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T

est systems used
for noise parameter measurements
are known to involve
complex setups and calibration procedures. The
absolute accuracy of calibration techniques for
noise parameter measurements systems is not
easily determined and alternative methods
are needed for routine system validation.
Among the different methods that have been
proposed to test the accuracy of the noise characterization systems, both passive and active
test structures have been explored as verification paths [1, 2]. Previous work was reported
by V. Adamian analyzing the Available Gain of
a-two port device by different methods [3], this
procedure does not include a benchmark
device measured repeatedly, just the validity
of the noise parameter instrumentation
against the VNA measurements [3].
Passive structures, based on Lange couplers were used by Ali Boudiaf et al. [5].
Common-gate cold FETs were implemented to
test the accuracy of the Noise Parameter testset by L. Escotte at al. [6]. These methods also
provide a check where noise parameters are
calculated independently from measured Sparameters, however, errors due to ENR
source calibration uncertainties and malfunction are not determined. Also, any accuracy
issues that may be related to high gain DUTs
causing receiver dynamic range related nonlinearities (usually alleviated by adding IF or
RF attenuation to the sytem), for example,
would not be tested with passive verification
devices.

This paper examines the
technique of comparing
different measurement
methods using actual
devices, rather than relying
on traditional calibration,
which may differ between
the methods used.
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As a somewhat more direct validation
method explored in this work, suitably prepared transistor samples can be effectively
utilized as a means by which to validate noise
parameter test system calibration, including
addressing dynamic range related inaccuracies, as well as establishing benchmark data
for interpreting data acquired from different
test systems or software methods. As part of
this work, measurement comparisons were
made by the authors using three such “benchmark transistors” with widely different performance characteristics. For the sake of
brevity, results for one of these transistors are
shown in this paper. Various metric differences are proposed for use in combination
with such benchmark transistors for relative
comparison of noise parameter test results
with historical benchmark data.

Description of the System and the
Benchmark Devices
Generally, noise characterization measurement systems implement manual or automated tuners on each end of the device under test
(DUT). By means of the tuners, input and output matching networks of a low-noise amplifier stage can be simulated so that the noise figure and gain can be measured directly. For
this paper, the system used corresponds to
what we will refer to as a “NP5 system,” this
one implement automated tuners and is originally manufactured by ATN Microwave Inc.,
now sold and supported by Maury Microwave
Corporation. The NP5 system is based on the
original method published by Adamian and
Uhlir [7]. Two different NP5 Systems available locally have been utilized in the present
work (2 to 26 GHz and 0.3 to 6 GHz systems).
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All results in this paper are focused in one particular
chip transistor type, the MWT-1 from Microwave
Technologies Inc. [11]. The bias condition used for this
component in the present study is IDS = 50mA and VDS =
3.5V. Using this transistor with the previously mentioned
bias conditions, the Minimum Noise Figure, Fmin , starts
from 0.4 dB at 2 GHz and ends at 3.5 dB at 26 GHz. Also
Rn remains between 1 and 145Ω in all the range of frequency from 2 to 26 GHz.

Metrics Used to Compare Noise Parameter Results
When analyzing repeated measurements of the same
benchmark device, one thing to compare is the Minimum
Noise Figure measurement Fmin. It was decided to utilize
the following expression:
∆Fmin ( f ) dB = Fmini ( f ) dB − Fmin j ( f ) dB

(1)

A comparison of Rn measurement results is enabled by
the following expression:
∆Rn ( f ) Ω = Rni ( f ) Ω − Rn j ( f ) Ω

(2)

It should be noted this is not the only possible expression that could be used as a metric, and further exploration might involve some form of normalization of this
expression to arrive at a unit-less metric for Rn.
For comparison of the different values of Γopt obtained
during the noise parameter measurements, the following
expression magnitude of vector difference is proposed:
∆Γ opt = Γ opti − Γ opt j

(3)

Summary of Experiments and Results
Table 1 illustrates the relevant measurement conditions. Three samples of the MWT-1, over a metallic Kovar
carrier, were used for the analysis of this transistor as a
Benchmark Device. Several experiments were performed
as follows:

Figure 1 · ⏐∆Fmin⏐ for MWT1, measuring same sample using the
same calibration (Experiment 1).
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Table 1 · Measurement conditions for MWT-1.

1. Using same sample and calibration during the same
day of measurements (Experiment 1),
2. Using different samples on the same day and calibration (Experiment 2),
3. Using the same sample on different days
(Experiment 3), and
4. Measuring the same sample in two different systems (Experiment 4).
Figures 1 to 3 illustrate the comparisons developed
over the obtained results from experiment 1.
From obtained results, it is possible to state that
experiment 1 represents the best scenario for system
repeatability measurements as it indicates only system
repeatability. With all other measurement conditions (e.g.
averaging) the same this should be the best attainable
comparison.
The set of comparisons developed from the obtained
results of Experiment 2 are illustrated in Figures 4 to 6.
Experiment 2 shows that using different samples results
in the largest differences obtained. The principal reason,
this experiment measures the repeatability between samples which turns out to be larger than measurement
repeatability in this case. Hence, relying on prior mea-

Figure 2 · ⏐∆Rn⏐ for MWT1, measuring same sample using the same
calibration (Experiment 1).

Figure 3 · ⏐∆Γopt⏐ for MWT1, measuring same sample using the
same calibration (Experiment 1).
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Figure 4 · ⏐∆Fmin⏐ for MWT1, measuring different samples using the
same calibration (Experiment 2).

Figure 5 · ⏐∆Rn⏐ for MWT1, measuring different samples using the
same calibration (Experiment 2).

Figure 6 · ⏐∆Γopt⏐ for MWT1, measuring different samples using the
same calibration (Experiment 2)

Figure 7 · ⏐∆Fmin⏐ for MWT1, measuring same sample on different
days (Experiment 3).

Figure 8 · ⏐∆Rn⏐ for MWT1, measuring same sample on different days
(Experiment 3).

Figure 9 · ⏐∆Γopt⏐ for MWT1, measuring same sample on different
days (Experiment 3).

Figure 10 · ⏐∆Fmin⏐ for MWT1, measuring same sample on different
systems, 6 GHz and 26 GHz
(Experiment 4).

Figure 11 · ⏐∆Rn⏐ for MWT1, measuring same sample on different
systems, 6 GHz and 26 GHz
(Experiment 4).

Figure 12 · ⏐∆Γopt⏐ for MWT1, measuring same sample on different
systems, 6 GHz and 26 GHz
(Experiment 4).

surement data on a different sample of the same device
type is not the best benchmarking strategy.
Figures 7 to 9 illustrate the results obtained from
Experiment 3. In this experiment, the results generally
maintain lower differences compared with Experiment 2.
Also, as expected, differences are slightly larger than the
ones obtained in Experiment 1 because of the implementation of different calibrations and variation of conditions
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day by day.
Figures 10 to 12 illustrate the comparisons developed
from the results obtained from Experiment 4.
Repeatability of results in the overlapping region confirms good (comparable) performance of both systems in
this band.
A summary of maximum differences for MWT-1, presented in Table 2, is used for the analysis of the results.
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sure the benchmark device to check for potential
degradation in the calibration or test system drift. If
a recalibration is performed, do not forget to measure the benchmark device again.

Conclusions
This paper explores the use of benchmark transistors
for noise parameters measurement system verification.
The results suggest that:
Table 2 · Summary of maximum differences for MWT-1
in the four experiments.

A Possible Strategy for Noise Parameter Validation
To create a data base for benchmarking purposes, the
next 3 steps can be followed:
1. Classify benchmark devices depending of noise level
and/or technology of the possible DUTs, also test fixture and probe size.
2. Measure multiple samples of a given benchmark
device as many times as practical under different
conditions (varying calibration, days and samples)
and perform the noise parameter comparisons.
3. Create a data base with these results that is updated with each new session. They will be the baseline
used to judge the accuracy of future noise system
calibrations. During this process also start formulating guidelines based in the collected information,
they include the margin of differences permitted for
benchmarking purposes. Data on multiple samples
will allow for having backup pre-characterized
devices in case of failure of the primary benchmark
device.
To determine the accuracy of the calibration, before
and after new DUT measurements the following actions
are suggested:
1. Select the benchmark device to use for calibration
and setup verification depending of component similarities: expected noise level and/or technology of
the DUT, also test fixture and probe size.
2. After system setup and calibration, but before new
DUT measurements, measure the selected benchmark device and compare measurements with historical benchmark data and acceptable margins for
metrics like those of equations (1) through (3).
3. Save the result of new measurements and add it to
the benchmarking data set for future use and statistical analysis.
4. Finally, after you have completed DUT measurements, or periodically during long sessions, re-mea24
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• Suitably prepared transistors can be used as local
reference standards for noise parameter measurement verification.
• Developing an inventory of “known good data” on
different benchmark transistors, from different technologies and probe footprints, allows verification of
the system in close coordination with the device to
be measured.
An example was shown herein (Experiment 4) of
using a benchmark device measurement to compare two
different systems with overlapping frequency ranges the
results provided a good means of verification of the one
measurement system against another.
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