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Abstract
Multi-element radio telescopes employ methods of indirect imaging to capture the
image of the sky. These methods are in contrast to direct imaging methods whereby
the image is constructed from sensor measurements directly and involve extensive
signal processing on antenna signals. The Square Kilometre Array, or the SKA, is a
future radio telescope of this type that, once built, will become the largest telescope
in the world. The unprecedented scale of the SKA requires novel solutions to be
developed for its signal processing pipeline one of the most resource-consuming
parts of which is the correlator. The SKA uses the FX correlator construction that
consists of two parts: the F part that translates antenna signals into frequency
domain and the X part that cross-correlates these signals between each other. This
research focuses on the integrated circuit design and VLSI implementation issues of
the X part of a very large FX correlator in 28 nm and 130 nm CMOS. The correlator’s
main processing operation is the complex multiply-accumulation (CMAC) for which
custom 28 nm CMAC designs are presented and evaluated. Performance of various
memories inside the correlator also affects overall efficiency, and input-buffered
and output-buffered approaches are considered with the goal of improving upon it.
For output-buffered designs, custom memory control circuits have been designed
and prototyped in 130 nm that improve upon eDRAM by taking advantage of
sequential access patterns. For the input-buffered architecture, a new scheme is
proposed that decreases the usage of the input-buffer memory by a third by making
use of multiple accumulators in every CMAC. Because cross-correlation is a very
data-intensive process, high-performance SerDes I/O is essential to any practical
ASIC implementation. On the I/O design, the 28 nm full-rate transmitter delivering
15 Gbps per lane is presented. This design consists of the scrambler, the serialiser,
the digital VCO with analog fine-tuning and the SST driver including features of a
4-tap FFE, impedance tuning and amplitude tuning.
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1.1 Diagram of two antennas receiving two signals. Although both
antennas receive the sum of the two signals, the phase difference
between these signals is different for different antennas.
2.1 A complex multiplier can calculate the cross-correlation without
performing the complex conjugate operation explicitly. This can be
achieved by simply relabelling the ports for one input and relabelling
the outputs as explained by (2.3). In this case, the real and imaginary
parts of the G input are swapped.
2.2 CMAC functional diagram following (2.2) and including accumulators.
2.3 Example of how a signed 4b×12b multiplication can be performed
without sign extensions. The two multiplication operands are −6,
which is 1010 in 2’s complement binary, and −1212, which is
101101000100. The result is truncated to 16 bits.
2.4 An example of the adder tree design for the signed 8-bit multiplication using the Wallace tree (left and centre columns) and the tree
method from [25] that is used in this work (right column). The
Wallace tree uses 38 FAs and 15 HAs while the design method uses
39 FAs and 7 HAs. Symbol “ 1
” indicates the addition of two
bits with a 1, which is a special case of a HA, rather than a FA.
2.5 Adder tree diagrams for the 4-bit CMAC for the real (left tree) and
imaginary (right tree) parts of the result of the cross-correlation
operation. Red and blue colour denote partial product bits from
different multiplications.
2.6 Adder tree diagrams for the 8-bit CMAC for the real (left tree) and
imaginary (right tree) parts of the result of the cross-correlation
operation. Red and blue colour denote partial product bits from
different multiplications. The vertical lines for the output of the tree
denote the placements of 4-bit and 5-bit CLA sections.
2.7 Transistor-level schematic diagram of the FA circuit that has been
used throughout most of this work. The sum output is S and the
carry-out output is Co.
2.8 The conventional static FA circuit [32]. This is one of the structures
that is used in the provided standard cell library.
2.9 A pass-transistor implementation of a FA. This is one of the structures that is used in the provided standard cell library.
2.10 The HA schematic diagrams of (a) the circuit that is used in the
work and (b) the circuit from the standard cell library.
2.11 The layout implementation of the FA circuit from Figure 2.7.
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how a full integration is first split into sections. (b) shows the final
pattern of SIs after auto-correlation sections are paired together
into full SIs.
3.3 Architecture of one multiple-accumulator CMAC with a accumulators. The “Accumulator Select” circuit chooses which accumulators
are read from and written into in the current processing cycle.
3.4 The illustration showing how (a) SIs for the case of w = 5 can be
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