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DRAFT PROCEDURE FOR THE ASSESSMENT OF
VECTOR NETWORK ANALYSERS (VNA)

Foreword

This report contains the latest draft version of a guidance document "Assessment of vector
network analysers". This version has been sent to me by Jan de Vreede, Convenor of the EA!
Experts Group on HF Electrical Quantities. He also included a covering letter explaining that
the draft is being distributed for comment to accreditation bodies, technical experts and user
groups, such as ANAMET.

This ANAMET Report reproduces this draft document along with Jan's covering letter. Any
comments concerning the document can be sent straight to either Jan or myself. This document
supersedes an earlier draft version circulated in September 1996 as ANAMET Report 002.

Nick Ridler
Centre for Electromagnetic Metrology
National Physical Laboratory

September 1998

. EA stands for European cooperation of Accreditation, formerly known as EAL

(the European cooperation of Accreditation of Laboratories).



Form. 913

Nederlands Meetinstituut

Date To

Whom it concerns
1 July 1998

Your reference

Our reference

98/VSL-HF041/)V

Subject
Draft Guidance document on VNA

Dear Madam/Sir,

This covering letter concerns the latest draft (draft 5) of a guidance document "Assessment of Vector
Network Analysers (VNA)" which is under discussion within the technical expert group of EA (Euro-
pean cooperation of Accreditation), formerly EAL (European cooperation of Accreditation of Labora-
tories).

This draft is distributed for comment to accreditation bodies, their technical experts, experts within

national standards laboratories and individuals interested in high frequency measurements using
VNAsS.

Two main topics are discussed in the document:

- assessment of traceability: there should be an unbroken verifyable chain between measurement
results and (inter)national standards (covered by accreditation, where applicable)

- assessment of uncertainty in the measurement result, using the latest version of the I1SO Guide on
the Calculation of Uncertainty in Measurement (or EAL-R2, where applicable).

The previous draft (draft 4) was published in 1996 within EA(L), edited by Geoff Orford, at that time

at UKAS, UK. After distribution among accreditation bodies and discussions in some users groups in

Europe (e.g. Anamet, UK), a number of comments has been received, most of which have been

incorporated in the new draft.

The comments mainly concern:

1. relevance of the model used;

2:  the model doesn't take into account S,,-measurement on a two-port device;

3:  the relation between directivity and test port match is not such that a subtraction of the effec-
tive directivity can be done when determining the effective test port match;

4:  phase uncertainty is not covered.

In the present draft, as well as in the previous draft, an uncertainty model is used.

In principle, two different approaches can be used in uncertainty evaluations:

- adetailed mathematical mode! of the measurement set-up with 'a priori* uncertainty calculation
based upon the knowledge of the standards used. Changing the model leads to changes in the
calculation: each model has to be covered.

- ablack-box approach with 'a posteori' uncertainty calculation, using known devices (‘standards')
the performance is checked. To minimize the number of known devices to be used (for which

traceability should exist), a simplified model is used. Of course, it should not underestimate the
real uncertainties.

Dr. J.P.M. de Vreede Telephone  +31 15269 1500
NMi Van Swinden Laboratorium Telefax +31152612971
P.O. Box 654 E-mail JdeVreede@NMi.nl

2600 AR Delft (NL)



The latter method is preferred by us, as it will also include the operator experience and is based on
actual measurements.

The second and third point are covered in the new draft. Uncertainty in phase is not yet inciuded, but
may easily be done, if one agrees with my proposal below (An open question is where and how).

My proposal for phase uncertainty is based upon a well-known practice. The uncertainty in a vectorial
quantity has a circle of uncertainty. In this case its radius is equal to the uncertainty of the magnitude

of the vector. The phase uncertainty is then calculated from arcsin(AS/S), where S refers to the rele-
vant S-parameter.

| like to apologize for the actual wording of the draft: as a non-English native speaker/writer | have
done my best in providing a consistent text, while editing.

I would appreciate receiving comments from you, concerning both the traceability aspects and the
uncertainty aspects. A response before end October 1998 is highly appreciated, as this draft with the
received comments will be discussed in our next EA meeting in December 1998.

Yours sincerely,

Jan de Vreede,
Convener of the EA Experts Group on HF Electrical Quantities.
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DRAFT PROCEDURE FOR THE ASSESSMENT OF
VECTOR NETWORK ANALYSERS (VNA)

Contents:

1. Introduction

2. Documentation

3. Reference Standards

4. Mathematical models and Calibration

5. Uncertainty assessment for One-port measurements
6. Uncertainty assessment for Two-port measurements
7. Calculation of Uncertainty

8. Examples of Uncertainty Budgets

1. Introduction:

This document describes the measurement procedures which are normally to be carried out for an
assessment of VNAs to meet the requirements of accreditation against EN54001. The principles given in
this document apply to any frequency range for which VNAs can be used and to any transmission medium,
however, some of the techniques given for the assessment of uncertainties are only applicable to coaxial
lines at frequencies above 500 MHz. The procedures specifically apply to measurements in coaxial line
fitted with the following connectors having mating surfaces conforming to the relevant IEC 457
Recommendation or to the IEEE Draft Standard P287 (The procedure may have to be modified for other
types of connector):

Line Diameter Connector
14 mm GR 900 (or equivalent)
7 mm Type-N (precision N)
7 mm APC 7 (or equivalent)
3.5 mm APC3.5

Whilst the calibration of a2 VNA must, by definition, cover phase as well as magnitude capabilities, the
uncertainties produced using this document are only applicable to magnitude quantities.

2. Documentation

The laboratory should conform to the normal requirements of accreditation with respect to procedure
documents that describe the calibration and use of the VNA, this should include at least the following:

- General description of equipment
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- List of reference standards and ancillary equipment

- Operating instructions (reference to manufacturer's documents)
- Method of calibration (reference to this document)

- Uncertainty analysis and uncertainty budgets

- Precautions for connector use

- Requirements for environmental conditions

- Other precautions to be taken

Reference Standards

A number of standards will be required as follows:

3.1

32

A Calibration Kit

At least one calibration kit will be required for each connector type. The calibration kit supplied by
the manufacturer will normally suffice. The calibration kit or kits used must be specified and
uniquely identified in the procedure document. Each kit should contain a good short-circuit
standard capable of supporting the inner-conductor of a beadless reference air line.

A set of Beadless Airlines

At least one beadless reference airline will be required for each type of comnmector, with
appropriately dimensioned contacts at each end. The nominal length of the airline should be
between 75 mm and 300 mm. Its physical dimensions should be recorded, together with their
estimated uncertainties, after measurement by a method which is traceable to national standards.
The relevant dimensions are:

a) the length between the mating faces of the outer conductor

b) the length of the inner conductor [for sexless connectors this should be measured
from end to end. The reference surface for measurement of a female contact should
be its end. That for a male contact should be the shoulder formed at the nominal
inner-conductor diameter]

c) the average outer diameter of the inner-conductor
d) the average bore diameter of the outer-conductor.

A beadless airline supplied as part of a VNA manufacturer's verification kit may be used if its
dimensions are suitably certified.

The geometrical length and ratio of bore and outer diameters can be used to determine the phase
shift introduced by the airline and the nominal characteristic impedance of the airline. A conversion
between geometrical and electrical characteristics should be done.

A calibrated step attenuator or a set of fixed attenuators

These are used to verify the linearity of the VNA with respect to the national standards for RF
attenuation. A series of fixed attenuators can be used for this purpose, e.g. 3, 6, 10, 20, 30, 30 dB
attenuators can be used to generate steps up to 90 dB or higher. However, a step attenuator will
generally provide a more repeatable measurement, particularly if a programmable attenuator is
used. The attenuator need not normally be calibrated at more than one frequency, although
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traceability to national standards will be required at this frequency. Its purpose is to check the
linearity of both channels of the VNA by carrying out full-two-port calibrated S21 and S12
measurements. The measurements are normally carried out at one frequency in the range of
approval. The frequency should be toward the bottom end of the frequency range where the
attenuator has better repeatability, normally below 100 MHz for 2 VNA with 45 MHz to 18 GHz
frequency range. The attenuator, or attenuators should be capable of covering the full dynamic
range for which accreditation is sought.

34 A Traceability Kit

The purpose of this kit is to demonstrate traceability to national standards on a continuing basis. The
contents of this kit will have to be agreed with the accreditation body. For one connector type for
which accreditation is sought, a kit similar to a manufacturer's verification kit will be needed,
augmented by additional components. These additional components will comprise at least one fixed
attenuator and at least one broadband mismatch, both to be measured at a number of frequencies
covering the accredited frequency range. For subsequent connector types a kit similar to a VNA
manufacturer's verification kit will suffice.

4, Mathematical models and Calibration

Different mathematical models and associated calibration measurements are used to bring a VNA in full
operational specifications (the so-called calibration of the VNA). Instead of trying to implement all possible
models a blackbox approach is used for uncertainty assessment. An analysis is necessary to assure that such an
approach is adequate for a specific VNA set-up.

Before starting the calibration first check and clean all connectors to be used. Calibrate the VNA in accordance
with the procedure document for the relevant measurements across the full frequency range of accreditation.
Use 200 or more frequency points for obtaining reliable measurement data. Check that the calibration is valid
by measuring a previously known standard.

Assessment as given below should be carried out for all relevant S-parameters, and for other connector types,
where appropiate.

5. Uncertainty assessment for One-port measurements, U,

For measurements of S, and S,, the error model for a VNA can be represented using only the major error
terms as follows:

Uwme =D +TT + MT? + R,

where:
r 1s the Measured Voltage Reflection Coefficient
D 1s the Measured Effective Directivity
T is the Estimated Tracking and Linearity
M is the Measured Effective Test Port Match
Ryrc  represents all the Random contributions

The above expression is not intended as a definitive model of all error terms. The values for the terms are not
used as corrections, i.e. they all have an assumed value of zero, but for each one there will be an associated
uncertainty. These uncertainties should be based on measured data, where this is possible and other sources,
such as the manufacturer’s specifications, where measurements cannot provide a good estimate of the
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uncertainty. The random contributions will include at least the following:

System repeatability (Resolution)
System repeatability (Noise)
Connector repeatability

Effects of cable flexture

Effects of ambient conditions

The term effective, as in effective directivity, is used to denote the residual directivity after a full
calibration of the relevant ports using the specified calibration kit has been carried out.

The following procedures can be used to obtain data on the uncertainty contributions mentioned above (for
simplicity it is assumed that the measurements takes place at port 1);

5.1

52

Measurement of Effective directivity

Connect the traceable beadless airline to the measurement port and terminate it with a suitable
"matched" load (a load with Voltage Reflection Coefficient (VRC) in the range 0.1 to 0.2 is most
suitable). Make a measurement of s11 and Display 'linear' magnitude against frequency on the VNA
screen. Use 'autoscale’ or some other means to provide suitable axis scaling.

The display should show a discernible sinusoidal 'ripple' superimposed on the VRC plot of the load

itself, see fig 1. Compute the effective directivity, D, as a function of frequency from the magnitude of
the ripple: :

Maximum Ripple Amplitude
2

D =

The maximum ripple amplitude should be obtained from adjacent peaks and troughs with adjustment
made for any slope caused by the variation with frequency of the VRC of the terminating load. A
technique can be used to remove the effect of the load so that the ripple, caused by the interaction of
the phases between the directivity component and the load, can be displayed or plotted by itself. This
will produce a plot that makes the measurement of the ripple amplitude much easier, however, if such
a technique is used plots with and without the load VRC should be retained. The plot gives some
indication of the variation of effective directivity with frequency and will normally show a worse
directivity at the higher frequencies. More discrimination, i.e. more ripples, will be obtained in
proportion to the length of the airline, a 300 mm airline will give ripples with a period of 500 MHz
and a 100 mm line 1500 MHz. The line length will clearly limit the lowest frequency at which a
meaningful result can be obtained, it should be possible to make a reasonable estimate of the effective
directivity at frequencies down to 1 GHz using a 300 mm airline. For purposes of assigning a value for
D it is recommended that the frequency range is not subdivided into more than three ranges, eg 1GHz
- 8 GHz.; 8 GHz - 12 GHz; 12 GHz - 18 GHz.

The procedure may be repeated with other airlines to check for consistency and should in any case be

repeated several times using the same airline both with and without performing the VNA calibration

procedure so that a good estimate can be made of the random variations in the value for effective
directivity.

The effective directivity should normally be in the range 0.002 to 0.02 (-54 dB to -34 dB)
Measurement of Effective Test Port Match

This procedure is identical to 5.1 except that the short circuit (section 3.1) is used in place of the
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matched load to terminate the airline.

In this case the VNA display (again in linear magnitude mode, after suitable scaling) should show that
the loss of the line increases regularly with frequency, but superimposed upon this there will be a
ripple which typically increases in amplitude with frequency (though not necessarily monotonically),

see fig 2. Compute the 'effective test port match', M, as a function of frequency from the magnitude of
the ripple:

MaximumRipple Amplitude
2

This result is influenced by the effective directivity, D since the ripple obtained for this measurement
will include both effects. It is only possible to obtain an approximate value for M applicable to the
complete frequency range. However, since the uncertainty due to the test port match is obtained by
multiplying by I its effect will only be apparent when measuring relatively large values of I'. The
value of D gives an estimate of the uncertainty of the effective test port match M.

M=

Measurement of linearity

The uncertainty due to linearity is obtained from the procedures given in 6.1

Tracking

It is considered that the effect on the overall uncertainty for reflection measurements caused by
imperfect tracking between the incident and reflected signals will be relatively small and it is
satisfactory to use the manufacturer's value for this contribution.

System repeatability

The system repeatability can be divided between repeatability using the same calibration and
repeatability after recalibration. Tests should be conducted to determine the standard deviation of a
series of readings using the same calibration without reconnecting the device being calibrated. This
test gives a measure of the basic repeatability due to resolution and noise of the system and should be
performed for several values of reflection coefficient at a number of frequenciés, the internal
averaging figure used should be recorded. Tests should also be made of the typical repeatability after

recalibration, again this should be performed at a several values of reflection coefficient and several
frequencies.

Connector Repeatability

The test described in 5.5, when a recalibration is performed, will include contributions from
connectors on the test ports and the calibration standards and it is difficult to separate out these effects.
Normally the item being calibrated will be the dominant contribution to connector repeatability,
however, it will not always be practical to make repeat measurement on this device, although this is
recommended. One approach is to make a series of measurements of "typical" devices by simply
reconnecting the device without a recalibration and to use the standard deviation of these results as a
basis for estimating a global figure for connector repeatability. Separate assessments will be required
for different conmector types and over a range of frequencies. The more devices used for this

assessment the more reliable will be the estimate of the uncertainty and it is recommended that this
data is added to on a continuing basis.

Cable Flexture
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Where cables are used to connect the device being calibrated there is a possibility of errors if the cable
is moved after the calibration has been performed. A series of repeat measurements should be
undertaken to determine the change in readings when only the cable position is changed in a defined
way, e.g. bend through an angle of 90°. It is important to describe and record the way the cable
position is changed so that the measurements can be repeated at a later date. Several typical cable
positions should be assessed so that a global figure for the uncertainty can be assigned. The
measurement should be performed over the accredited frequency range.

Ambient Conditions

Ideally VNAs should be operated in typical laboratory conditions, e.g. 18°C to 25°C and RH 20% to
60% and if this is the case the manufacturer's specification can be used as a basis for estimating this
uncertainty. Other than the contribution of the device being calibrated, which will have to be assessed
at the time of measurement, the most sensitive devices are probably the airlines used in the calibration
process but provided they are used within the above conditions their contribution will be negligible. It
is often rapid changes in ambient temperature that can effect results, especially if there is a significant
change between when the calibration is performed and when the device is calibrated, and this should
be taken into account when assessing the uncertainty due to ambient conditions.

Uncertainty assessment for Two-port measurements, U,z and Up,,

For measurements of S, and S,, of two-port devices a similar uncertainty model can be used as for one-port
measurements, but taking into account also the Effective Load Reflection Coefficient I', (at the other port)
attenuated by the nominal attenuation of the device under test, S,;:

UVRC=D+7T+MF2+RVRC+5221FL

The Effective Load Reflection Coefficient can be assumed to be equal to the Effective Directivity.

For measurements of S;, and S,, the error model for a VNA can be represented using only the major error
terms as follows:

where:

Um=L+M;, +1+R,

L is the measured System Linearity

My, s the calculated Mismatch

I is the estimated or measured Isolation
Ry represents all the Random Contributions

As with reflection measurements, the above expression is not the definitive error model but indicates how the
major terms contribute to the uncertainty. Contributions should be based on measured results wherever
possible. The random contributions will be from similar sources as reflection measurements:

System repeatability (Resolution and Noise)
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Connector repeatability
Effects of cable flexture
Effects of ambient conditions

Measurement of Linearity

The VNA should be calibrated according to the accredited procedure for S,, measurements. The
procedure then consists of measuring the step attenuator (section 3.3), at the frequency for which
traceability to national standards has been established, with reference to the zero setting of the
attenuator. No other attenuators should be included in the circuit and the source level should be set to
the level specified in the measurement procedure, this is to ensure that the level at the detectors is
approximately the same as it would be for normal measurements. It is recommended that results are
obtained at not greater than 5 dB steps over the range for which- accreditation is. required and, if
possible, at 10 dB greater than this range, e.g. if the accredited range is 0-70 dB results for the range
0-80 dB should be obtained. It is important that random effects are minimised therefore the results
should be obtained from a sufficient number of repeat measurements, particularly at the high levels of
attenuation. The internal averaging figure should always be adequate for the attenuation step.

It is not normal practice to correct for the linearity errors in VNAs and the results obtained from the
measurements mentioned above provide an estimate of the uncertainty that should be assigned to this
contribution, in the form AdB/dB. A plot of the difference between the VNA result and the calibration
value against the reference attenuator value is the recommended method for estimating a reliable
figure for the linearity uncertainty. The linearity should be assessed from the results between 0 dB and

50 dB since beyond this setting the effects of imperfect isolation will contribute to the errors (see also
section 6.3).

Mismatch

There will be an uncertainty due to mismatch arising from the residual source and load reflection
coefficients and the input and output reflection coefficients of the item being measured, this is

12 (MS,,| + 0, S ] + |MT,S,,S,] + ML, $,5,))

Mm = 20log,, 1+IMHF ’
x L

obtained from:
where M 1s the Effective Test Port Match
I 1s the Effective Load Reflection Coefficient
Si1, Sa2s S12, Sy, are the Scattering coefficients of device being measured.

The Effective Load Reflection Coefficient can be assumed to be equal to the Effective Directivity.

Isolation (Crosstalk)

The effects of imperfect isolation between the two ports can be based on the manufacturer's
specification figure but this should be checked using the linearity test results at readings above 50 dB.
The isolation uncertainty will not be a linear function of the measured attenuation and can be
calculated for each measured value of attenuation. However, it is usually more convenient to express
the uncertainty as a linear function of the measured attenuation, broken down into ranges of say 5 dB
e.g., an isolation of 90 dB will give the following approximate uncertainties:
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60 dB to 65 dB +0.47 dB
65 dB to 70 dB +0.82 dB
70 dB to 75 dB +1.4dB
75 dB to 80 dB +2.4 dB

The effects of isolation will vary with frequency, therefore measurements should be made at different
frequencies over the accredited range, using attenuators with adequate isolation, in order to check the
validity of the manufacturer's specification figures.

System repeatability (resolution and noise)

As far as resolution is concerned, see section 5.5. However, the contribution from noise will have a
relatively greater impact on transmission measurements and should therefore be assessed for this
parameter. The contribution from system noise can be assessed using the step attenuator by making a
series of measurements at various levels of attenuation, without recalibration. The uncertainty is
obtained from the standard deviation of these repeat measurements and should be assessed at different
internal averaging settings. The noise contribution will be dependent on the level of signal reaching
the detector and will therefore be dependent on source level and attenuator setting, it is therefore
important that these values are recorded. The noise contribution will change significantly with
frequency due mainly to the reduction in available signal level at the detectors as the frequency
increases. The effect of noise must therefore be evaluated at various frequencies over the range of
operation.

Calculation of Uncertainty

The uncertainty contributions should be combined in accordance with EA recommendations to provide an

expanded uncertainty based on a coverage factor of k = 2 (a level of confidence of approximately 95%). The
following points should be considered:

- While most of the contributions can be considered as being uncorrelated there is a possibility
that the effective directivity and effective test port match will be correlated to some extent,
due to the common factors in the calibration process of a VNA. It is beyond the scope of this
document to provide guidance for the evaluation of the correlation coefficients of these
contributions and it has not been possible to find any references for such evaluation. It is
therefore recommended that, in the absence of reliable information, a correlation coefficient of
+1 is assumed, which means that the uncertainty contributions for directivity and test port
match should be added together before being combined with the other contribution in the
usual way, i.e. root-sum-of-squares.

- The contributions that are dependent on the relative phase of two vectors, such as directivity
and test port match will have a probability distribution which is a U-shaped form. The
standard uncertainty for these contribution is obtained by dividing the limit value by sqrt(2).
However, when making transmission measurements, the uncertainty contribution calculated
using the expression given in section 6.2 will be the contribution of three U-shaped
contributions and it may argued that a rectangular probability distribution is to be assumed for
this contribution. A normal distribution can be assumed for the uncertainties derived from
measured data (type A evaluations). It is recommended that a rectangular distribution is
assumed for the effects of ambient conditions and manufacturer’s data, unless there is
evidence that the distribution is normal. The choice of the form of the probability distribution
for the smaller contributions will, in general, have little effect on the expanded uncertainty and

it is therefore not necessary to make a detailed study of the likely probability distribution for
these contributions.
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8 Example Uncertainty Budgets

The uncertainty budgets given in this document are not intended to imply any mandatory requirement. They
provide guidance on what would be expected for the general approach to documenting the uncertainties

derived from using the methods given in this document. These examples do not cover the complete capabilities
of typical VNAs.

8.1 One-port Reflection Measurements (magnitude of voltage reflection coefficient )

Frequency range = 30 MHz to 18 GHz

VRC range =0t00.2

Effective directivity = 0.01

Effective test port match = 0.01
Contribution Estimate Uncertainty Distribution Divisor Standard

for VRC = 0.2 Uncertainty

Effective Directivity 0.01 0.01 U-shaped V2 0.0071
Effective Test Port match 0.01 0.0004 U-shaped V2 0.0002
Sum of correlated quantities 0.0104 U-shaped V2 0.0073
Tracking and Linearity 0.02 0.004 Rectangular V3 0.0023
System Repeatability 0.005 0.005 gaussian 1 0.005
Cable Flexture 0.002 0.002 gaussian i 0.002
Ambient Conditions 0.002 0.002 rectangular V3 0.001
Connector Repeatability 0.005 0.005 gaussian 1 0.005
Combined Standard Uncertainty B : 0.011
Expanded Uncertainty (k = 2) ' 0.021

8.2 One-port Reflection Measurements  (magnitude of voltage reflection coefficient )

Frequency range = 18 GHz t0 26.5 GHz

VRC range =0.61t00.8

Effective directivity = 0.015

Effective test port match = 0.02
Contribution Estimate Uncertainty Distribution Divisor Standard

for VRC =0.8 Uncertainty

Effective Directivity 0.015 0.015 U-shaped \2 0.0106
Effective Test Port Match 0.02 0.00128 U-shaped V2 0.009
Sum of correlated quantities 0.0278 U-shaped V2 0.0196
Tracking and Linearity 0.02 0.016 Rectangular V3 0.0046
System Repeatability 0.005 0.005 gaussian 1 0.005
Cable Flexture 0.004 0.004 gaussian 1 0.004
Ambient Conditions 0.002 0.002 rectangular V3 0.001
Connector Repeatability 0.01 0.01 gaussian 1 0.01
Combined Standard Uncertainty 0.025
Expanded Uncertainty (k = 2) 0.050
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8.3 Transmission Measurements (Attenuation magnitude)
Frequency range = 100 MHz to 8 GHz
Attenuation range = (dBto20dB
Linearity = 0.002dB/dB
Effective isolation = 90 dB
Effective source match = 0.01 VRC
Effective load match = 0.01 VRC
sl and 522 = 0.05 (maximum)
Contribution Estimate Uncertainty Distribution Divisor Standard
dB for 20 dB Uncertainty dB
Linearity 0.002 dB/dB 0.04 gaussian 2 0.02
Mismatch 0.01 0.01 rectangular V3 0.0058
Isolation 0.0 0.0 rectangular V3 0.0
System Repeatability 0.001 0.001 gaussian 1 0.001
Noise 0.002 0.002 gaussian 1 0.002
Cable flexture 0.005 0.005 gaussian 1 0.005
Ambient Conditions 0.002 0.002 rectangular V3 0.0011
Connector Repeatability - 0.01 0.01 gaussian 1 0.01
Combined Standard Uncertainty ! ’ o 7 ' L 0.024
Expanded Uncertainty (k = 2) g 0.048
8.4 Transmission Measurements (Attenuation magnitude)
Frequency range = 8§ GHzto 18 GHz
Attenuation range = 60dBto 70 dB
Linearity = 0.002 dB/dB
Effective isolation = 90dB
Effective source match = 0.01 VRC
Effective load match = 0.01 VRC
s11 and s22 = 0.05 (maximum)
Contribution Estimate Uncertainty Distribution Divisor Standard
dB for 70 dB Uncertainty dB
Linearity 0.002 dB/dB 0.14 gaussian 2 0.07
Mismatch 0.01 0.01 Rectangular V3 0.0058
Effective Isolation 0.83 0.83 Rectangular \3 0.479
System Repeatability 0.001 0.001 gaussian ! 0.001
Noise 0.05 0.05 gaussian 1 0.02
Cable flexture 0.005 0.005 gaussian 1 0.005
Ambient Conditions 0.01 0.01 rectangular V3 0.0058
Connector Repeatability 0.01 0.01 gaussian 1 0.01
Combined Standard Uncertainty 0.487
Expanded Uncertainty (k = 2) 0.97
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