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Abstract

Introduction. The frequency band around 60 GHz is one of the most promising when it comes to creating new
generation communication systems with a high data rate. This is due to the utilisation of a wide operational
frequency band that significantly exceeds traditional frequency bands below 6 GHz. The high interest in the de-
velopment of 60 GHz communication systems is related to the recent evolution of MMIC technology, which al-
lows for the creation of effective components for this band and a variety of planar devices. Both are typically
produced on printed circuit boards and have interfaces based on microstrip lines. The wideband waveguide-to-
microstrip transition is required for the testing of various active and passive planar devices with microstrip in-
terfaces, in order to provide an effective interconnection between the standard waveguide interface of meas-
urement equipment and planar microstrip structures.

Objective. This paper deals with the design of planar wideband waveguide-to-microstrip transition with low in-
sertion loss level in the 60 GHz frequency band.

Materials and methods. The main objective was achieved by analysing discontinuities in waveguide-to-
microstrip transition structure and their influence on transition characteristics. The transition characteristics
were analysed using full-wave electromagnetic simulation and confirmed with experimental investigation of de-
signed wideband waveguide-to-microstrip transition samples.

Results. The designed transition was based on an electromagnetic coupling through a slot aperture in a mi-
crostrip line ground plane. The transition was performed without the use of blind vias in its structure. This pro-
vides for low production cost and allows the integration of the WR-15 rectangular waveguide in a simple manner
without any modifications in the waveguide structure. The results of the electromagnetic simulation were con-
firmed with experimental investigations of the fabricated waveguide-to-microstrip transition samples. The de-
signed transition provides for operation in the nominal bandwidth of the WR-15 waveguide, namely, 50...75 GHz
with the insertion loss level of 2 dB and with less than 0.8 dB insertion loss level at the 60 GHz frequency.
Conclusion. The designed waveguide-to-microstrip transition can be considered as an effective solution for in-
terconnection between various waveguide and microstrip millimetre-wave devices due to its wideband perfor-
mance, low insertion loss level, simple integration and robustness to the manufacturing tolerances structure.
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AHHOTaUmA

BBepaeHume. HacToTHbIV gnana3oH B6amn3n 60 My - o4nH 13 Hanbonee NepCcrnekTUBHbIX AN CO34aHNSA BbICOKO-
CKOPOCTHbIX CUCTEM CBSi3M HOBOIO MOKOJIEHUS 3a CYET MCMOb30BaHWA LUMPOKOKM NOAOCkI YacToT nepejasae-
MbIX CMFHaNO0B, CyLLECTBEHHO MpeBblllatoLLei AOCTYMHble 3HadYeHVs A0 6 ML B TPaAULMOHHbBIX YacTOTHbIX
Anana3soHax. AKTMBHOe pasBuTne CUcTeM CBA3M guana3oHa okoso 60 L nogkpennseTca paclimpeHmnemM MHo-
roobpasuns COOTBETCTBYHOLLMX MOAYNPOBOAHNKOBLIX KOMMOHEHTOB 1 MAaHapHbIX YCTPOCTB, peannsyemblix Ha
CBY neuaTtHbIX NaaTax 1 UMeroLWmxX nHTepdeinc Ha 0CHOBE MUKPOMOJIOCKOBBIX IMHUI Nepejayn. na nimepe-
HVA 1N OTNaAKM NONYMPOBOAHUKOBBLIX KOMMOHEHTOB U MaHapHbIX YCTPOWCTB BO3HMKAET HEOOXOANMOCTb 1X
CoeANHEeHNs C BONHOBOAHbIM NMHTepdEeNcoM N3MepUTEIbHOro 060PYAOBaHNSA, YTO MOXET OblTb BbINOAHEHO C
NMOMOLL5H0 BOJIHOBOZAHO-MUKPOMO/0CKOBOrO rnepexoja.

Lienb pa6oTbl. PaspaboTka 1 nccnefoBaHme NaaHapHOro LUMPOKOMONOCHOMO BO/IHOBOAHO-MMKPOMOIOCKOBOMO
nepexoja A5t HaCTOTHOrO AManasoHa okono 60 ML, obecneymBatroLLero Masnblil YypoBeHb BHOCUMbIX MOTePb.
MaTtepunanbl n meToApbl. 17 AOCTVXEHNS MOCTaBAEHHONW Liei MPOaHaM3MPOBaHO BANSHWE HEOAHOPOAHO-
CTell B CTPYKTYpe Nnepexoia Ha ero xapakTepuctuky, a Takke UcciefoBaHbl MeToAbl YCTPaHEeHWs Takmx HeoHo-
poaHocTel. AHanV3 BAUSHNA HEOAHOPOAHOCTEN 1 pacyeT XapakTepucTK pa3paboTaHHOro nepexoia BbiMoaHe-
Hbl C MOMOLLI0 3NEKTPOANHAMNYECKOrO MOAEINPOBAHWA U MOATBEPXKAEHbI pe3yabTaTaMu 3KCnepuMeHTanbHO-
ro nccnefoBaHNsa U3roToBEHHbBIX 06Pa3L0B LLUMPOKOMNOAOCHOrO BOHOBOAHO-MUKPOMOIOCKOBOrO Nepexoaa.
Pe3ynbTaTbl. Pa3paboTaHHbIV Nepexo OCHOBaH Ha 3M1eKTPOMarHUTHOM B3aMMOZAENCTBUN Yepes Lenesyto anep-
TYPY B 3KpaHe MUKPOMOIOCKOBON MMHNN U He COAEPXXUT B CBOEN CTPYKTYpPe C/1embliX NepexoAHbIX OTBEPCTUIA, YacTo
NPUMeHsieMbIX A1 Mepexoi0B MUIIMMETPOBOIO JMarna3oHa 4acToT, HO 3HaYUTENIbHO YBEINYMBAIOLLIMX C/IOXHOCTL
1 CTOMMOCTb N3roToB/EeHNS. [epexos BbIMOIHEH C BOSMOXHOCTLIO HEMOCPEACTBEHHOrO NOACOeAMHEHNS K OTPE3KY
NPSIMOYro/IbHOr0 BOJIHOBOZA CTaHAAPTHOro ceveHnss WR-15 6e3 ononHUTeNbHbIX MOANPUKaLMIA B CTPYKType BOSI-
HoBoOZa. [0 pesy/nbTaTamM MOAENVPOBAHNS N SKCNEPUMEHTaJIbHOMO NCC/IeJ0BaHMS MoJioca NPonyckaHus rnepexoga
paBHa MoJIHOM Mosoce NponyckaHusa BonHoBoga WR-15, a umeHHo 50...75 Ty, no ypoBH0 -2 46 KoadduupmeHTa
NPOXOXAEeHNs, a NoTepy, BHOCUMbIE B NepesaBaemblii cMrHas, He npesblwatoT 0.8 46 Ha yacToTe 60 IMTu,.
3akntoyeHue. LLivpokas nonoca NponyckaHWs CUrHana, HebonbLUme noTepy, yCTONYMBOCTbE K HETOYHOCTAM U3ro-
TOB/IEHUSA 1N NPOCTOTa MHTErpaumy rno3sBoastoT UCMOAb30BaTb BOIHOBOAHO-MUKPOMONOCKOBbLIV Mepexos Al co-
eMHEeHNS Pa3NYHbIX MUKPOMOAOCKOBbIX Y BOIHOBOAHbIX YCTPONCTB MUANNMETPOBOMO AManasoHa A/IVH BOAH.

KnwouesBble cnoBa: MI/I}'I!'II/IMETpOBbII7I Aana3oH AN1NH BOJIH, BO!'IHOBOAHO-MI/IKpOI'IOJ'IOCKOBbII7I nepexoga,
reyatHas nnarta, MeTananyecknin BO/IHOBO/,

Ana yntmnpoBaHma: LLUINpoKonosoCHbI BOSTHOBOAHO-MUKPOMOAOCKOBbI Mepexos AN 4acTOTHOro AuanasoHa
60 My / A. B. MoxapoBsckuii, A. A. AptemeHko, P. O. MacneHHuKos, W. b. BeHguk // V13B. By30B Poccnn. Pagmo-
anekTpoHuKa. 2019. T. 22, Ne 4. C. 31-44. doi: 10.32603/1993-8985-2019-22-4-31-44

KOHq)nI/IKT NHTepecoB. ABTOpr 3aABNA0T 06 OTCYyTCTBUIN KOH¢J'II/IKTa MHTEpecoB.

CraTbsi nocTynuna B pegakuumto 27.03.2019; npuHATa K nybavkaumm nocne peleHsrposaHnsa 16.08.2019; onybnvkoBaHa
OHNarH 27.09.2019
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Introduction. The rapid development of high da-
ta rate radio systems arises from the necessity for the
wireless transmission of a large amount of infor-
mation, such as Internet traffic, multimedia and high-
definition video streaming. The millimetre-wave
band (30...300 GHz) is suitable for the design of
such systems, since it allows for the use of a wide
frequency bandwidth of up to several gigahertz for
signal transmission. This leads to a significant in-
crease in the transmission speed.

The interest among many commercial communi-
cation systems developers is focused on the frequency
band of about 60 GHz, where new generation Wi-Fi
systems [1], radio relay lines for cellular communica-
tion systems, fixed wireless access networks operate,
and the next fifth generation mobile networks are
planned to be deployed [2]. This frequency band in-
cludes the oxygen absorption line which determines
large values of electromagnetic energy attenuation
with a propagation that can be up to 16 dB/km [3].
This significantly limits the possibility of using the
frequency band for data transmission over large dis-
tances. In this regard, most countries have simplified
(or eliminated) licensing procedures for systems and
devices in this frequency range and weakened regu-
latory restrictions [4—6]. Thus, the frequency band
near 60 GHz has undergone the greatest growth in
the area of communication systems designed to work
over short distances of up to 10...20 m indoors and
up to 300...500 m outdoors [1, 7].

The great interest in the development of high da-
ta rate communication systems in the frequency band
near 60 GHz is also supported by the active devel-
opment and growth of the corresponding semicon-
ductor component base. The various millimetre-wave
band devices, including, for example, low-noise am-
plifiers (LNAs), mixers, filters, and antennas, mainly
take the form of planar microstrip structures and uti-
lise technologies such as microwave printed circuit
boards, low temperature co-fired ceramics (LTCCs)
and semiconductor technologies.

Millimetre-wave measuring equipment usually
has a waveguide interface which ensures low transi-
tion loss, the ability to transmit high power signals and
simple interconnection between the devices under
consideration. Planar devices need to be connected to
the waveguide interfaces of the measuring equipment
for the purposes of their measurement and debugging.
Thus waveguide-to-microstrip transition is required

for the purposes of transmitting signals from mi-
crostrip devices to the waveguide interfaces of the
measuring equipment.

This work deals with the design and experi-
mental studies of a planar wideband waveguide-to-
microstrip transition for the 60GHz frequency band
by using the common high-frequency technology for
printed circuit boards manufacturing. The require-
ments for transition are: low insertion loss level;
wide signal bandwidth; and robustness of the manu-
facturing tolerance structure. A direct connection of
the standard WR-15 waveguide needs to be provided
for the transition without the need of any modifica-
tions in the waveguide structure, which is a typical
issue of many similar waveguide-to-microstrip tran-
sitions [8—17].

An important issue in the development of wave-
guide-to-microstrip transition is to ensure a low tran-
sition loss level, since the operating frequency in-
crease in the millimetre range can lead to an increase
in significant losses in printed structures due to non-
uniformity. It is thus important from a scientific point
of view to study the influence of irregularities in the
transition structure upon its characteristics, as well as
to investigate methods allowing the elimination of
such non-uniformity.

In order to resolve this issue, the waveguide-to-
microstrip transition structure based on an electro-
magnetic coupling via a slot aperture in the ground
plane of the microstrip line has been selected [18-20].
For the purposes of electromagnetic energy concentra-
tion in the transition region, metallised vias are used.
These connect the waveguide structure along its entire
perimeter (except for a small gap at the point of signal
input by the microstrip line) with a shielding conduc-
tor located at the printed circuit board internal level.
This allows for the effective extension of the wave-
guide in the printed circuit board and arrangement of
the radiating element inside the waveguide. It is im-
portant to study the influence of the gap in the metal-
lised vias required for signal input by the microstrip
line. In order to eliminate the gap influence effect in
the vias, consideration is given to the placement in the
centre of the microstrip line of an additional hole di-
rectly connecting the waveguide and microstrip line
ground plane. Two approaches have been studied in
this regard. The first of these is based on a blind hole
connecting the printed circuit board top layer and the
microstrip line ground plane. The second is an original
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approach based on a through hole which simplifies
technological requirements and lowers printed circuit
board production cost.

Task formulation. Let us consider main character-
istics of the rectangular waveguide and microstrip line.

Hollow metal waveguides are widely used when
there is a need to ensure low transition loss level or
high-power signals transmission at high frequencies.
Rectangular waveguides are used to transmit signals
with linear polarisation, and waveguides with circu-
lar or square cross sections are used to transmit sig-
nals with circular or two orthogonal linear polarisa-
tions. Due to size and mass limitations rigid wave-
guides are usually used at frequencies from 1 GHz to
hundreds of gigahertz [21].

All waveguides can be classified by their size
which determines their frequency bandwidth. The
main classification for rectangular waveguides is
given by the International Electrotechnical Commis-
sion (IEC) in the corresponding standard [22]. In ac-
cordance with this classification, for example, wave-
guide WR15 has a cross section of 3.75x1.88 mm
and it is designed to transmit signals within the fre-
quency range of 50...75 GHz.

The main mode of signal propagation in a rec-

tangular waveguide is the mode TEjg, which does

not have an electric field component in the signal
propagation direction.
The lowest signal propagation frequency of the

dominant TEyy mode in the WRI15 waveguide is

39.97 GHz. The lowest signal propagation frequen-
cies of higher modes have higher values which pro-
vide a certain frequency band where only one domi-
nant mode propagates. The closest mode for the

WR15 waveguide is TEpg, which propagates at fre-

quencies above 80 GHz. Thus, the passband of the
WRI15 waveguide can be considered equal to
40...80 GHz. However, in order to ensure the best
signal transmission, the standard recommends using
the WR15 waveguide for signals with the frequency
band of 50...75 GHz.

The microstrip line is a planar structure consisting
of a central conductor separated from the conductive
screen by a dielectric substrate. The microstrip line is
easy to manufacture by using printed circuit board
technology which has a low mass production cost. Its
disadvantages in comparison with a rectangular
waveguide include limitation of a transmitted signal

34

power and a higher level of losses. Many publica-
tions have reported on the analytical study of the mi-
crostrip line, for example, [20].

The dominant mode in microstrip transmission
lines is a quasi-TEM mode. It differs from the TEM
mode, which has no longitudinal components of both
electric and magnetic fields, in that this line is not
symmetrical. Only part of the electric field is concen-
trated in the substrate between the microstrip and
ground plane, while the rest of the electric field is
concentrated next to the microstrip in the air. This
leads to differences in the field structure in the air
(dielectric constant € = 1) and in the substrate (¢ > 1).
This results in the appearance of the longitudinal
components of the electric field, which become more
noticeable as the frequency increases.

The electric and magnetic field structures of the
rectangular waveguide and microstrip line possess
significant similarities which allow for the possibility
of the development of a waveguide-to-microstrip tran-
sition in a wide frequency range.

Literature describes a wide variety of waveguide-
to-microstrip transitions, in particular, transitions us-
ing a conductor placed inside the waveguide [8—11],
or a matching metal ridge [12], and transitions based
on electromagnetic coupling through a slot aperture
in the waveguide [13, 14]. However, such transitions
are poorly adapted for operation in the millimetre-
wave band, since they require modifications in the
waveguide structure that must be performed with
very high accuracy. This leads to a significant manu-
facturing cost increase and installation difficulties.

The most promising transitions in the millimetre-
wave band are waveguide-to-microstrip transitions
with electromagnetic (non-contact) coupling through
a slot aperture in the microstrip line ground plane
[18, 19]. This type of transition does not require
modifications in the waveguide structure and provide
simple interconnection of planar devices and robust-
ness to manufacturing inaccuracies.

Waveguide-to-microstrip transitions with elec-
tromagnetic coupling through a slot aperture in the
ground plane of the microstrip line are designed to
operate at a frequency of 60 GHz and often perform
on a ceramic substrate by using LTCC (Low Temper-
ature Co-fired Ceramics) technology due to its high
manufacturing accuracy, wide technological capabili-
ties, and low losses. However, this technology leads
to a significantly higher production cost and manu-



OPUTUHAJIBHAS CTATHSA

H3Bectus By3os Poccun. Pagnosnexrponnka. 2019. T. 22, Ne 4

Journal of the Russian Universities. Radioelectronics. 2019, vol. 22, no. 4

ORIGINAL ARTICLE

BHCKTPO)IHHaMI/IKa, MHUKPOBOJIHOBAaSA TeXHUKA, AHTCHHBbI

Electrodynamics, Microwave Engineering, Antennas

facturing time in comparison with standard high-
frequency technologies for the manufacturing of
printed circuit boards. The possibility of using stand-
ard materials for high data rate printed circuit boards
in the development of waveguide-to-microstrip tran-
sitions of the millimetre-wave band is shown in [19].
However, the transition reported in [19] has a limited
passband (11.5% with respect to the centre frequency
of 60 GHz) and a significant loss level (about 2 dB at
60 GHz). Moreover, blind metallised vias are used in
the waveguide-to-microstrip transition structure pre-
sented in [18]. This fact significantly increases the
manufacturing cost and is accompanied by techno-
logical limitations.

This paper presents the design of a wideband
waveguide-to-microstrip transition with low losses at
a frequency of 60 GHz by using standard printed cir-
cuit board manufacturing technology. The develop-
ment is carried out by using the full-wave electro-
magnetic simulation and experimental study of tran-
sition test structure.

Results of the full-wave simulation of the
waveguide-to-microstrip transition. The thus-
designed waveguide-to-microstrip transition struc-
ture is shown in Fig. 1, where a is the cross-section,
b is the top view, and c is the bottom view. Micro-
wave material RO4003C by "Rogers" with a dielec-
tric constant of € =3.54 at a frequency of 60 GHz is
used as a dielectric substrate [23]. The loss tangent
value of tg6=0.0058 is set in accordance with the
experimental data presented in [24].

The structure under consideration has three metalli-
sation layers separated by the dielectric substrate. This
includes two layers /, 2 of the microwave material
RO4003C with a thickness of 0.2 mm each and a binder
prepreg RO4450B by "Rogers" with a thickness of 0.2

Waveguide -
WR-15

®
(® @ o

©

mm. The inner metallisation layer 3 is a continuous
ground plane layer. A waveguide segment is located on
one side and on the other a microstrip line. The signal
transmission from the waveguide to the microstrip line
is through the slot aperture 4 in the ground plate by us-
ing the radiating patch 5 on the upper metallisation lay-
er, allowing for better transition in a wide frequency
band. The total thickness of this printed circuit board is
0.66 mm, and the thickness of each metallisation layer
is 18 pum. The structure of electric fields in the designed
waveguide-to-microstrip transition is shown in Fig. 2.

Several stacked radiating elements are often used
to increase the waveguide-to-microstrip transition
passband [16]. Analysis has revealed that with the ap-
propriate choice of transition parameters, a single ra-
diating patch can be used to provide a transition pass-
band equal to the entire bandwidth of the waveguide.

The use of metallised vias (Fig. 1, b) connecting
the waveguide along its entire perimeter (except for a
small gap where a signal is fed by the microstrip
line) with a ground plane allows for the effective ex-
tension of the waveguide and the positioning of the
radiating element inside. This also fulfils a restriction
on the absence of modifications in the standard
waveguide for this transition. The distance between
adjacent vias has a great influence on waveguide-to-
microstrip transition characteristics [15] For this rea-
son, it is made as small as possible within technolog-
ical limitations. Through vias with a diameter of 0.18
mm and a distance between adjacent vias of 0.2 mm
are used. Since it is not possible to produce e vias
with the given parameters at the place of signal input
by the microstrip line, a certain gap occurs.

Blind holes between two upper layers of metalli-
sation can be used to avoid a gap in the vias where a
signal is fed by the microstrip line [15, 16]. However,
this leads to difficulties in manufacturing technology

Muicrostrip line

a

c
Fig. 1. The waveguide-to-microstrip transition structure: a — cross-section; b — top view; ¢ — bottom view
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Fig. 2. The electric fields distribution in the waveguide-to-microstrip transition

and a consequent increase in production costs. This
article presents the results of studying the effect of
the gap between through holes located near the mi-
crostrip line on waveguide-to-microstrip transition
characteristics.

3D electromagnetic simulation of the designed
waveguide-to-microstrip transition structure is per-
formed using CST Microwave Studio. The effect of
the gap in vias where a signal is fed by the microstrip
line within the range of the gap size d 0f 0.8...1.4 mm
on the transition characteristics is studied. The fre-
quency dependencies of transmission Sy and reflec-

tion Syq coefficients obtained as a result of this sim-

ulation are shown in Fig. 3.

The simulation results show that when the vias
are located around the waveguide entire perimeter
with a small gap between the vias, then the mi-
crostrip-to-waveguide transition provides a passband
equal to the waveguide entire bandwidth. However,
given the presence of a significant (more than 1 mm)
gap between the vias, there is a dip in the transmis-
sion coefficient in the passband. As the gap between
the vias increases, the dip increases in depth and
shifts toward the lower frequencies. When perform-

~ 09 13
-8 ———. 10 —— 14
~11
821, d
Fig

36

ing electromagnetic simulation, it was found that as
the gap in the vias increases, the level of side radia-
tion increases and electromagnetic energy concentra-
tion on the inner layers of the printed board also in-
creases. This explains the presence of the dip in the
waveguide-to-microstrip transition transmission co-
efficient. The models of the electric field density in
the transition cross section for the gap in the vias of d
= 0.8 and 1.4 mm are shown in Fig. 4.

The study proposes a wave-guide-to-microstrip
transition design that allows the gap in vias to be
avoided without increasing the transition complexity.
The method considers placing an additional through
hole directly in the centre of the microstrip line. This
would necessitate a sufficiently large line width

(W >0.4 mm), compatible with the 50-Ohm mi-

crostrip line width on the selected structure of the
printed circuit board. In this case, vias can be placed
around the entire waveguide perimeter. At the same
time, a round border without metallisation would be
required around the through hole located in the mi-
crostrip line centre in order to prevent the microstrip
line from short circuiting to the ground plane. This
structure forms the microstrip line irregularity which
50 55 60 65

40 45 70

S, dB 0"

. 3. Frequency dependences of transmission S,; and reflection S;; coefficients
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i)

d=0.8mm

can be compensated by widening the microstrip line
part located directly under the waveguide.

The final structure of the designed waveguide-
to-microstrip transition with an additional through
hole in the centre of the microstrip line is shown in
Fig. 5. The dimensions of the transition elements (see

WWG =1.88 mm, LWG =3.76 mm,
Lp =0.93 mm, W =0.45 mm,

W; =018 mm, Ly=1.8mm, Ly =0.6mm. The
microstrip line widening Wy, =0.9 um is made to

Fig. 1) are
Wp =2 mm,

compensate the effect of the through hole.
Fig. 6 shows the simulation results of reflection

and transmission coefficients of the waveguide-to-
microstrip transition with an additional through hole

Fig. 5. The structure of the designed waveguide-to-microstrip
transition with an additional hole

d=1.4mm
Fig. 4. Models of the electric field density in the transition cross section

in the microstrip line centre (lines /). For compari-
son, Fig. 6 shows the simulation results for a wave-
guide-to-microstrip transition with a structure based
on a blind hole connecting the upper metallisation
layer to the microstrip line ground plane on its inner
metallisation layer (lines 2). The simulation results
show that the transition thus designed provides a sig-
nal transmission from the waveguide to the mi-
crostrip line in the entire waveguide passband. This
ensures smooth change of the transmission coeffi-
cient due to the presence of vias around the entire
waveguide perimeter. The transition thus designed
possesses characteristics close to the characteristics
of a blind hole transition thus confirming the effec-
tiveness of the proposed design. Transition losses are
less than 0.5 dB at the centre frequency of 60 GHz,
and the passband at the level of —1 dB of the trans-
mission coefficient which is more than 15 GHz (or
more than 25% of the centre 60 GHz frequency).
Over the entire waveguide bandwidth (50...75 GHz),
a signal is transmitted with losses not exceeding 2 dB.

An additional simulation with modified dimen-
sions of conductors and gaps between them was car-
ried out in order to assess the effect of manufacturing
inaccuracies on the characteristics of the designed
transition. The maximum deviations values of the
conductors and gap width in the simulation were
equal to £ 10% as provided for in standard produc-
tion technology of printed circuit boards.

The electromagnetic simulation results for vari-
ous combinations of deviation values for the individ-
ual transition elements are shown in grey in Fig. 7.
The black line represents the initial simulation re-
sults. The simulation results show that the deviation
of the individual transition element sizes produces a
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Fig. 6. Frequency dependences of reflection and transmission coefficients of a waveguide-to-microstrip transition
with an additional hole: 1 —through hole; 2 — blind hole
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Fig. 7. The influence of manufacturing inaccuracies on the waveguide-to-microstrip transition characteristics: gray region
belongs to a range of characteristics with 10 % inaccuracy; black line shows simulation results without inaccuracies

small shift in the operating frequency band. In this
case, transmission coefficients vary within no more
than 0.4 dB from the initial value. It should be noted
that in the most cases, manufactured printed circuit
boards have smaller size deviations. This ensures
good repeatability of the transition characteristics
over the entire operating frequency band.

Experimental studies. For the purposes of ex-
perimental investigations into the designed wave-
guide-to-microstrip transition, a back-to-back transi-
tion "waveguide — microstrip line — waveguide" was
manufactured with an additional through hole in the
centre of the microstrip line. A photograph of the
manufactured printed circuit board with the back-to-
back transition is shown in Fig. 8.

The RO4003C by "Rogers" printed circuit board
microwave material referred to above was used as a
substrate to ensure a significantly lower manufactur-
ing cost than the LTCC technology traditionally used
in the millimetre-wave range. The size of the printed
circuit board is 50x20 mm. The distance between the
two waveguide-to-microstrip transitions is equal to
30 mm to ensure convenient connection of the wave-
guides with diameters of about 20 mm. It should be

38

noted that the transition loss in the microstrip line
with a conductor of 0.45 mm width and 30 mm
length is 2.5...3 dB.

Measurements of the back-to-back waveguide-
to-microstrip transition were carried out by using a
Gunn diode oscillator tunable in a frequency range of

Fig. 8. Model of a printed circuit board with a double sided
transition "waveguide—microstrip line—waveguide"
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Fig. 9. Simulation and measurement results of the double sided
transition “waveguide—microstrip line-waveguide" characteristics:
1- Sy, simulation; 2— S;4, simulation; 3— S,;, measurements

55...62 GHz with a waveguide output interface. The
transmitted signal is received and analysed by an Ag-
ilent E4407B spectrum analyser together with an ex-
ternal Agilent 11970V down-mixer. Measurements
and back-to-back transition samples are set by pre-
positioned and fixed laboratory equipment, allowing
for the minimising of mechanical effects (flexions,
torsions, and etc.) on the printed board, thereby im-
proving the repeatability of the measured characteris-
tics. Special holes are made in the printed board to
allow its positioning by using pins of the standard
waveguide flange UG-385/U. This also reduces dis-
placements of the waveguide structure relative to the
printed circuit board.

The electromagnetic simulation results of frequen-
cy dependences of the transmission coefficient Soq

(line 7) and reflection coefficient Syq (line 2), as well
as measured values of the transmission coefficient Soq

of the back-to-back transition "waveguide—microstrip
line—-waveguide" (line 3) are shown in Fig. 9.

The measurement results show that the attenua-
tion in the waveguide-to-microstrip transition pass-
band corresponds well to simulation results and is on
average 4...4.5 dB (according to the simulation re-
sults 3.5 dB). Thus, taking losses in the microstrip
line into account, losses in one waveguide-to-
microstrip transition are not more than 0.8 dB. The
difference in measurement results is about 1 dB and

is due to manufacturing inaccuracies. The measure-
ments of several printed circuit boards samples show
consistent results, thus proving the stability of the
designed transition to manufacturing inaccuracies.

Conclusion. The paper presents the results of the
design and study of the planar wideband waveguide-
to-microstrip transition for the frequency band of
50...75 GHz. The waveguide-to-microstrip transition
is based on the coupling of electromagnetic fields in
the waveguide and microstrip line through the slot
aperture in the microstrip line ground plane. The
standard high-frequency technology for printed cir-
cuit boards production is used to ensure low manu-
facturing cost compared to LTCC technology. The
additional through hole in the microstrip line centre
provides for a passband produced by the designed
transition equal to the entire bandwidth of the wave-
guide WR-15.

Experimental studies were performed on the
back-to-back transition "waveguide—microstrip line—
waveguide". Measurements of the transition charac-
teristics supported the electromagnetic simulation re-
sults. Experimental investigations into several manu-
factured samples of the designed transitions show a
good level of robustness of the transition with regard
to manufacturing inaccuracies. As seen from the re-
sults obtained, the transition bandwidth is 25 GHz
(more than 40%) at the level of —2 dB of transmis-
sion coefficient, and the losses are no more than 0.8
dB at the central frequency of 60 GHz.

The study shows that the implementation of an
additional through hole in the microstrip line centre al-
lows for the elimination of non-regularity in the transi-
tion structure and ensures a low level of losses in the
waveguide-to-microstrip transition in the frequency
range of 50...75 GHz. The approach presented in this
paper allows all the requirements implied on the tran-
sition thus designed to be satisfied. The wide signal
bandwidth, low loss level, robustness to manufactur-
ing inaccuracies and integration simplicity, allow for
the use of the waveguide-to-microstrip transition for
interconnection between various microstrip and wave-
guide millimetre-wave devices.
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