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ABSTRACT

On the other hand scalar network analyzers

for perturbation (SNAs) are simplest and cheapest, but they

two-port \vector network analyzer is presented. Provide only scalar information. Moreover, in
It consists of a variable perturbation two-port Principle, they cannot be fully caliated to
placed between a devicader test and a scalar 'emove systematic errors, so that they provide

network analyzer. A measureéator reflection

only an approxirate value of a measured ampli-

coefficient is determined on the basis of ampli- tude, even if precise directional bridges and

tude only readings. A full correction of system- detectors are used.
atic errors is possible. The new principle wasA Néw concept for vector measurements based

experimentally confirmed in the frequency band ©" & SNAand perturbation two-port (PTP) was
up to 14 GHz.

Vector network analyzei®NAs) based on
frequency conversion are widely used for wide
band vector measurements. They enable in
principle to eliminate all systematic errors if a
proper calibration/correction procedure is
applied. A lot of sophisticated methods have

INTRODUCTION

suggested in [5]. The purpose of this paper is to
present a new calibration procedure and first
experimental results with thi$NA based on

SNA and PTP. The calibration procedure
enables full correction of systematic errors for
both vector and scalar measurements.

THEORY
Fig.1 shows the basic measurement arrangement

been developed, see for example [1]. The great-Of the PTP vector network analyzer. Refion
est disadvantage of this systems is their

complexity which results in high cost. Six-port
VNASs, see [2], [3], [4], offer cheaper solutions.
They also enable full correction of systematic

errors.
ideal —eo  o— —e = o—
scalar PTP DUT
analyzer —= | &— e | &—
A B

Fig.1.Measurement arrangement of the PTP

vector network analyzer.

coefficientpour of the device under test (DUT)
in the reference plane B, which ought to be
determined, is tramsrmed over the perturbation
two-port (PTP) to the reference plane A. Its
amplitude |om| is measured by an ideal scalar
network analyzer. Ifattering parameteS;  of
the PTP are known, the relation betweppur
andpwm isgiven by

pM = Si1 +% (1)
Equation (1) forms a conformal transformation
between complex planga  apsl  of the reflec-
tion coefficients in the reference planes A and
B. Therefore circles in the complex plepa:
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with the radiugpm| are transformed by (1) into six-port theory cannot be usepour can be
circles in the complex plaips  and vice versa, determined only if S-parameters of the PTP are
see Fig. 2 and Fig. 3. known. They must bealermined in thgrocess
Circles in the complex planpa  can be deter-of calibration.

mined by the measurement of the corresponding-ig. 1. shows an ideal scalar analyzator with
modules of the rediction coefficientem| inthe zero measurement errors considered. However,
reference plane A for differenesings of the it is a well-known &ct that a real scalar analyza-
PTP S-parameters. The common intersection ofor has always some systematic errors that can
the corresponding circles in the complex planenot be removed by any scalar only calibration
pedetermines the desired reflection coefficient and correcon. It will be shown that in the new
pour of the DUT in the reference plane B. At concept of the PTP VNA there is a possibility to
least three circles are necessary for the uniqu@vercome this fundamental obstacle.
determination olppur . This principle isnglar

to the theory of the six-port NAs. On the CALIBRATION
contrary to constant six-port S-pareters in  The standard process commonly used for VNA
the new concept the PTP parameters are differsystematic errors correction can be applied also

ent for the individual ettings. Therfore the  on areal scalar analyzer. The error 2-port and
the PTP can be merged into one error perturba-

tion two-port (EPTP)see Fig. 4. Its parameters
for each PTRettings should be determined
during the calibration of the PT¥NA. A

correct calibration of the EPTP is a corner stone
of the new concept.

Only amplitude scalar measurement|pm|
corresponding to the full known complex reflec-
tion coefficientpc of properly chosen calibra-
tion standards can be used to determine
unknownS; parameters of the EPTP. The

Fig. 2. Circles in the complex plapg . equation (1) yields

_ S128210C

which can be used to form a proper system of
equations. This system is non-linear and a
numerical method must be used to solve it.
The EPTP is a reciprocal two-port. Therefore
there are only 3 complex or 6 scalar unknown
parameters if2). Unforturately there are only 5
PDUT independent equations in the system based on
(2) and therefore only 5 scalar unknowns can be
determined. One remaininmmknown pararmter
cannot be dtermined and this is why the
Fig. 3. Corresponding circles in the complex correct calibration of a scalar neaiik analyzer
planes. alone is impossible. The physical intexfation
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is a theoretical minimum demand on the

deal " —e e emor e 7| L,y | calibration set for the PTP VNA calibration.
analyzer [—s ' s— 2P0 | — e One or two additional calibration standards
: can be recommended to obtain a wider
. EPTP . frequency band and greatesbustness of
A : B the numerical solution.
* real scalar network analyzer ‘ EXPERIMENTAL RESULTS
Fig. 4. Description of the scalar network analyzer ~To verify correctness of the whole calibra-
systematic errors. tion and correction algorithm a simple voltage

controlled PTP in the structure 6PW was

of this fact can be given in the following way. . :
One can imagine that the EPTP ends in thedeS|gned and realized. Match, Short and 5 Offset

. : ._Shorts were used for calibration to achieve a
reference plane A by a line with the characteris-_.
T wider frequency band. The offset shorts were
tic impedance equal to that of the SNA. The . . : :
o ; realized in the structure of the air 7 mm coaxial
length of this line cannot bestermined by any

. ._line with APC7 connectors. 3 dttenuator
means by the only amplitude measurement in . ; :
. . with APC7 connectors terminated with short
the plane A. The length of the line determines

the position of th on corresnonding circle in V&S used to test the measurement ability of the
P PM P g PTPVNA. The reflection coefficient of this load
the plane A, see Fig. 2.

In the new concept the 6-th parameter does noi3 dB attenuatoplus short) was measured on
X P o he VNA (a computer controlled HP 84 MNA
need to be known for the cent determination

of the compleyppur . The missing information is with a correction method applied) and on the

PTPVNA in the frequency band 8 - 13Hz.
added by at least three measuremen|pwm|f fohp 8757 ESNAwas used to create the PTP
at least three different settings of the PTP. Th NA. A numerical algorithm similar to [6] was
6-th parameter can be defined arbitrarily and no X 9

o . , used to calculatgour
matter how it is defined theorect pour is Fig. 5. is a comparison between phases of the
given by the common intersection of therre-

di ircl Fia. 3. Th veetf of test DUT obtained by the new method and the
sponding circies, se€ g. o. The onlyeell o phases measured by the "classic” VNA. As can

the 6-th parameter is that circles at Fig. 3 arey, o seen, good general agreement of bathess

turned around their centres keeping the common, - +he majority of the frequency band has been

intersection intact. - . :
S . achieved. This general agreement confirms
The calibration/correctioprocedure of the PTP correctness of the calibrationfzection proce-

was modelled and experimentally verified in the o -
) : .As f h hors k h he f
frequency band 2 - 2.5 GHz. A simple PTP in dure. As far as the authors know this is the first

h | e struct i C},oublished result of a phase measurement
€ copianar waveguide structure was realized, i inaq by this procedure. The differences of
for this purpose. 5 calibration standards Open

Short, Offset Open, Offset Short andatdh both traces are typically in trerder of several

4 for the simulati d th . degrees and correspond more or less to errors of
were used for the simuiation an € EXPerlina first experimental results obtained with the
ment. It was discovered and subsequently

h ticall lained that uni q tsix-port VNA, [7]. The noise in the results
coretically explaine at unique and correc presented is believed to be caused mainly by the
solution for theppur can be achieved only if

t least partially k librati tand dfact that theprocess was not automated, eg.
one at least partially known cafioration standar ollecting all the datafor calibration and

'Sh alcf?ldfeclll LO the ((:jg#bratl?n slebt '{here{or% 5§ncﬁ1easurement at 401 frequency points took
aff” Tull known diiterent calibration standards o, t six hours. Therefore a lot of time has been
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left for equipment instalty. Manually Acknowledgment
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CONCLUSION 102/97/1224.

The calibration/correctionprocedure for the
PTP VNA was developed and experimentally
verified. The new vector network analyzer
system based on scalar measurement only was
realized as an addition to a commercially avail-
able SNA. The viability of the new system was
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