Measurement Comparison up to 65 GHz in Coaxial 1.85 mm Line
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Abstract—A measurement comparison of scattering
parameters has been carried out between four national
metrology laboratories in coaxial line using 1.85 mm
precision connectors at frequencies between 100 MHz and
67 GHz. Twelve devices have been measured: two pairs of
short-circuits, a pair of open-circuits, a pair of matched
loads, a pair of mismatched loads, a male-to-female
adaptor and a T-checker.
The National Physical
Laboratory (United Kingdom) acted as the pilot
laboratory for the comparison.
Index Terms — Measurement, measurement standards,
measurement techniques, measurement uncertainty,
precision measurements, uncertainty.

I. INTRODUCTION
This paper describes a measurement comparison in 1.85 mm
coaxial line carried out amongst four European National
Measurement Institutes (NMIs). In order of participation,
these were: National Physical Laboratory (NPL, UK, pilot),
Physikalisch-Technische Bundesanstalt (PTB, Germany),
Laboratoire National de Metrologie et d’Essais (LNE, France)
and the Federal Institute of Metrology (METAS, Switzerland).
Twelve traveling standards were identified for use in the
comparison.
The participants were asked to provide S-parameter
measurements of each device at 100 MHz steps from 100
MHz to 67 GHz. The participants were also asked to provide
measurements of the connector pin depths in their preferred
units.
The comparison took place over a period of six months
between February and July 2015.
The purpose of the comparison was to investigate the
consistency among different VNA calibration algorithms,
traceability schemes and uncertainty evaluation techniques
applied at each of the participating laboratories.

II. TRAVELING STANDARDS
The traveling standards had 1.85 mm connectors and
consisted of ten one-port and two two-port devices with male
and female connectors. The two-port devices were chosen to
provide high and medium transmission examples. The singleport devices were chosen to give a range of reflection values.
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III. VNA CALIBRATION TECHNIQUES
The VNA calibration techniques used by each of the
participants are outlined in this section.
A. NPL
NPL used an external TRL calibration scheme [1] using
multiple air line standards. Each air line was used to calibrate
across the entire frequency band and a weighted mean of the
results taken using weightings based on the suitability of each
line at each frequency.
The uncertainty was derived using NPL’s internally-written
software, assessed to be compliant with ISO 17025.
Traceability to SI units is derived from the internal dimensions
of the air line standards.
B. LNE
LNE used a combination of the standard Short-Open-LoadReciprocal calibration scheme and a Load-Short-Offset ShortReciprocal calibration scheme using the manufacturer
standards definition. Uncertainty evaluation was derived from
the method used internally for the lower frequency ranges and
corresponding connectors. Uncertainty due to the calibration
standards is derived from a comparison of the measured Sparameters of an air line standard against the calculated Sparameters from dimensional measurement, which also gives
traceability to SI units.
C. METAS
METAS used an over-determined calibration technique [2]
with eight calibration standards on each port, including Opens,
Offset Shorts, Flush Shorts and Matched Loads. Uncertainty
evaluation was performed with rigorous uncertainty
propagation through a full measurement model with the help
of the software VNA Tools [2]. The traceability to SI units is
based on the characterization of a set of primary calibration
standards (air lines, offset shorts and flush shorts), taking into
account the effects of the connector interface [3].
D. PTB
PTB used an over-determined short-open-load-thru
calibration technique with six calibration standards on each
port. Uncertainty evaluation was performed with rigorous

Fig. 1. Measurements of the female flush short-circuit deevice reflection
coefficient. The black line shows LNE’s results, the brow
wn line METAS’s
results, the red line NPL’s results and the orange line PT
TB’s results. The top
graph is magnitude and the bottom graph is phase.

g
consistency between
It is arguable that there is good
participants in the magnitude valu
ues for both measurements
presented here. In general, there is
i good consistency in the
magnitude values of the refflection coefficient and
transmission coefficient (where app
plicable) of all devices, with
the exception of the mismatched terrminations.
However, this is not the case for the phase of the reflection
coefficient of the flush short-circuiit, nor is it the case for the
phase of all of the other high reeflect devices used in this
comparison (phases of the refleection coefficient of the
matched terminations and the male-female adaptor are
considered indeterminate for the purpose
p
of this comparison
due to their low magnitude values). Reasons for this are most
likely due to differences and assum
mptions made in the VNA
calibration schemes employed by each
e
participant, the effects
of which may be magnified by the small
s
and delicate nature of
the standards in the 1.85 mm
m coaxial line. Further
investigations are required to und
derstand these differences
fully.
There is arguably good consisttency in the phase of the
transmission coefficients reported by
b each participant.
V. CONCLUSSION

Fig. 2. Measurements of the male-female adaptor transm
mission coefficient.
Refer to Fig 1 for the graph series legend. The top graph is magnitude and
the bottom graph is phase with respect to the phase of thee mean at each
frequency.

uncertainty propagation through the calibratioon algorithm. The
traceability to SI units is based on the standarrd definitions and
uncertainties supplied by the manufacturer oof the calibration
kit.

IV. RESULTS AND DISCUSSION
N
The S-parameter results are presented as they were
received. No reference value is calculated for this comparison.
Results for two of the devices are presenteed graphically in
this summary paper: reflection coefficient off the female flush
short-circuit and transmission coefficient of the male-female
adaptor. The plot of the results can be seen inn Figs 1 and 2. In
all graphs, the black line represents LNE, the brown line
METAS, the red line NPL and the orangee line PTB. The
shaded regions represent uncertainty in eachh measurement at
95 % coverage probability. The reported phhase is presented
relative to the mean of all values at each freqquency to make it
easier to identify inconsistency betweenn the different
measurements.

The results of this comparison are not as consistent as had
been hoped for. Whilst it is clear th
hat current VNA calibration
schemes can be applied when using devices with 1.85 mm
connectors, previously neglected real-world imperfections
become more apparent. See as welll [3] in that respect. Further
work is required to bring the indiv
vidual measurements closer
together for more consistent results..
ACKNOWLEDGE
EMENT
This work was funded through
h the European Metrology
Research Programme (EMRP) Projject SIB62 ‘Metrology for
New Electrical Measurement Quaantities in High-frequency
Circuits’.
The EMRP is jointly funded by the EMRP participating
he European Union.
countries within EURAMET and th

REFERENC
CES
[1] G. F. Engen & C. A. Hoer, “Thrru-Reflect-Line: An Improved
Technique for Calibrating the Duaal Six-Port Automatic Network
Analyzer,” IEEE Trans Microw. Theory
T
Tech., vol. 27, no. 12,
pp. 987-993, Dec 1979
[2] M Wollensack, J Hoffmann, J Ruefenacht,
R
M Zeier, “VNA
Tools II: S-parameter uncertaainty calculation”, ARFTG
Conference Digest, no 79, p 1 – 5, 2012
[3] J Hoffmann, J Ruefenacht, M Wollensack, M Zeier,
R
Line and Offset Short
„Comparison of 1.85mm Line Reflect
Calibration”, ARFTG Conference Digest, No 6, p 1- 7, 2010

