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Abstract  —  This paper describes a new facility that 
is being developed to provide impedance measurement 
capabilities at millimetre-wave frequencies. The facility 
utilises dielectric waveguide to realise the primary 
impedance reference artefacts (i.e. the standards) to 
calibrate a conventional Vector Network Analyser 
operating in the millimetre-wave region. Results are 
presented showing the performance of the system 
operating to 110 GHz. A strategy for extending the 
bandwidth of the system to 300 GHz and beyond is also 
described. 
 

I. Introduction 
In recent years, many new applications have 

emerged that exploit large proportions of the 
millimetre-wave region (i.e. to 300 GHz) and beyond. 
These applications are driving demands for precision 
measurement capabilities. A recent paper [1] has 
described some work that has been undertaken to 
address this need – specifically, the use of dielectric 
waveguide as a suitable transmission medium for this 
part of the electromagnetic spectrum. In [1], the choice 
of material for the dielectric waveguide was discussed, 
along with design schemes for components including 
Vector Network Analyser (VNA) test ports and the 
standards needed to calibrate VNAs. 

Dielectric waveguide has several advantages over 
other more traditional transmission lines (e.g. coaxial 
line and metallic rectangular waveguide) at these 
frequencies. Firstly, the necessary mechanical sizes 
and tolerances of the waveguide dimensions are easier 
to maintain. Also, since these dimensions correspond 
to the external boundaries of the waveguide, they are 
easy to verify using simple mechanical measurement 
techniques. Secondly, due to the absence of metallic 
conductors, the transmission losses are much smaller 
than metallic transmission lines. Finally, the 
connection between a pair of dielectric waveguides is 
less dependent on accurate alignment of the conductors 
and therefore this will provide more reliable 
connections.  

This paper describes how the above-designed 
standards have been used to calibrate a commercial 
VNA operating at millimetre-wave frequencies. The 
calibrated VNA is then used to provide an impedance 
measurement capability (in terms of complex 
S-parameters). This capability has been designed to 
operate from 75 GHz to 110 GHz. However, the 
system is capable of being extended to at least 
300 GHz with only minor modifications to the 
calibration standards and calibration algorithm. These 
modifications are also described. 

 

II. Choice of Standards 
 The standards chosen to calibrate the VNA are a 

series of short-circuits offset using lengths of uniform 
dielectric waveguide transmission line. Each standard 
uses a different length and hence provides a different 
value of complex voltage reflection coefficient (VRC). 
This enables the calibration process to be performed 
using these different VRC values - e.g. three of these 
standards are used to calibrate one of the VNA’s 
measurement ports. 

The standards are attached to a rotating wheel 
arrangement (Fig 1) that enables the standards to be 
connected automatically (and reliably) to the VNA 
reference plane. This wheel can hold a total of six 
standards, from which three are chosen at each 
frequency. This choice is based on maximising the 
separation between the calibration points in the 
complex VRC plane. For example, Fig 2 shows the 
positions in the (uncalibrated) VRC plane of the 
standards chosen for calibration at 85 GHz, having 
nominal offset lengths of 0, 2.435 and 3.632 mm. 

 
 
Fig 1. The standards wheel (holding six standards). 

Fig 2. The raw measurement of three standards by an 
uncalibrated system. 
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III. Standards Characterisation 

Each of the calibration standards is characterised in 
terms of its characteristic impedance and propagation 
constant (i.e. attenuation and phase constant). Methods 
to experimentally determine the characteristic 
impedance are currently being developed [2]. This 
prototype measurement system assumes the idealised 
impedance defined by the chosen width and height of 
the dielectric waveguide (in this case, approximately 
2.54 mm × 1.27 mm).  

The attenuation constant is assumed to be zero 
since the loss in the short lengths of line used to 
fabricate the standards is expected to be negligible. 
The phase constant is determined experimentally by 
observing the difference in the uncorrected phase 
change between two different lengths of line. Since 
these lines possess a mild degree of dispersion, the 
phase change is generally non-linear with frequency. 

 
IV. Results 

Fig 3 (a) and (b) shows results obtained for this 
system (in terms of VRC linear magnitude and phase, 
respectively) from a measurement of an additional 
offset short-circuit not used during the calibration 
process. This additional short-circuit makes a useful 
verification device since the VRC magnitude is 
expected to be close to unity and the phase will vary 
depending on the length of the offset. 

 
Fig 3. Comparing the magnitude (a) and phase (b) in the 

predicted and observed (i.e. measured) values of an offset 
short-circuit device. 

 

Fig 3 (b) also shows the predicted VRC phase 
based on a simple mechanical determination of the 
offset length of the short-circuit (using a micrometer). 
This shows that the phase measured by the VNA tracks 
that predicted by the mechanical determination. The 
slight offset between the two determinations of phase 
indicates the presence of length errors (of typically a 
few tens of microns) in the offset line lengths. These 
errors can be minimised by using more accurate 
dimensional data. 

 
 

V. Extension to higher frequencies 
The system described in this paper can readily be 

extended to provide measurements at higher 
frequencies. To do this, more standards are required so 
that the phase separation between the standards 
remains acceptable at all frequencies. Since the 
rotating wheel arrangement (Fig 1) can hold up to six 
standards, this means that a total of 20 (i.e. 6C3) 
calibration schemes are available at any given 
frequency. This should be a more than adequate 
number of schemes for broadband calibration 
performance to 300 GHz and beyond. It will also be 
necessary to reduce the dimensions (i.e. height and 
width) of the dielectric waveguide to ensure quasi 
mono-mode electromagnetic propagation at all 
frequencies. 

 
VI. Conclusions 

This paper has described a new measurement 
facility that is being developed to provide an 
impedance measurement capability (in terms of 
complex scattering parameter measurements) at 
millimetre-wave frequencies. Measurements made by 
the system have shown good agreement with predicted 
values based on dimensional measurements. The next 
step in this research programme is to extend the 
capability to provide measurements over a broader 
frequency range – for example, to 300 GHz and 
beyond. 
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