(c) The use of a general channel crossbar at the output of the Station 

Electronics to obtain the spectral line and polarization modes may seem 

excessive. In fact, at least one ECA has to obtain its A input from 8 dif-

ferent channels; therefore, allowing it to come from any of 16 is not such a 

big step (especially for a VLSI switch). Furthermore, a general switch 

allows the possibility of full sensitivity continuum polarization for 14 and 

20 station modes (not included in the Architecture Report). 
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1.8 

Examples of Major Modes 

Station mode switching (10/14/20 stations) is done internal to each 

ECA. Spectral Line/Polarization mode switching can be done as follows: 

(a) Non-Polarized ^Continuum Mode: Sixteen different channels are recorded. 

Each channel is sent to a different ECA. The A and B bundles sent to a 

particular ECA are identical (A=B). 

(b) Polarized Continuum Mode; Eight different pairs of R and L circularly 

polarized channels are recorded. The ECAs are combined into eight groups of 

two. Each of the two ECAs in a group is sent both R and L channels (A=R, 

B=L). The ECAs then require internal switching to form RR, LL in one ECA and 

RL and LR (for example) in the other. This mode does not appear in the 

Architecture Report. In that report the polarized modes (continuum and 

spectral line) are done by combining the ECAs into four groups of four and 

forming one of RR, RL, LR and LL products in each of the ECAs in a group (see 

(d) below). This latter scheme does not require the ECA internal switching 

but is limited to four frequency bands. This limitation is OK for spectral 

lines but results in a loss of sensitivity for continuum work. 

(c) Non-Polarized Spectral Line Mode: One, two, four or eight different 

channels (frequency bands) are recorded. The ECAs are combined into groups 

of sixteen, eight, four or two respectively. Each ECA in a group is fed 

identical B bundles but the A bundles are advanced and delayed versions of 


