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Pospoonena exeisanenmna cxema 06ana0usAmMuno-
JIOCHO20 BUMIPIOBANILHOZ0 Nepemeoplosaud, Yy KoMy
3acmocoeana HomupbLoxnieda HeoOHOpPiOHiCHMb XeuJe-
6001020 Xpecmonodionozo dirvnuxa nomyxcrnocmi. Jns
E-naowunnozo Oirvhuxa nomydxicnocmi exeigajienmua
cxema nepemeopio6aua Mae€ 6uzisd HOMuUPbLOX30HO0-
60i cexuii. IIpoeedero mamemamuume mMo0e06aAHH MaA
excnepumenmanvii 00Ci0NCeHHA PA306UX 3CYBI6 MidC
30n0amu

Kntouosi cnoea: eexmopnuii anaaizamop Kij, womu-

pboxnieua neooHopionicmo, Koedivicum 6i0oumms
=, u]

Paspabomana sxeueanenmnas cxema 0eenaoya-
MUNONIOCHO20 UIMepUMENbHOZ0 npeobpasoeamens, 6
KOMOPOM UCNONb3Yemcs uemvipexnieuas HeoOHOPoo-
HOCMb 601106001020 KPeCmooOpa3Hoz0 Oenumens Mou-
nocmu. /Ina E-naockocmiozo oenumens mouspocmu
aKeueaenmnan cxema npeoépasoeamens npeocmaeJie-
Ha 6 eude uemoipex3onoeou cexyuu. Illpoeedenvt mame-
Mamuueckoe MmoOeaupoganue U IKCnepuMeHmaivole
uccaedosanus Qazoevix c06u206 mexncoy 30Hdamu

Kmoueevte cnoea: eexmopmviii ananuzamop ueneil,
yemvipexnienas HeoOHOPOOHOCMb, KOIDPPuuuenm
ompascenus
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1. Introduction
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The paper considers an alternative development of ve-

The complex reflection coefficient (RC) is one of the
principle operation characteristics of antenna-feeder devi-
ces. One of the perspective techniques for developing aut-
omated meters of complex reflection and transmission coe-
fficients is the method of 12-pole reflectometer (TPR) [1].
The main feature of 12-pole measuring converters (MC) of
millimeter wavelength range is that the vector conversion
of input waves is carried out by means of the passive mu-
Itiport connection construction, and the power indicators
are set into its output consistent ports. The mathematical
and geometrical models of the consistent constructions of
12-pole joints are made on the complex plane RC (G-pla-
ne). The mathematical model of a reflectometer is limited
to solving a system of three quadratic equations, while the
geometric model of the system solution is the cross point
of three circles involved. The centers of three circles, their
modulus and phase are the main para-
meters of consistent 12-pole measuring

ctor analyzers of the complex RC using a simple multiport
construction of discontinuity in their measuring converte-
rs [3], instead of a complex construction of the consistent
multiport joint.

2. Literature data analysis and problem statement

The possibility of making 12-pole joints based on a four-
port discontinuity of the wave E-planar X-shaped power
divider was explicated in the paper. Both mathematical and
geometrical models of such converter are formed not on the
complex RC plane, but on the intermediate plane of its input
wave correlation A, =4, /a, .

The Fig. 1, a shows a structural circuit of the complex RC
analyzer (Fig. 1, a) and an equivalent circuit of the E-planar
X-shaped power divider (Fig. 1, b).

converters. Their mutual arrangement
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and their modulus influence a decision
of the applicability of this construction
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for the unique determination of the
complex RC and of its difference from
the optimal construction of the 12-pole
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joint. The TPR with consistent const-
ructions of 12-pole joints employs the
method of gauged converters: a meas-
uring converter is regarded as a “black
box”, and its constant characteristics
are found by the result of the prelim-
inary gauge of a reflectometer using
at least four standard measures of the
complex RC [2].

|
|
|
L=
156 I
I

a

Fig. 1. Circuit: a — structural of the X-shaped analyzer; b — equivalent

of the E-cross




As the structural circuit of the analyzer (Fig. 1, b) shows,
its 12-pole measuring converter (6-Port) consists of the E-
planar X-shaped power divider (E-cross) and four direction-
al detectors (DD) from the scalar reflectometer P2-65. The
directional detectors are used for their designated purpose:
measuring the RC as well as attenuation in the output ports
of the charged power divider, i.e. introducing minimum err-
ors into the scatter matrix of the whole construction of the
converter.

Further it is assumed that the scatter matrix of the X-sh-
aped power divider coincides with the scatter matrix of the
measuring converter.

If by analogy with consistent MC the mathematical mo-
del of the relevant converter on the complex plane of some
RC TI'=4,/b,, is made, then the model will be represented
as a system of three quadratic equations as follows:
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where D, =SS, -S,S,,, S; - the known number values of
coefficients of the X-shaped power divider scatter matrix
[5].

As the equations (1) show, the location of circle centers
on the plane T'=4,/b, depends on the readings of the pow-
er indicator (PI) P,, i.e. on the RC phase when |I'|=const.
Hence, the geometrical model on the plane I' is impractical
for the qualitative analysis of the MC properties.

For making a geometrical model of inconsistent X-sha-
ped MC the paper (6) suggests using a complex plane of an
offset (virtual) reflection coefficient G . The forward and
backward transformations between the measured I" and
virtual G reflection coefficients are written as:
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The reflection coefficients G and T appear from the
same load, but they are bound to different reference planes.

The mathematical model for finding the virtual RC G is
written as follows:
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The equations (3) refer to the equations of the circles
(four in general) with points Q; as centers and R, as radii:
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The Fig. 2 shows mutual arrangement of the centers Q,,
Q,, Q,and Q, with reference to the circles |G|=1and |G|
=0,2 on a frequency of 38 GHz.

As the Fig. 2, b shows, when RCs are small, measuring
the RC phase becomes “stable” at any value of it.

Using the complex plane of the virtual RC G the prop-
erties of the X-shaped converter at any normalization of the
PI [7] can be qualitatively estimated.
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Fig. 2. The geometrical models of X-shaped MC: a — when
[F|=1; b — when |[|=0,206

These geometrical models estimate properties of the
MC, where multiport discontinuities are used, in a qualita-
tive manner exclusively as they do to the consistent MC. It
follows from the expressions (4) that the centers Q, are not
constants of the converter any more, as their number values
depend on the modulus of the measured RC and the genera-
tor frequency. For the numerical estimate of operation char-
acteristics of the X-shaped converter an equivalent circuit of
its measuring channel has been developed.

3. Mathematical modeling and experimental research of
the equivalent circuit of the X-shaped converter

The equivalent circuit of the E-plane X-shaped divider,
as the E-plane T-junction, can be represented in the form of
a series type connection of its four side ports (Fig. 1, b). The
strict sequence of ports coincides with the strict sequence
of centers Q,, Q,, Q,and Q, on the geometrical models,
Fig. 2,a,b.

For the conventional four-probe section with capacita-
nce probes the corresponding centers lie in the vertexes of
the square, formed on the circle ‘1"‘ =1 [8]. By analogy, the
measuring channel of the X-shaped converter can be repres-
ented in the form of a four-probe section with four magnetic
probes-ports, as the E-cross scatter matrix is calculated with
the help of the dominant mode FI_ of the corresponding dila-
tational waves [9]. The location of probes-indicators coincide



with minimum readings of the indicators P,, P,,P,, P,, that
is, with phases of the centers Q,, Q,, Q,and Q, on the
complex plane of the examined load T .

The Fig. 3 shows the gradation of minimum (nodal) rea-
dings of the PI on the phase plane of the RC (Fig. 3, a) and
along the transmitting channel (Fig. 3, b) for the X-shaped
converter with the discontinuity area cross dimensions 7,2
mmx3,4 mm for the frequency of 38 GHz.
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Fig. 3. Gradation of nodal cross sections in output ports of:
a — converter; b — its equivalent four-probe model

The Fig. 4 shows the graphic interface for the mathe-
matical modeling and experimental research of the main
equivalent circuit operation characteristics of the X-shaped
converter.

The Fig. 4, a, b show the results of the mathematical mod-
eling of the X-shaped converter equivalent circuit. The origi-
nal data are the following: generator frequency (Frequency)
F=33 GHz and the value of RC load modulus RC=0,5355,
with “vibration” amplitude A, /2 (RC phase 0<6<2n).

The Fig. 4, a shows the curves of the phase location of
four equivalent probes depending on the frequency (in the
operational frequency range of a rectangular waveguide) at
the original RC modulus |T|=RC=0,5355. With the given
frequency (according to the hair-line) F=33 GHz the pha-
se shifts between the adjacent probes-indicators are equal
to: 0, =76,71", ¢,,=90,67", ¢,, =65,05", ¢, =127,57".

The Fig. 4, b shows the influence curves of locations of the
probes-indicators depending on the RC modulus of the load
under examination, for the fixed frequency of F=33 GHz;
the hail-line is set at the value of |T|=RC=0,5355.

The Fig. 4, c and Fig. 4, d show the research results of the
analyzer operating in the “Vector oscillogragh” mode [10].

The RC of a sliding wedge, vibrating at the frequen-
cy of 10 Hz and with approximate amplitude of 3/4 has
been gauged. In accordance with the Ox axis (Fig. 4,
d), 7500 values of indicators P1, P2, P3 of a 6-port MC
(Fig. 1, a) have been sampled. The number value analysis
of PI readings (Fig. 3, a) shows that the phase shifts be-
tween adjacent probes-indicators are equal to (Fig. 4, a):
0,,=91,823" (errorin relation to the estimated value is 1,2
degree), ¢,,=65,7046" (error is 0,7 degree).

According to the Fig. 4, d, the average measured RC
value is ‘F‘: 0,54, 5‘F‘S1,833%. The Fig. 4, ¢ shows the
circle on the complex plane of the RC, based on the results of
processing 7500 samples of PI readings.

As the Fig. 4, d shows, the minimum error of RC
measurements appears at the frequency of 33031 MHz,
with the generator frequency 33000 MHz. This frequency
error 8F=0,1% is caused either while setting the I'4-156
generator frequency (according to the test certificate, it is
8F<0,2% ), or as a result of practical errors when produ-
cing a discontinuity area of the X-shaped joint.

5. Conclusions
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Fig. 4. Graphic interface for testing main operation characteristics of the equivalent circuit
of the X-shaped converter: a — dependence of phase shifts on the frequency;
b — dependence of phase shifts on the RC modulus; ¢ — display of measurements over the
G-plane; d — oscilloghaph chart of the RC modulus from the oscillating load
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The equivalent circuit of
the measuring channel of the
X-shaped converter of the
complex reflection coefficie-
nt analyzer in the form of a
four-probe section has been
developed. The location of the
probes corresponds to nodal
cross sections of a standing
wave in each output port of
the E-planar X-shaped power
divider. The main operation
characteristics of the X-shap-
ed converter are phase shifts
between adjacent ports-pr-
obes. The developed graphic
interface allows setting the X-
shaped power divider for the
real phase shifts and using it
as an installed monoparameter
reference standard for gauging
external loads in future.



References

Engen, G. F. The six-port reflectometer: an alternative network analyzer [Tekcr] / G.F. Engen // IEEE Trans. Microwave Theory
Tech. — 1977. = V. MTT-25, Ne 12. — pp.1075 - 1080.

2. Woods, D. Analysis and calibration theory of the general six-port reflectometer employing four amplitude detectors [Tekcr] /
D. Woods // Proc. Inst. Elec. Eng. (Proc. IEEE). — 1979. — V.126, Ne2. — pp.221 - 228.

3. Kapuos, B. A. 26-TT11 Bekropubriit anasuzarop eneii [ Texcer| / B. A. Kapsios // Bocrouno- EBpornelickuii skypHas mepesioBbIX TeXHO-
goruit. — 2012. — Ne6/11(60). — C. 52 — 55.

4. bapramesckuii, E. JI. Bexropubiit CBU-pedekromerp Ha ocHoBe udeThipexiuiedero genutess mortnoctu [ Texcer] / E. JI. Baprarmmes-
ckuit, B. A. Kapsio // Daexrponnast texauka. Cep. 1, dnexkrponnka CBY. — 1989. — Boim. 1(415). — C.38 - 44.

5. Karlovy, V. A. Electromagnetic model of E-cross for sixport reflectometer [ Tekcr] / V. A. Karlov and V. E. Borulko //Proceedings of Int-
ernational Conference on Mathematical Methods in Electromagnetic Theory (MMET). — Kharkiv, Aug. 28-30, 2012. — pp.126 — 129.

6. Karlov, V. A. Mathematical model of cross-formed transformer of vector reflectometer [Tekcr] / V.A. Karlov, V. S. Svyatsky // Proc.
Int. Conf. on Actual Problems of Measuring Technique. — Kyiv, 1998. — pp.302 - 303.

7. Kapaos, B. A. CsoiictBa Kpectoo6pazHoro npeobpasosaresisi BEKTOPHOTO pedieKToMeTpa MUJLIMMETPOBOro Ananasona [Tekcer]| /
B. A. KapJios, E. H. ITpusaiios, E. B. [lpu6ac, B. C. Kuxor // Bicuuk [Ininponerp. yu-ty, Disuka. Pagioesexrponika. — Burr. 1. — 2009. —
C.131-136.

8. Twumnstown, 3. JI. VIamepenus na cantumeTpoBbix Bosnax [Texcr] / 3. JI. Tunsron. — Mocksa: Mznarenscrso “NUJI7, 1960. — 620 c.

9. Karlov, V. A. Convergence of electromagnetic model of E-cross for sixport reflectometer [ Teker] / V. A. Karlov, V. E. Borulko // Proc-
eedings of International Seminar on Direct and Inverse problems of Electromagnetic and Acoustic Wave Theory (DIPED). — Thilisi,
Sept. 24-27, 2012, P. 127-130.

10. Borulko, V. E Fast parameter measurements for antenna-feeder devices [Tekcr] / V. E Borulko, V. A. Karlov // Proc. of 7th Interna-

tional Conference on Antenna Theory and Techniques (Kyiv 20-23 September 2011). — Kyiv, 2011. — pp. 344 - 346.

o o

Pozensnymo memodu diaznocmuxu nopyuiens HOC08020 OUXAH-
Hsl. 3anponoHo8aHo HOBY CXeMYy GUMIPIO6AHHS OudepeHuiino-
20 mucky. Bumipioeanns oudepenuiiinozo mucky npoeooumocs
MIdHC HOCO2JI0MKO10 i NIOMACKOBUM NPOCHOPOM, A came Y Mmouui,
de weudxicms nogimpanoz0 nomoxy dopisuioe nyato. Pospoéneno
mexHiuHe PiueHHs PUHOMAHOMEMPA, BUKOPUCTAHHSA K020 6 KJli-
HIUHII npaxmuyi 00360J151€ NidsuwUMU 0iAzZHOCMUMHY 3HAMUMICTMD
Memooy akxmuenoi nepednvoi punomanomempii

Kntouosi caosa: punomamnomempis, oudepenuiinui muck,
sumpama noeimpsinoz0 nomoxy, KoeQiyicHm H0C08020 Onopy
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Paccmompenvt memoovl 0uazHoCmMuKu HapyuweHui HOC06020
Ovixanus. Ilpednoscena nosas cxema uzmepenus oudepenvu-
anvHozo dasnenusi, 8 KOMoOpou usmeperue ouddepenyuanviozo
dasnenuss npou3eoouUmMcs Meicoy HOCOI0OMKOU U NOOMACOUHBIM
nPOCMPAHCME0OM, a4 UMEHHO 8 MoUKe, 20€ CKOPOCHb 6030YUHO20
nomoxa pasna nymo. Paspabomano mexnuueckoe peuwenue puto-
Manomempa, UCnNONbL308aHUE KOMOPO2O 8 KAUHUYECKOU npaKmu-
Ke n0360J151em no6bLCUMb OUAZHOCIMUUECKYH) 3HAMUMOCb Memo0a
axmueHoi nepeonell puHOMaHOMempuu

Kntoueevie cnosa: punomanomempus, oudepenyuanvioe
dassienue, pacxod 6030ywH020 NOMOKA, K03PPuyuenm Hoco6020
conpomuenenus
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TeJIbHBIN U3 BCeX CHUMIITOMOB, MCIHBITbIBA€MbIX TaKUMMN

6onpHbIMU. K Takmm 3a001eBaHUAM OTHOCAT OCTpbIC

VccrenoBanue hyHKIME HOCOBOTO JIBIXaHUSI — AKTY-
aJibHast 1poOjieMa COBPEMEHHOU PUHOJIOrMU. 3aTpy/He-
HUEe HOCOBOTO JIBIXaHUsI UCIBITHIBAIOT TTAIIMEHTHI ¢ 3200-
JIEBAHUSIMU HOCA U OKOJIOHOCOBBIX TTa3yX B 85% ciydaes.
3aTpyAHeHNe HOCOBOTO ABIXaHWS — 3TO CAMBIi MY4YH-

U XPOHHMYECKHE BOCIAJUTENbHbIE 3a060JI€EBaHNsI HOCA U
OKOJIOHOCOBBIX I1a3yX, BA30MOTOPHBIH, ajljleprudecKuii u
MOJTUITO3HBII PUHUT, Pa3JIMYHBIE OIIYX0JIEBbIE ITPOIECCHI B
IIOJIOCTU HOCAQ, HOCTTPaBMaTUYECKNE UCKPUBJIEHU A HOCO-
BOM IIEPETOPOAKH. Ilo aHaJIN3y JIUTEPATYPHBIX NCTOYHU-




