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Abstract — Recently, a novel approach for the estimatiorinterest. Using the (joint) PDF of all influencimgantities,
of the residual error parameters of a calibratedtore the MCM numerically determines a PDF for the output
network analyzer has been proposed. The methodsedb quantity employing the model which relates the roessd
on a reflection measurement employing a high piatis to the influencing quantities.
airline terminated by a short. From this measurdntba For the uncertainty evaluation of the residual rerro
complex valued residual error parameters are ctledl parameter estimates a model of the airline is clemsd,
utilizing a sophisticated data analysis schemehis work  which especially takes the dimensional parametérthe®
the uncertainty associated with the obtained redigduror airline into account. The resulting uncertaintie the
parameters is evaluated. The uncertainty evaluat®on residual error parameter estimates due to impéofestof
performed by applying the GUM S1 approach employing the airline parameters will be presented.
Monte-Carlo method. Resulting uncertainties arigilng to
imperfections of the dimensional parameters of ahine 2. RESIDUAL ERROR PARAMETER ESTIMATION
are presented.

The approach is based on the commonly applied one-

Keywords: VNA, calibration, uncertainty port error model. The corresponding signal flowpdras
shown in Fig. 1, including a representation of aiine and
1. INTRODUCTION short.
The uncertainty of a vector network analyzer (VNA) _airline + short
measurement depends on the applied calibrationadethd 1 1 T S'ay j‘
on the uncertainty associated with the availableneses of O—= > > | > |
the utilized calibration standards. Further infloes are r | V.
VNA stability, VNA nonlinearities, noise, and coruter MJ Y6 M A Fa)‘ VS  Seb 141 |
repeatability. \ \
High precision airlines are well known as traceable O—= - \ - |

impedance standards used for the verification OfNA 1+7 1 LffsszfiJ

calibration [1]. Recently, a novel approach for the _ ) o
determination of the complex-valued residual error Fig. 1. One-port signal flow graph for a short-ited airline.
parameters of a calibrated VNA has been propose]. [2
The residual error parameters are determined from a The measured reflection CoefﬁCieﬁFn is related to the
reflection measurement employing a high precisiohne  actual reflection coefficienf, by
terminated by a short using signal processing fgcies
such as low-pass filtering and linear predictiopa# form
the verification of the VNA calibration, the resaluerror
parameters can be used to perform a second ordecton
of a reflection measurement [3]. The correctedertibn where 6, u and 7 denote the residual error parameters
values were shown to be consistent with resultaiobtl by  directivity, source match and reflection tracking the
the well known cross-ratio technique [4]. calibrated VNA. The reflection coefficients as wal the

In this work, the novel approach is investigatedhwi error parameters are complex-valued functions of th
respect to the resulting uncertainty associatech Wite  frequency. Assuming a high precision airline with

obtained residual error parameters. The analysis igllzszzzo the reflection coefficient [, can be

performed according to th&uide to the Expression of . _ o
Uncertainty in Measuremen(GUM) [5]. In the recent approximated ad’, = -Aexp(-2jwl/v) where| denotes

supplement GUM S1 [6] to the GUM, a Monte Carlothe overall lengths of airline and offset short andenotes
Method (MCM) is proposed for the calculation ofthe phase velocity. The weak and slowly frequency
uncertainties. The approach is based on the conoept dependent losses of the airline and short are itbescby A .
propagation of probability density functions (PDPFshere

the PDFs encode the knowledge about the quantities
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Assuming small residual error parameters for grocessing scheme. While the reflection coefficiesulting
calibrated VNA, ie. |J||ul|r|k<l, (1) can be from a standard short-open-load calibratidiyd{ ) clearly

approximated as displays deviations from the cross-ratio referevalees [4],

piad v 2 —ajahIv the second-order corrected reflection coefficigopears to
Mm=0-(1+71)le +ud+r)A%e - (2 pe animproved estimate.

The considered signal processing scheme reliehen t
assumption, that the variation of the residual rerro

arameters in dependence on the frequency is sasall . -
P b q Y The measured reflection coefficients as well asettner

compared toexp(-2ja | /v). As described in [3] in detail -
. , parameters are complex-valued quantities whosemnszd
the residual error parameters are then determineda b g ot explicity covered by the GUM. The analysis

sequence of down-conversion and low-pass filtest#ps.  jescriped here follows a proposal for the uncetyain
The approach also includes an extrapolation praeeduyeatment of S-parameters which represents an sigremo
based on linear prediction in order to reduce rfil@ e GUM [7]. To this end all calculations are penfed
artefgcts. The determination of the. residual réifhec using a Cartesian representation of the complexedhl
tracking 7 is based on a further reflection measurement Oéuantities. As proposed in [7] the resulting uraieties are

3. UNCERTAINTY EVALUATION

such as the bandwidth of the low-pass filter iegiin [3]. imaginary part.

In Fig. 2, a typical reflection measurement of arsh . o )
circuited airline is presented showing the well knaripples The uncertainty evaluation is realized as a twgp-ste
indicating an imperfect VNA calibration. scheme. First, the reflection coefficiefit, of the short

circuited airline is modelled based on the corresiig

physical parameters of the airline such as thetteagd the
ogal 1 inner and outer diameters [8]. The model includes a
description of the short using the calibration &iandard
5651 | definition. For the measured reflection coefficidatiows
E ' from (1)
o4r 1 Ma\z
0.94 I—m:5+(1+z.) a() , (3)
1-4.(2)
092} )
L , L ‘ ‘ ‘ wherez denotes a vector of physical parameters of the mode
2 4 6 8 10 12 14 16 18 I.(z). The residual error parameters are determinechéy t
frequency / GHz proposed signal processing scheme which is dereerias
Fig. 2. Reflection coefficient of a short-circuitetiline. 9\m
(6,1,7)= g(rm)+A(5,y,r) : (4)
— e The term Ay, represents (frequency dependent)
o1 Fsall corrections ofg(Fm) .

o
o

The uncertainty associated with the residual error
parameter estimates is evaluated according to the
“propagation of distributions” approach of GUM S this
end the PDFs of the two contributing terms in (4¢ a
required. The distribution of first term in (4) abtained by
MCM using the estimates and uncertainties of the
dimensional parameters of the airline.
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; ; j Py ; ; ; Information regarding the distribution of the catiens
2 4 6 8 10 12 14 16 18 A5 Of the estimation scheme may be obtained by a

frequency / GHz . . .
simulation approach. These corrections may depénoien
the actual residual error parameters as the sjgoakessing
_ i scheme relies on specific assumptions and apprdixinsa
after (Meorected S€CONd-0rder correction. Comparison to referencee_g_ regarding their magnitude and their frequency
reflection values [rgg) obtained by the cross-ratio technique. dependence. For the results presented in this hoitk, the
expectation values and the associated uncertainfighe
The impact of a second-order correction is illugiain ~ COrrections are assumed to be zero.
Fig. 3. The correction has been performed usingluat
error parameter estimates obtained by the propseiggtil-

Fig. 3. Reflection coefficient of a mismatch bef¢fe;q, ) and
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4. RESULTS

Starting from the stated values and standard uaio&gs
of the length and inner and outer diameter of théna

expectation values and associated uncertaintiesthef
corrections to be zero.

Fig. 4 shows that the resulting uncertainties of th
estimates of the residual directivity and of the residual

Gaussian PDFs are assigned to these quantities. Theurce matchy are nearly independent of the frequency.

presented results are based on the residual esirameters

The same holds for the uncertainty of the real parthe

as obtained in [3] for a SOL calibrated VNA using areflection trackingz . In contrast, the uncertainty of the

300 mm airline.
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Fig. 4. Uncertainties of the estimated residuadrerr
parameters vs. frequency. For each parameter, the
uncertainty of the real (solid line) and of the girary part
(dashed line) is shown.

Applying the MCM results in the (joint) PDF for thiest

term in (4). From this PDF, the according uncettaf of
the residual error parameters are evaluated asguthim
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imaginary part of the reflection tracking displaym
oscillation with respect to the frequency. The deteed
uncertainties are roughly in accordance with result
presented in [3], where a typical deviation of A.@&tween
second order corrected reflection values and restitained
by the cross ratio technique has been observed.

4. CONCLUSIONS

In this work, an uncertainty evaluation for a reten
introduced estimation scheme for the complex-valued
residual error parameters of a calibrated VNA isspnted.
The uncertainty evaluation follows the GUM S1 auto
using the dimensional parameters of the airlineirgst
guantities. In addition the uncertainty evaluatischeme
allows to take into account systematic correctiods.
simulation approach is proposed to acquire infoimnabn
the distribution of these correction quantities. &sesult,
the obtained uncertainties of the residual erraamaters
can now be utilized in order to evaluate the urdety of a
second order corrected reflection measurement.

REFERENCES
[1] EA-10/12, “Guidelines for the Evaluation of \tec Network
Analysers (VNA)”, EA European cooperation for
Accreditation, May 2000.
T. Reichel, H. Jager, “Method for Measuring tResidual
System Directivity and/or the Residual System Port
Impedance Match of a System-calibrated Vector Nekwo
Analyser”, European Patent No.\ EP 1 483 593 B16200
G. Wibbeler, C. Elster, T. Reichel, and R. Judksch
“Determination of the Complex Residual Error Paramsete
of a Calibrated One-Port Vector Network AnalyzdEEE
Trans. Instrum. Measin press
U. Stumper, W. Peinelt, “Correction of the RF Cdexp
Reflection Coefficient Using Air Line Impedance
Standards“|EEE Trans. Instrum. Measvol. 42, pp. 516-
518, Apr. 1993.
BIPM, IEC, IFCC, ISO, IUPAC, IUPAP and OIML 1995
Guide to the Expression of Uncertainty in Measumme
Geneva, Switzerland: International Organization for
Standardization ISBN 92-67-10188-9.
BIPM, IEC, IFCC, ILAC, I1SO, IUPAC, IUPAP, and OIML.
Evaluation of measurement data — Supplement 1 ¢o th
“Guide to the expression of uncertainty in measenmtth—
Propagation of distributions using a Monte Carlo hodt
Joint Committee for Guides in Metrology, Bureau
International des Poids et Mesures, JCGM 101, 2007.
N. M. Ridler and M. J. Salter , “An approachth@ treatment
of uncertainty in complex S-parameter measurements”
Metrologia vol. 39, pp. 295-302, 2002.
W.C. Daywitt, “Complex Admittance of a Lossy Coaki
Open Circuit with a Hollow Center ConductoNetrologia,
vol. 23, pp. 13-22, 1987.

(2]

(3]

(4]

(5]

(6]

(7]

(8]



	PagNum950: 950
	ISBN950: ISBN 978-963-88410-0-1 © 2009 IMEKO
	PagNum951: 951
	PagNum952: 952


