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The paper proves a real possibility of designing the microwave electronic devices based on mul-
tilayer structures. The advantages of such design compared with a traditional application of the mi-
crostrip lines are demonstrated by an example of a hybrid microwave power divider (hybrid ring).
The calculations of a multistructure-based hybrid ring presented in the paper allow forecasting a sub-
stantial decrease of the weight and size parameters for the microwave electronic devices. That pro-
vides their wide application in mobile and small-sized radio systems with a microwave informational
channel. The weight and size problem is especially relevant for the devices like the various mobile
on-board radars. This makes it possible to predict scientific and industrial relevance of the develop-
ment.
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Introduction

A variety of the modular microwave devices such as couplers, bridge circuits, and matched dividers
are widely used in a microwave equipment to control a signal in a microwave path. The major drawback
of these devices is the directly proportional relationship of their weight and size characteristics and
a working frequency range. While the mass-dimensional characteristics are not very significant for
the stationary objects such as terrestrial radar systems, the weight and size savings become vital for mi-
crowave devices set on the mobile objects. Consequently, the development a microwave technology tar-
geting to the weight and size decrease is a topical problem. Nowadays solutions are based on the micro-
strip technology, which applies the methods of magnetic sputtering, hybrid hook-up elements, and
dielectrics with high relative dielectric constants [1]. However, the potential of the technology in de-
creasing the weight and size characteristics of microwave devices is limited by their single-layer archi-
tecture. Therefore, it seems appropriate to consider developing microwave electronic devices based on
their multilayer structure.

Let us estimate the advantages of the devices developed with the use of multilayer technology con-
sidering an example of microwave power divider (hybrid ring). Its weight-size and electric characteris-
tics compared with those of a device traditionally designed by microstrip technology would allow
the conclusion that the multilayer technology is advanced to develop the microwave electronic devices.

1. Design of a microwave divider based on a microstrip technology

A bridge circuit of the microwave power divider (hybrid ring) (Fig. 1) in its traditional single-layer
performance is widespread in the microwave radiotechnical systems.

Its calculation [2, 3] reduces to determining a mean diameter d,,.,, and ring width W; at the known
values of a microstrip line width W, wave resistance Z,, effective dielectric permeability &., main trans-
mission line (1-4), operation frequency (wave-length 4y), and other benchmark data and requirements
applicable to the power divider. The basic relations for calculating the parameters of a hybrid ring are
the following [2-5]:

dmean = 2m [eor (1)
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where &,,1s an effective dielectric permittivity. For a microstrip line, it is calculated using a formula
1

_&tl | &1 h )_E
gop = T+ (1+105) ° )
where ¢, is a relative dielectric permittivity of the dielectric base, W is a width of a microstrip line, and 4
is a thickness of the dielectric.
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where A is a metallization thickness, Z, is an input wave resistance, and Z, is a wave resistance of
the ring.

Zy = Zg\2. 5)

Fig. 1. Hybrid ring

When using the formulas (1)—(5), the values of the hybrid ring parameters such as d,e., = 45 mm
and W, = 1.7 mm were obtained for the following conditions: frequency range was 945-970 MHz,
the width of a microstrip line # = 3.52 mm, the input wave resistance Z, = 50 Ohm, and the base mate-
rial was double-sided laminated dielectric RO4003.

To evaluate a correspondence between electromagnetic characteristics of the calculated hybrid ring
(Fig. 2) and those specified for an even division of a signal power (-3 dB), reflection factor and electro-
magnetic decoupling not less than 20 dB in the range 945-970 MHz, the user’s CAD system CST Mi-
crowave Studio was utilized.

Fig. 2. Single-layer topology of a hybrid ring model

As a result of calculations using CAD, the electromagnetic characteristics of the device has been
obtained. The diagrams of the scattering matrix elements are the most illustrative (Fig. 3). Analysis of
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the diagrams really gives exhaustive information we need to know about the electrical characteristics of
microwave modules in design engineering. On the ground of calculation of the main electromagnetic
characteristics for the hybrid ring with the mentioned parameters (Fig. 3), the following conclusions
could be done in accordance with the scattering matrix graphs.

e The device provides an even division of the channel 1 signal power by the channels 3 and 4 (S,
S41 =-3 dB) in a broad band (950-1000 MHz).

e Decoupling in the same band varies from —25 dB on the band edges to —40 in its centre.

o The reflection factor (Si;) in the band 950-1000 MHz varies from —25 dB on the band edges to
—32 in the centre.
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Fig. 3. Amplitude characteristics of the hybrid ring by the microstrip technology, where S31 and S;; are the power
dividing coefficients, S;1 is a decoupling factor between 1 and 2 inputs of the device, and Sy is a first input
reflection factor

The characteristics show that the device can operate not only in the frequency band 945-965 MHz
predetermined when calculating but also in the much wider band 950-1000 MHz with keeping all
the main requirements to the device such as even division of the signal power by the channels (S,
S41 =-3 dB), the value of decoupling, and reflection factor not less than —20 dB.

In addition, the size 100 x 70 x 1.52 mm of device specifies its volume equal to 10 640 mm’ (exclud-
ing the shielding case). A width of air space from a transmission line to a metal shield should be not less
than three widths of a dielectric for the microstrip line. Consequently, the real volume of the product in
case is 42 560 mm’ (10 640 x 4 mm’).

2. Multilayered hybrid ring

To implement the hybrid ring based on the multilayer structure, the overall size calculated above are
used. In a space of decoupled input arms, the divider is decomposed into two parts and placed on several
dielectrics (Fig. 4). Two clad dielectrics RO4003 are used. The dielectrics fit together and each half of
divider is placed on the outside. Metallization between two dielectrics acts as a shield. The openings for
the jumpers connecting the parts of the hybrid ring are etched in the shield (Fig. 4).
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Fig. 4. A model of themultilayered divider with the jumpers. 1 and 2 are the transmission lines, 3 is via opening,
and 4 is a jumper
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It follows from the calculation of the main characteristics of the multilayered hybrid ring (Fig. 5)
that the multilayered power divider matches its single-layered analogue in amplitude characteristics
while it is approximately 6 times more compact (size is 40 x 40 x 4.56 mm (7296 mm”)). As the device is
implemented on the symmetrical line, the shielding case is situated back-to-back with the product
(an impact of the case on the total volume of a product is neglectable).
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Fig. 5. Amplitude characteristics of the multilayered hybrid ring depending on a frequency

A shortcoming of such hybrid ring is existence of the openings. The shortcoming may be viewed in
different ways such as technological and electrodynamical ones. In terms of technology, the openings
imply the whole range of additional operations. Naturally, the openings are not an unsolvable problem.
Today the process of obtaining the via openings is mastered and applied successfully to produce
the low-frequency cards. In terms of thermodynamics, a jumper is a specific kind of transmission line
(waveguide), so it should have a wave resistance about 50 Ohm. The layers may be connected by a slot
line (Fig. 6).

Fig. 6. A model of a volume slot line. 1 and 2 are coupled regions (slots), 3 and 4 are transmission lines

Instead of a jumper, in the hybrid ring it is possible to use a volume slot line, which consists of two
metalized zones on opposite sides of a clad dielectric. Depending on the overlap value, it is possible to
obtain a slot line with definite wave resistance.

Analysis of the calculation results for the amplitude characteristics of a volume slotted junction
(Fig. 7) allows for the conclusion that the junction could be used in low-band devices permitting the sig-
nal bandwidth, which does not exceed 10 % of the carrier frequency value. The key feature of a slot line
is its length, which should be equal to a quarter or one eighth part of the wavelength. For space saving,
the slot lines are assembled in meander structures and their transit characteristics are compared with
those of the previous model (Fig. 8 and 9).
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Fig. 7. Amplitude characteristics of a volume slotted junction
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Fig. 8. A model of a volume slotted junction assembled in a periodical meander structure (a), and its amplitude
characteristics (b)

S-Parameter [Magnitude in dB]

0
—— — i1
B — 21

5
i — 12

p \ ./

% S1,1: 30.701356 \ I
S2,1: 063402977
51,2 064703424

700 800 900 962.14 | 1000 1100 1200 1300 1400 1500 1600
Frequency / MHz

a) b)

Fig. 9. A model of a volume slotted junction with a complex structure (a), and its amplitude characteristics (b)

Being compared, the amplitude characteristics of the junctions (Fig. 7-9) demonstrate that while
the number of the spot line creases grows, a marginal deterioration of the reflection factor and incon-

spicuous decrease of a routing signal value takes place.

A model of a hybrid ring implementation based on an elementary slot line without creases is pre-
sented in Fig. 10.

The hybrid ring has the overall size 70 x 50 x 3.04 mm (10 640 mm’).

A design process for each of the devices described above was performed in accordance with the fol-

lowing algorithm presented as a flow chart (Fig. 11).

38 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2017, vol. 17, no. 1, pp. 34-41



Hydapee H.B., Japoeckux C.H.

Paspabomka 2u6pudHoz20 desrumesisi MOWHoOCMU

Ha MHoz2ocioliHolU cmpykmype

a)

Fig. 10. A model of a hybrid ring with volume slot lines (a) and its amplitude characteristics (b)
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Fig. 11. A flow chart of a process algorithm for designing the microwave electronic devices

Conclusion
The paper introduces the multilayer technology to implement the microwave electronic devices
such as directional couplers, phase shifters, filters, various power dividers, and combiners, etc. The ap-
plication of the technology allows making a real progress in achieving weight-size minimum. It has been
demonstrated by the example of the hybrid ring implemented in both traditional microstrip and multi-
layered constructs. With equal level of the electrical characteristics, the multilayered hybrid divider has
a volume 6 times less than the microstrip one.
A significant advantage of the technology is a feasibility of a high packing density for the complex
radiotechnical devices using the microwave electronic components.
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PA3PABOTKA TMBPUOHOIO OENUTENSA MOLWHOCTU
HA MHOITOCITOMHOW CTPYKTYPE

H.B. fydapee, C.H. Japoeckux
FOxHo-Ypanbckuli 2cocydapcmeeHHbIl yHugepcumem, 2. HensabuHck

B crarbe nokassiBaeTcs peaibHas BO3MOYKHOCTH IIPOSKTHPOBAHMS YCTPOHCTB CBEPXBBICOKOYAC-
totHOU (CBY) 21IEKTPOHMKN HAa OCHOBE MHOTOCIOHHON CTPYKTYpHI HX MmocTpoeHus. Ha mpumepe
ruopunHoro CBU-genurenss MomiHocTH (THOPHAHOTO KOJBLA) IOKa3aHbl MPEHMYIIECTBA TAKOTO
MPOEKTUPOBAHNS B CPAaBHEHUH C TPAJUIIMOHHBIMH IOAXOAAaMH, OCHOBAHHBIMH Ha HCIOJIb30BAHUH
MHUKPOIIOJIOCKOBBIX TUHUNA. [IprBeeHHBIEC B CTaThe pacueTsl THOPUIHOTO KOJIbIIa HA OCHOBE MHOIO-
CJIOWHOW CTPYKTYphI MO3BOJIIIOT CJENaTh MPOTHO3 O CYINIECTBEHHOM YMEHBIICHHH Maccorabapur-
HBIX XapaKTEepPUCTHK ycTpoicTB CBY-31eKTPOHUKH, YTO 00ECTIEeYNBAaET BO3MOXKHOCTb JUUISI X IIHPO-
KOTO HCIOJIB30BAHUS B MOOMJIBHBIX M MaJIOpa3MEpHBIX paguoTexHu4Yeckux cuctemax ¢ CBY kana-
JIOM Tiepenadu U npuema mHpopmarun. Oco0eHHO akTyajabHa MpobieMa MaccorabapuTHBIX Xapak-
TEPUCTHK JJISI TaKMX YCTPOWCTB, Kak OOPTOBBIE pPaJMOJIOKAIMOHHBIC CTAHIHHU Pa3IMYHOTO poja
HOABIXHBIX OOBEKTOB. DTO IMO3BOJISICT NMPOTHO3UPOBATh HAYYHYIO M NMPOM3BOACTBEHHYIO aKTyallb-
HOCTb JIaHHOH pa3paboTKH.

Kniouesvie crosa: CBY-mo0yau, maccoeabapummuvle Xapaxmepucmuxi, MHO20CIOUHAS MEXHO-
J02ust, 2UOPUOHOE KObYO, Wenesdst TUHUSL.
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