ITM Web of Conference30, 06007 (2019) https://doi.org/10.1051/itmconf/201938007
CriMiCo'2019

Straight waveguide to coaxial adapter
of microwave and extremely high frequencies
ranges

StanislawKozlov', Sergé Pavloy, andEvgenijHoroshilov

MICRAN, Research & Production Company, 51d, Kirova avenue, Tomsk, Tomsk reg., 634041,
Russian Federation

Abstract. The paper presents the results of electromagneidellingin
the computenided desigrsystemandelectrical parametemnmeasuremest
of microwave band waveguideto-coaxial adapters Adapters are
developed, manufactured and tested atrfi.

1 Intro duction

In microwave transmission lines it is often necessary to switch from one type of
transmissionine (TL) to another, e.g. from coaxial line to a rat-angleor a circular
waveguide, or from coaxial line to microstrip, etc. Special devices calliegiters are
designed for these purposkdapters break the regularity of the transmission line, and
therefore should be well matched on each of the inputs and should not reduce the electrical
strength of the line[1].In practice, coaxial and waveguide Tdre most often used.
Accordingly, waveguide to coaxial adapt@NVCA) are used to join them. There are 2 basic
types of WCA designstraightandright anglewith different types of electrical coupling.
Each of them has its advantages and disadvantBgesxample right-angle WCA hasa
simpler design thastraight oneAlso, due to théuningelementsthe rightangleWCA has

better VSWR compared tdhe straight one However, in complex microwave systems
there ae often situations when the usagfeight-angleWCA is impossible because of their
design.In the givenpaperthe technique of modeling atraight WCA in the system of
computeraided design (CAD) is considered, as well as the results of measurement of
straightWCA prototypes.

2 Objects of desig n and research
Table 1. StraightWCA manufactured by MICRAN

: . Coaxial type The section of the ]

Designation connectors waveguide mm Frequency range, GHj
PKV2-11-16-8 Type N, male 163 12.05 £17.44
PKV2-11R- o Type N, female o] 12.05 1744
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Designation %%iﬂgl:g?: TVC:VZZCJESQ r?]fn’zhe Frequency range, GH;
PKV2-05-11-5,5 Type 2,4 mm, male 11x5.5 17,44 +2595
PKV2-05R-11-5,5 Type 2,4 mm, female 1155 17.44 +2595
PKV2-057,2-3,4 Type 2,4 mm, male 7.2-34 25.95 £3750
PKV2-05R-7,2-3,4 Type 2,4 mm, female 7.234 25.95 +3750

The objects of design and research aresttaghtWCA given in Table 1All the WCA
have been designed, manufactured and tested at MIGRAN

3 Modeling of straight WCA in CAD

WCA combines two TL with differentypes ofmicrowaves andmpedancesTherefore, it
can bestatedthat the WCA is avaveof type T transformer in the coaxial TL in the type H
or E in the retangularwaveguide and is so-called probe adaptefo excite Htypewaves,

a pin (probe) perpendlilar to the longitudinal axis of the waveguide is inserted into the
waveguide, and to excite- Bype waves, a pin is inserted from the end of the waveguide
parallel to the longitudinal axis of the waveguide (Fid3l)

Fig. 1. Methodsfor exciting waves in actangulawaveguide foH-type waves
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Fig. 2 Methods for exciting waves inractangulawaveguidgor E-typewaves

The second method of probe insertion is applied in the desgireghtWCA. A step
trandormer is used to match the wave line impedances oflthe

Modelled WCA are complex devices, which makes thesigh difficult. Therefore,
during modelingn CAD it is rationalto use a method afecompositionwhich dividesall
the transition to a butel of base elements, eacli them isanalyzed separately [4The
initial data for the design were the frequency range, as well as types of coaxial connectors
and waveguide flanges. The basic probteming modehg processs the calculation of the
optimd geometryof the step transformer, and also waveguide and coaxial parts of WCA
(figure 2)
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Fig. 3. StraightWCA design 1 tWaveguide part ofVCA, 2 +Coaxial part of WCA
3 tMatchingtransformer

When calculating the matchirglep ransformer, it is necessary to know the wave line
impedances of the matching coaxialc) and waveguide 4,) parts. The wavdine
impedance of the waveguide can be calculated bgdbation(1):

Z, :12071%, (1)

where y is wavelength in the waveguidejs wavelength in coaxial TL.
Line impedance can also be represented as a sum of the active and reactive components
by theequation(2):

Zy=py+ Xy, 2

wherepy is active componenky is imaginay componentf impedance.

Matching is achieved by minimizing the reactive component of the wave line
impedance X : Therefore, in order to match the waveguide and coaxial parts, it is
necessary to match the active parts of the waeeeimpedance whileminimizing their
reactive componentsising a step transformerThe wavelengths irequation (1) ae
calculated usingquatiors (3) and 4):

C
A=—, 3
. (3)
/%f#ﬂ, (4)
l_ 72
(ﬂ )

cr

wherec is constant speed of light, is average frequencyf the frequencyrange;A; is
critical wavelength irwaveguide.
The critical wavelength of a reatglewaveguide is calculated by tlegquation(5):

for = ﬁ' ®)
(=) +()°
a b

wherea is long wall of rectanglewvaveguideb is short wallof rectanglevaveguidem and
n are determineldy themain wave type propagating in the waveguide
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After calculating the values dine impedancesZ: and Z, using the method of
undefined coefficients [5], the number of matchitgnsforme steps is selected.
Calculation showed that there must be at least four of them.

According to the decomposition method, modeling of devices in CAD was performed in
2 stages:

1) simulation of the coaxial connector

2) simulation ofWCA.

It was at the secondagjewherethe optimal geometric dimensions of the matching step
transformer were selected. During the modeling in CAD, it was confirmed that the number
of steps of 4 is optimal.

4 Measurement of prototypes electrical parameters

According to the results dEAD modeling samples oWCA were producedFigure 46

shows comparative graphs of VSWR measurement results of experimental samples and
calculated ratios. The measurement was carriecofugilent E8364B vectometwork
analyzer.The graphs show a goodro@rgence of results. Tharaight WCA developed

have a lowreturn losVSWR<1.15).
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Fig. 4. Comparative graphs of VSWR measurement results of the pros@gpdecalculatedalue
for thewaveguide cross section of 7.243nm
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Fig. 5. Comparative grapghof VSWR measurement results of the prototype samplesadadated
valuefor the waveguide cross section o5 mm.
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Fig. 6. Comparative graphs of VSWR measurement results of the prototype samples
andcalculated valuéor the waveguide cross sectionldf @ mm.

5 Conclusions

Straight WCA were designed and manufaculitgsing the decomposition methdglectrical
specifications of the prototypare similarto the design ones, whiawonfirm therelevance
of this method.

Combineduse of the method of undefined coefficients and CAD allowed to determine
the optimal number of stages of matching step transformer, as well as to make an accurate
calculation of its geometry.

DesignedstraightWCA have a loweturnloss (VSWR < 1.15), allowing these devices
to be positioned as instrumegrade adapters
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