Network Analyzer
Calibration

Uncertainty

A Random uncertainties: due to the noise sources present
in the system components (signal sources, local
oscillators, detectors, receivers). As they vary in time in a
random way they can be reduced with an average
procedure.

A Systematic uncertainties (systematic errors): due to the
non idealities of the components of the measurement
system, these uncertainties do not change over time and
can therefore be evaluated and reduced with calibration.
The residual uncertainties that persist after calibration are
due to imperfections in the calibration standards used.

A Drift errors: due to changes in the analyzer produced by
changes in temperature in humidity and environmental
pressure after calibration has been performed.
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Error Network

Directivity Error (D)
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Source Mismatch Error (MS)
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Load Mismatch Error (ML)
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Other Errors

A Frequency response error in
reflection (FR)

A Frequency response error in
transmission (FT)

A Crosstalk (C)

Flow Graphs

Given a network with fixed variables (incident and
reflected waves) defined at various points (ports)

Each of these variables is associated with a node
(symbol A

The nodes are connected to each other by lines
oriented in the direction of the power flow (branches)

A5 A

Each branch is associated with a value which
represents the multiplicative factor it correlates
the two variables at the ends of the branch (nodes).
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Mason Formula

P,[1- SUL[)+SUL(2)- SUL(3)+..[+P, [1- S? - el
1- SL(1)+SL(2)- SL(3)

T12

Pi = value of the i-th path possible between the two nodes
under examination.

EL (i) = sum-tlodrderaihge possi bl e

E (k) L (i) = dhorderongs al |l poss

no points in common with the k-th path.

Network Analyzers with
Manual DUT Rotation
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Network Analyzers with
Manual DUT Rotation
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Network Analyzers with
Automatic DUT Rotation

reflected or reflected or
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16 Error Network
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Calibration Procedure
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SOLT Technique
(Short, Open, Load, Thru)
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Short, Open, Load
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8 Parameter Calibration
Techniques
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Three partially known DUTs are used
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Txx Techniques
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Line-Reflected-Line = LRL
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Conclusions

A In conclusion, the most widely used techniques are SOLT
and TRL.

A The SOLT is usually preferred when measurements are to
be made at low frequency and in coaxial cables, ie with
components or devices accessible via coaxial connectors.
In fact, in coaxial technology, and at low frequencies, it is
Iquiée simple to realize opens, shorts and mobile adapted
oads.

A TRL is preferred for devices not in coaxial and at
millimetric frequencies. The advantage of the TRL in these
cases is related to the fact that the TRL standards are
generally simpler to implement than those of SOLT. In
particular, the matched load, which is difficult to accurately
achieve in particular at high frequencies, is not required.

Reference technique

A A calibration technique used in some cases is that of "normalization”
(reference) which consists in making a measurement with a short or
an open (to calibrate reflection measurements) and with a through
termination (for transmission measurements). These reference
tracks are stored in the analyzer memory.

A For the short we have 8811 a&= 1 and then S11dB = 0, while with the
through termination we have &521 as= 1 and therefore S21dB = 0.

A When the measurement is made, the DUT is inserted and the
measurement of S11 and S22 is compared to that in memory. With
this technique only errors related to the frequency response are
corrected. There is also an improved version of this technique which
consists in using as a reference for reflection the average of the
measurements between a short and an open.
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SOLR Technique

Another solution for calibrating devices is to use the SOLR
technique.

This technique uses the usual short, open and matched loads for
calibration, but instead of a direct connection, it uses a reciprocal
component (reciprocal thru - R).

In practice, instead of the direct connection a two-port component is
used which may also be unknown (unknown thru) and which must
have the only characteristic of being reciprocal and having an input-
output phase shift known within 90 ° at the highest analyzed
frequency, ie the group delay must be known within a quarter of a
period always at the highest working frequency (an EM field in air
covers about 3 mm in 10 ps).

Although SOLR is a variant of SOLT it is based on the 8-term error
model that was seen for TRL. So, like the TRL technique, it can be
applied only on network analyzers with automatic DUT rotation and
with 4 receivers.

Electronic Calibration Kit

The calibration kits used in SOLT or TRL are mechanical kits,
consisting of loads that must be successively tightened and
disconnected from the network analyzer access connectors.

This procedure is slow and laborious and, to guarantee a certain
repeatability in the connections, it also requires the use of torque
wrenches. These problems have been solved with the introduction of
electronic calibration kits.

These kits consist of a single DUT that is connected to the analyzer's
ports. The DUT typically allows to select, with electronic switches,
one of four standard reflective loads, and a load in transmission. The
four reflective loads are connected to the two inputs of the analyzer
and are used to calculate the three independent parameters of the
input error network.

In this way we have more equations than unknowns and we use a
least squares fit to solve the system. Finally, it is important to
remember that to ensure repeatability of the calibration the
calibration DUT is thermostated.
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