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Introduction

The purpose of this memo is to present a design for a large VLBI correlator
based on a design philosopy significantly different from either the Caltech proposal
(VLBA Correlator Memo 41) or the FX proposal currently being evaluated by NRAO.
The catalyst for this study was the recently-announced availability of the "Bos"
VLSI correlator chip (NFRA Tech Report 176), which is specifically designed for
high-speed correlator applications. Upon examination of the capabilities of the
"Bos" chip, it became apparent that a VLBA correlator design based on this chip was
worthy of study. This report is a result of that study. The "Bos" chip, coupled
with an architectural design derived from the proven Mark IIIA correlator system,
does in fact lead to a design which meets VLBA requirements, and which has the
following features:

- Minimum engineering effort; only three custom-designed modules
in the system, all made with commercially-available components
- Maximum use of commercially-available hardware
- Very modular design for easy expandability to maximum of
28 stations
- Extremely flexible signal-switching network to trade
#stations vs #channels/station vs #lags/channel
- Significant simplification of the Data Playback System (DPS)
- Total fabricated hardware cost for 20-station "double-speed"
system is estimated $3200k minimum to $4800k maximum
- Attractive cost-reduction options (as much as 45%) that will
meet near-term VLBA needs, and which do not hamper later expansion
- An orderly and low-risk design, and an implementation schedule
leading to a fully-operational correlator in ~5.5 years from start

Although this proposal is based on an evolution of an architecture which was developed
at Haystack Observatory for the Mark III and Mark IIIA correlator systems, we in no
way claim that it is superior to other existing proposals, only that it should be
evaluated on its own merits.



1. General Organization

The general organization of the proposed correlator is shown in Figure 1. The
correlator is divided into four major sections, labelled A,B,C,D. Each Correlator
Section contains 24 "crates"” of 16 correlator modules each plus one "hot" spare;
each module can correlate 64 complex lags of any 2 of (up to) 28 signals on its
multiplexor inputs. Associated with each Correlator Section is a Crossbar Matrix.
Within each Crossbar Matrix is a 16x16 matrix switch for each (of up to 28) DPS.
The 16 outputs of each 16x16 matrix switch are connected to multiplexor inputs of
modules 1-16, respectively, of all crates in the Correlator Section: that is, output
1 from 16x16 matrix 1 (from DPS 1) of Crossbar Matrix A is connected down a vertical
"slice" of Correlator Section A so that it attaches to module 1 multiplexor input
1l in every crate in Correlator Section A. 1In this fashion, module n in any crate
in Correlator Section A may select 1l6xl6-output n from any DPS. Despite its relative
simplicity and ease of implementation, this signal distribution network allows
excellent flexibility in correlator configuration.
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The data stream from each output channel of each DPS is broken into asynchronous
packets, each containing 20,000 data samples, and where each packet is self-clocking
and self-identifying and contains all necessary timing and validity information.
Only a single system clocking signal is distributed to the modules and the DPS’'s;
the phasing of this system clocking signal is unimportant. Except for l-second
ticks distributed to the DPS’s, no other clocking or timing signals are distributed
to any parts of the correlator. The data rate of each DPS ocutput channel may be up
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to 32 Mbits/sec average: 2-bit sample data will be multiplexed into the single
32 Mbit/sec data stream, corresponding to a 16 Msample/sec data rate for 2-bit data.

Each crate consists of 17 correlator modules (16 operational plus 1 hot spare)
in a double-height VME chassis. Each crate also contains a commercial VME-bus-based
CPU card. This CPU is responsible for managing the operation and data-flow of all
modules in its crate, including detection of a module failure and substitution of
the hot spare for the failed module. In addition, the crate CPU may be capable of
performing additional data operations to futher off-load the Correlator Control
Computer. Crate CPU’'s communicate with the Correlator Control Computer over a
standard computer bus.

2., System Specifications

2.1 Dimensions --

Stations: <=20
Allows up to 20 stations of 8 channels each to be simultaneously
correlated, or two or more subarrays up to the limit of available
DPS’s and correlator modules. Architecture allows expansion to
maximum of 28 stations.

Channels: Nominal 8 channels/station.
Capable of 16 channels/stations for <=14 stations.

Total #complex lags available: 104,448

Total #output accumulators: 208,896

Maximum correlation rate/module: 32 Msamples/sec for 1l-bit data
16 Msamples/sec for 2-bit data

Frequency Resolution:
Software selectable to arbitrary resolution (see Table 1)

2.2 Features --

Polarization: Measurement of all 4 products from L/R polarized channel
pair.

Interleaving: Over-sampled data may be processed as separate, interleaved
data streams.

Pulsar Gating: Full pulsar-gating capability provided, independently
controllable for each channel.
Minumum period: 8 data samples
Timing resolution: 8 data samples
Duty cycle and phasing: Arbitrary

Speedup Factor: 1, 2, or 4
Playback real-time to record real-time may be speeded up by
this factor. A speedup >1 will not significantly degrade the
interferometer model, but will reduce the effective fringe rate
window.



Experiments: Number of simultaneous experiments limited only by
software. Signal-distribution network allows virtually
arbitrary number.

Phase calibration: Phase-calibration extraction will be done in a
special module placed in each DPS.

2.3 Modes --

Tables 1 summarizes a few of the possible processing configurations. The signal
distribution network provides a large amount of flexibility in processing modes.
Note that the proposed system is capable of processing 24-station data at "single

speed”

(128 Mbits/sec/station),

as well as 20-station data at "double speed®.

Subnetting capabilities are not indicated in Table 1, but in practice there is
practically unlimited flexibility in subnetting, restricted only by the number of

DPS's and correlator modules in the system.
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Station
#stations Pol #baselines #chans/ bits/ Playback rate #phase Frq.chan/
station sample (Msample/sec) centers baseline

24 NP 276 -4 1 128 1 128

20 NP 190 8 1 256 1 256

20 NP 190 8 2 128 1 256

14 NP 91 16 1 512 1 512

14 NP 91 8 1 256 2 256 /phase cent
14 NP 91 4 2 256 1 512

10 NP 45 8 1 256 1 1024

10 P 45 8 1 256 1 256 /polarization

Table 1: Examples of Possible Modes
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2.4 Interfaces --

Input: DPS switching allows any playback channel to be routed to
any DPS output channel.

DPS units: <=28 can be supported by the signal distribution network,
although it is expected that fewer will actually be built.

Data rate: 32 Mbits/sec/channel max, corresponding to 16 Msamples/sec
max for 2-bit data. Data rate may be stepped down by
factor of 2, 4, or 8 for special processing requirements.

Quantization: 1 or 2 bits per sample

Validity: DPS will generate one validity bit per 16 data bits






