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High-precision S-parameter measure-
ment is the basis for characterizing a
circuit component. The outstanding
measurement accuracy of Vector Net-
work Analyzer ZVR from Rohde &
Schwarz [1] offers the possibility of 
efficiently modelling well-matched
DUTs. Precision measurements call for
ultra-modern calibration techniques
and high-quality calibration standards
along with excellent hardware.

All modern network analyzers claim
very high measurement accuracy since
the S-parameters are displayed with 
an extremely flat frequency response.
Unfortunately, this is a fallacy as pre-
cision measurements still call for sound
background knowledge. The need to

calibrate a vector network analyzer 
as precisely as possible is illustrated by
the following simple example: a well-
matched DUT (return loss 20 dB) is to
be measured and modelled. To carry
out this task to approx. 0.8 dB or 5°
accuracy, the analyzer must have a 
directivity of more than 40 dB. In this
case, matched loads cannot be used as
calibration standards since their return
loss is not sufficient.

Only precise lines can be used as im-
pedance standards for such measure-
ments. ZVR supports the use of lines
with calibration technique TRL (thru, 
reflect, line) [2]. Besides direct connec-
tion of the two test ports and a precise
reference line, this technique requires a
reflection standard whose S-parameters
need not be known. These calibration
standards can be produced very 
precisely in both planar and coaxial
line systems. Difficulties with the TRL
technique occur if the line has a length
of n ·λ/2. In this case, the line shows
the same electric characteristics as 

the through-connection which leads to
dependent equations for the corrective
parameters. The following results show,
however, that this only plays a minor
role in practice. 

To determine the measurement accuracy
of Vector Network Analyzer ZVR in the
frequency range from 10 MHz to 
4 GHz, a high-quality coaxial PC7 air
line from Rosenberger Hochfrequenz-
technik* was employed for calibrating
the ZVR.

In different verification measurements
using the precision PC7 line system, the
63.5 mm long air line behaves like a 
T standard at lower frequencies and
around 2.36 GHz:

c0
f  = ;   n = 1.2 · n · 63.5 mm

As already mentioned, the TRL tech-
nique does not call for a known reflec-
tion standard. Reflection standards 
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* The company based in Upper Bavaria was
founded in 1958 and has become a leading
manufacturer of coaxial connectors and test
equipment for high-frequency applications.

1 1.5 2 2.5 3 4 GHz3.50.5

0.05
dB

-0.05

Frequency

M
ag

ni
tu

de 0

-179.5°

-180.5°

Frequency

Ph
as

e

-180°

1 1.5 2 2.5 3 4 GHz3.50.5

FIG 1 Vector Network Analyzer ZVR used by 
Rosenberger Hochfrequenztechnik

Photo: Schröck-Freudenthaler

FIG 2 Reflection characteristic of short after TRL
correction in Vector Network Analyzer ZVR
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with the same electric characteristics
have to be measured at both test ports 
during calibration. For the “sexless”
PC7 system, this requirement can be
met with high precision since the same
standard can be contacted at both 
analyzer test ports (FIG 1). Therefore,
the calibration standard requirements
of TRL technique are almost perfectly
met. The only shortcomings are the 
finite reproducibility of contacts which
are better than –70 dB for PC7, the
phase stability of the test cable (0.1°
short-time stability for precision cables)
and the deviations from ideal air-line
geometry values. The latter are around
2 µm and limit the return loss of air lines
to approx. 60 dB.

Shorts can also be produced as pre-
cisely as air lines. Since a precision
short in the TRL technique is never used
as a calibration standard, it is good for
verification. FIG 2 shows a TRL-corrected
reflection measurement of a short. 
Given the small deviations of the reflec-
tion measurement of 0.01 dB and 0.1°,
ZVR can be concluded to have an effec-
tive matching of more than 55 dB after
system error correction [3]. 

This excellent matching value can also
be determined directly through the
measurement of a second air line. This
measurement is thus ideal for verifica-
tion since narrowband effects such as
the (n ·λ/2) errors can be analyzed
very precisely. It can be seen that
matching drops to 30 dB at 2.36 GHz

(FIG 3). The consequences of limited
measurement capability at 2.36 GHz
are illustrated by FIG 4 which shows
the verification measurement of a 25 Ω
precision air line used as DUT. The re-
sult – just like that in FIG 3 – also shows
that the ZVR measurement accuracy is
extremely good at 10 MHz although
measurement is very close to 0 ·λ/2.

A very popular verification measurement
is the ripple test [4]  in which a 300 mm
long precision air line terminated with a
short is measured (FIG 5). Calibration
with opens or shorts of finite goodness
shows instead of a linear curve a clear
superimposed ripple which is twice 
the attenuation of this long air line. This
ripple also helps to make conclusions
regarding network analyzer matching.
The ripple invisible here attests the 
excellent quality of the ZVR hardware.

Excellent quality of the hardware and
system error correction software of ZVR
is confirmed by all four verification
measurements performed in the preci-
sion PC7 line system to analyze the
measurement accuracy of Vector Net-
work Analyzer ZVR after TRL calibra-
tion. The minimal errors found can be
fully attributed to the finite performance
data of the calibration elements, verifi-
cation elements and test cables. Thus,

ZVR is an ideal platform for modelling
electric circuits and components to an
accuracy of a few degrees.

Dr. Holger Heuermann
(Rosenberger Co.) 
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FIG 3 Reflection characteristic of second air 
line after TRL correction in ZVR

FIG 5 Reflection characteristic of 300 mm long
air line terminated with short after TRL correction
in ZVR

FIG 4 Reflection characteristic of 25 Ω air line 
after TRL correction in ZVR


