Section A: Overview of the Research Project

1. A single-IC 183 GHz water vapour radiometer
2. Engineering
3. Masters

4. Accurate estimation of tropospheric water vapour is imperative to site surveys, observation
management, and path length correction in mm-wave radio astronomy. Water vapour radiometer
systems are commercially available, but are large and expensive, and require several moving parts.
The observation of the 183 GHz water vapour line would benefit significantly from MMIC integration,
as this would allow for low-cost manufacturing of an extremely compact device with reduced
integration risk. This project will build on previous studies and prototypes with an improved design,
implementation, and validation of a working prototype.
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Section B: Details of Research Project

1. Scientific merit:

Accurate estimation of tropospheric water vapour is imperative to site surveys, observation
management, and path length correction in mm-wave radio astronomy. This may be estimated at 183
or 225 GHz, or with dual-band / spectral methods around 22 and 31 GHz.

Water vapour radiometer systems are commercially available, but are large and expensive (due in
large to the extensive reliance on connectorised or waveguide components). In particular, the cost
183 GHz radiometers is compounded significantly by the cost of packaging individual components in
a modular system integration. On the other hand, single-IC radiometers at similar frequencies (e.g.
airport security scanners at 94 GHz) have proven extremely effective. In addition, it allows for the
packaging of an array of radiometers in a single unit, which may pave the way toward tip-curve
calibration in post-processing rather than through mechanically steered tipping mirrors. Cross-
correlating architectures may also be implemented more readily if multiple radiometers can be
packaged as single surface-mount components. Production cost could further be reduced by
investigating the use of 3D printed antenna assemblies around mounted-IC receivers, or the use of
low-cost CMOS or SiGe BiCMOS processes (as opposed to GaAs or InP) for prototyping.

2. Feasibility:

This project will build on previous student projects, where different radiometer architectures were
evaluated and system simulation approaches were established.

The M4 lab at the University of Pretoria has experience in radiometer design, mm-wave design, hybrid
integration, and testing of mixed signal and RF circuits and MMIC. The lab is further equipped with all
the necessary laboratory facilities for measurement (including anechoic measurements), as well as
software for circuit and system modelling.

Potential objectives for this project would be:

Y1: Literature review. Architecture design. Basic total power radiometer circuit design, prototyping
and measurement.



Y2: System integration: application of multiple radiometers in an array configuration, design of
suitable antenna feed for beam steering. Lab testing. Data processing development and preliminary
site characterization.

Y3: Cross-correlating radiometer implementation, prototyping and testing. Updated data processing
development and site characterization measurements. Final dissemination.

3. This proposal relates to “Hardware, software and data analytic systems associated with the control
and monitoring of radio telescopes”. The prototype developed in this study may be deployed both for
surveying potential new mm-wave radio astronomy sites in Africa, and to provide monitoring data at
existing centimetric observation sites.

4. A Master’s degree background in high frequency electronics and / or electromagnetics is advisable
for this project, with MMIC design experience especially valued. This would include knowledge of basic
RF components (transmission lines, filters, couplers, mixers, amplifiers) as well as RF simulation
software.
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