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Abstract

The loss and gain at the very front of a radiofrequency receiver chain dominates the noise
performance of the receiver in its entirety. For this reason, great care is taken to design and implement
first-stage amplifiers with very low noise figures, known as low-noise amplifiers (LNAs). However, with
increasing adoption of more (and higher) frequency bands for telecommunications and industrial
radar applications, there is an increased need to shield sensitive receivers from out-of-band interferers
by using front-end filters, at the expense of insertion loss and decreased system sensitivity. What
would be ideal, is to have a single component that performs both filtering and amplification functions:
rejecting out-of-band interference without incurring the loss associated with cascading a filter and an
LNA. While singular examples of such devices exist in literature, these are usually narrowband
examples, and are mostly achieved by performance optimization rather than explicit fundamental
synthesis.

This project will different theoretical synthesis approaches to designing a filtering low-noise amplifier.



Details of Research Project
Scientific merit

The front-end of a radio astronomy receiver should provide extremely low-noise amplification as a
primary function. Rejection of out-of-band interference is a secondary consideration, but one growing
in importance due to the proliferation of terrestrial and extraterrestrial RFl sources. Filters introduce
insertion loss, which means they are usually (with notable exception of superconducting filters [1])
placed after the first-stage LNA where their loss is mitigated, but where they serve no purpose in
protecting the LNA from saturation due to out-of-band RFI. Filtennas (feed antennas with filtering
properties) is a mitigating approach with growing interest [2], but frequency selectivity is often a
trade-off with other critical antenna properties such as the desired beam pattern over bandwidth. The
ideal solution would be a co-designed component with a prescribed frequency selective transmission
response (such as a filter) but with low-noise amplification (such as found in an LNA).

Two approaches are possible: introduction of low-noise amplification in the synthesis of filters, or
introduction of frequency selectivity in the synthesis of LNAs. The latter has been pursued for some
time [3], with reasonable results achieved by engineering frequency selectivity into the impedance
matching networks of the LNA. This approach is, however, limited in that greater selectivity requires
higher order networks, which incur more loss and lead to higher noise levels and lower gain in the
LNA. The second, more interesting approach, is incorporating optimal driving-point impedance into
the synthesis of coupled resonator filters with active elements [4]; however, this limits the synthesis
bandwidth of front-end amplifiers to that achievable with the coupled resonator approximation,
negating the possibility of e.g. enhancement of interdigital filter elements [5] with low-noise active
enhancement [6]. One possible avenue might be to re-investigate the classical theories of active filters,
such as transversal or recursive synthesis [7], but with emphasis on low-noise amplification.

By following both approaches, this project will seek to answer three key research questions:

1) What is the maximum feasible band selectivity achievable by incorporating frequency
selectivity into low-noise amplification impedance matching synthesis?

2) Can low-noise gain elements be included into the synthesis of broadband (coupled line or
interdigital) filters?

3) Can low-noise gain elements be used in the synthesis of classical active filters?
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Feasibility

This project will build on both substantial underlying theory and institutional know-how in filter and
broadband LNA synthesis. It is anticipated that each of the three key questions will produce some
publishable answer, though of course none of them are guaranteed to produce a solution that
outperforms the separate cascade of filter and LNA.



Availability of resources

The University of Pretoria has all the requisite institutional know-how, software, manufacturing, and
measurement equipment to complete this study successfully. This project may be completed either
by discrete component prototyping or by microelectronic design, both of which are available.

Milestones

Y1: Literature review. Broadband LNA synthesis. Frequency selectivity modification investigation,
prototyping, testing.

Y2: Broadband filter synthesis, active enhancement integration, prototyping, testing.

Y3: Active low-noise element selection and testing, adaptation of active filter synthesis for low-noise
driving impedances, prototyping, testing.

Profile of the successful applicant

A master’s degree background in high frequency electronics and / or electromagnetics is advisable for
this project. This would include knowledge of basic RF components (transmission lines, filters,
couplers, mixers, amplifiers) as well as RF simulation software. A background in microelectronics
design would be advantageous, but not required.
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We hereby confirm the confirmation of the following software, equipment, and data at the
Carl and Emily Fuchs Institute for Microelectronics, in support of our proposed M.Eng and
PhD topics:

Software:

EM simulation software (CST Microwave Studio, Ansys HFSS, Altair FEKO)
Circuit and system simulation software (Cadence AWR, Cadence IC design suite)
AMD VivadoTM Design Suite: Enterprise Edition

Digital hardware and development boards:

Xilinx ZYNQ Ultrascale+ RFSoC FPGA development board
RealDigital RFSoc 4x2 Xilinx Ultrascale+ FPGA development board
Digilent Eclypse Z7 Xilinx FPGA development board

Manufacturing and assembly equipment:

3D printers (FormLabs Form3, Intamsys Funmat HT, Creality Halot Mage S)

PCB / planar substrate patterning (LPKF ProtoLaser U4, ProtoMat S64, MultiPress S4,
Contac S4 copper plating bath)

F&S BondTec 53XX semi-automatic wirebonder

Tresky T-5100 manual die bonder

RF metrology equipment:
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R&S FSW50 signal analyser (with noise figure and phase noise measurement)
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Millimetre-wave anechoic chamber for antenna measurements > 50 GHz

Cryogenic testing will be conducted at the Department of Physics, UP, and at the SARAO
engineering facilities in Cape Town.
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