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PapoBu yk/byueHun y 360pHMK NnpuxsaheHu cy oA cTpaHe peueH3eHaTa U NpUMKasaHu Ha 65.
roguwmoj kKoHdepeHumju Qpywtea 3a ETPAH (ETPAH 2021) u 8. UHTepHaLUMOHaNHOj KOHbepeHUUju
(MUETPAH 2021) koje cy oap:kaHe og 08. no 10. centembpa 2021. roanHe y ETHo ceny CtaHuwunhuy,
Peny6nunka Cpncka.

Bbpoj npujaB/weHnx pagosa 3a KoHpepeHumje ETPAH n MUETPAH je 162. PeueH3nje pagosa
06aBuNo je yKynHo 266 peueH3eHarta. lNpoceyaH 6poj peueHseHaTa no paay buo je 2. NMpuxsaheH je
M Ha KOHdepeHuMju npukasaH 141 pag Koju cy nybamkoBaHM y 0BOM 360PHUKY.

3ajegHMuKa TemaTcKa cecunja "AurntanHa Cpbuja u Penybnmka Cpncka" okynuna je
Hay4yHUKe, CTPyYHbaKe, UCTParknBayve, NpeacTaBHUKE BUCOKOLUKO/ICKMUX YCTAaHOBA U NpeacTaBHUKE
OprKaBe KOju cy M3HenM cBoOje noriede Ha 3Hayaj U pa3Boj MHPOPMALMOHUX TEexXHOoJornja m
BeLTa4YKe UHTeNuUreHunje, Ha HUXOBY yNOry y Pa3Bojy Npuepese u Ha oarosapajyhe npomeHe y
obpasosHoM cuctemy. KoopauHaTtopu cecnje bunm cy npod. ap bpaHko Jokuh u npod. gp Muno
Tomawesunh, AOK cy aKTUBHM yvyecHUuu cecuje 6unnm Mp CphaH Pajuesuh, MwuHuctap 3a
HAy4YHOTEXHO/OLKN Pa3Boj, BUCOKO obpasoBare n MHpopmaumnoHo ApywTeo y Bnagu Penybaunke
Cpncke, ap Cawa CrojaHosuh, nomohHMK MuHKUCTpa 3a NPOCBETY, HayKy U TEXHO/OLWKK Pa3Boj
Bnapne Cpbuje, npod. agp Muno Tomawesuh aekaH EnektporexHuukor ¢pakynteta YHUBep3uTeTa y
beorpaay, npod. ap 3opaH bypuh, aekaH EnekTpoTexHudkor dakynteta YHusep3uTeTa y bamboj
Nlyum n npod. ap boxkupap Monosuh, aekaH EnektpoTexHuuKkor dakynteta YHuBep3uTeTa y
MctouHom Capajesy.

KoopaunHatop cneuunjanHe cegHuue Ha cekumju MeTtponoruja, nog Hacnosom "CToxacTuuke
meToae y meperuma buo je Bnagumump Byjuumh. KoopauHatop cneumjanHe cegHuUue Ha CeKUUjU
PauyHapcTBO M BellTayka MHTENUreHumja, noa Hacnosom "LTa payyHapu gaHac He mory" 6uo je
bowko Hukonuh. Y OKBUPY CeKuMje 3a eNeKTPOEHEepPreTUKy oApiKaHa je crneuujanHa ceaHuua
"EnekTtpoeHepreTunka y 21. Beky" y opraHu3aumnju Oabopa 3a eHepreTury CAHY.

Ynan MNpepgcegHuwTea Mpeapar M. MNetposuh 6Mo je KoopaMHATOP 3ajeAHUYKE TeMaTcKe
cegHUUe opraHu3oBaHe Kao omaxK Munosmbyby Cmusbanuhy, MovacHom ynany JpywTea 3a ETPAH u
lFeHepanHOM cekpeTapy AKagemuje UHKeHEepCcKMX HayKa. Y3 nopykry "Aparn Muho, gusberse u
nowToBame ca 3axBanHowhy" rosopunu cy Mpegpar M. MNetposuh, fejan b. Monosuh, NpegcegHnk
ETPAH-a.

MNpepcepgHuk ETPAH-a, akagemuk [ejaH b. Monosuh 6uo je KoopauHaTop 3ajeaHUYKe
TEMATCKe CeAHULEe OPraHM3oBaHe Kao OMaXK akagemuky HuHocnasy CrtojaguHosuhy, busem
MpepcepHunky ETPAH-a, unaHy NpeaceaHnwTea 1 3acnyXHom ynaHy JpywTtsa 3a ETPAH. Y3 nopyky
"Octajemo pa Heryjemo kerose unaeje" rosopunn cy npod. gp Lanujen AaHkosuh, [ejaH b.
MNonosuh, NMpeaceaHuk ETPAH-a n bpatucnas MunosaHosuh, akagemnk AUHC.

MocebHo ce 3axBasbyjemo opraHusaTtopuma u3 Penybnuke Cpncke u gomahuHuma u3
bujesbuHe, KOju Cy 4ONPUHENN CTBapakby YC0Ba 33 Paj U NNOAHY Pa3MEHY MULL/bEHA U KPUTUYKU
OCBPT Ha pe3y/TaTe y OKBUPY CBUX CEKLMja.

beorpag, 12.10.2021.
Akagemuk CnobopgaH Bykocasuh
3amMmeHuK npeacegHuka ETPAH



The papers included in the Proceedings were selected in a peer review process and
presented at the 65th annual conference of the ETRAN Society (ETRAN 2021) and at the 8th

Republic of Srpska, Bosnia and Herzegovina.

The number of the submitted papers for the ETRAN and ICETRAN conferences was 162 in
total. Peer reviewing was done by 266 reviewers. The average number of reviewers per paper was
2. A total of 141 papers was accepted, presented at the two conferences and published in full in
these Proceedings.

The joint thematic session “Digital Serbia and Republic of Srpska” gathered scientists,
experts, researchers, representatives of universities and governmental representatives who
presented their opinions about the significance and development of information technologies and
artificial intelligence, their role in the economic development and the corresponding changes in the
educational system. Session coordinators were prof. dr. Branko Doki¢ and prof. dr. Milo Tomasevic,
while the active participants of the session were Mag. Sci Srdjan Rajcevi¢, Minister of Scientific and
Technological Development, Higher Education and Information Society in the government of the
Republic of Srpska, dr. Sasa Stojanovi¢, Assistant Minister of Education, Science and Technological
Development in the government of Republic of Serbia, prof. dr. Milo Tomasevi¢, Dean of the School
of Electrical Engineering, University of Belgrade, prof. dr. Zoran Djuri¢, Dean of the Faculty of
Electrical Engineering, University of Banja Luka and prof. dr. BoZidar Popovi¢, Dean of the Faculty of
Electrical Engineering, University of East Sarajevo.

The coordinator of the special session within the Metrology Section titled “Stochastic
Methods in measurements” was Vladimir Vuji¢i¢. The coordinator of the special session within the
Computers and Artificial Intelligence Section titled “What computers cannot do today” was Bosko
Nikoli¢. Within the Power Engineering Section a special session “Electric Power in 21t Century”,
organized by the Power Engineering Board of Serbian Academy of Sciences and Arts (SASA).

The member of the ETRAN Society Board Predrag M. Petrovi¢ was the coordinator of the
plenary thematic session organized as a homage to late dr. Miloljub Smiljani¢, Fellow of the ETRAN
Society and Secretary General of the Serbian Academy of Engineering Sciences. With the message
“Dear Mico, admiration and respect with gratitude” the speakers were Predrag M. Petrovi¢ and
academician Dejan B. Popovi¢, ETRAN Society Chairman.

The ETRAN Society Chairman, academician Dejan B. Popovi¢ was the coordinator of the
plenary thematic session organized as a homage to late academician Ninoslav Stojadinovi¢, Member
of ETRAN Society Board and a Fellow of ETRAN Society. With the message “We continue to forward
his ideas” the speakers were prof. dr. Danijel Dankovi¢, academician Dejan B. Popovi¢, ETRAN
Society Chairman and Bratislav Milovanovi¢, academician of Serbian Academy of Engineering
Sciences.

We express our special gratitude to the organizers from the Republic of Srpska and our hosts
from Bijeljina who contributed to creating working conditions and a fruitful interchange of opinions,
as well as a critical review of the results within all sections.

Belgrade, October 12, 2021.
Academician Slobodan Vukosavié
Vice-Chairman of the ETRAN Society



Incorporating a Lowpass Filter into a Very Wide
Bandpass Filter to Suppress Harmonics

Dus$an Nesi¢, Member, IEEE

Abstract—This paper presents an algorithm for suppression of
higher harmonics in response of the very wide bandpass filter
(WBPF). Lowpass filter (LPF) is incorporated into the very wide
bandpass filter to suppress harmonics. The LPF is consists of
only three identical cells with uniform open stubs. At least two
higher harmonics are suppressed.

Index Terms— Microwaves, Suppression of higher harmonics
for very wide bandpass filter, Ideal model.

. INTRODUCTION

ONE disadvantage of common bandpass filters is existing
of higher harmonicas causing a narrow bandstop region on
higher frequencies outside bandpass. This is specially a
problem for the very wide bandpass filter (WBPF) like one
presented in [1]. Common solution is incorporating lowpass
filter (LPF) into the WBPF [2,3]. The solution intends not to
significantly degrade bandpass characteristics but suppress
higher harmonics. In the same time slow-wave characteristic
of the lowpass filter shortens (minimizes) the structure.
Problems can be nonuniform open stubs in [2] or too many
different uniform open stubs like in [3].

Starting WBPF is from reference [1] with 150 % relative
bandwidth. Ideal transmission structure and its response are
presented in Fig. 1 and Fig. 2 in program package WIPL-D
[4]. As can be seen in Fig. 2, bandstop region between the
first bandpass and the next harmonic is narrow.

Fig. 1. Model of the ideal bandpass filter for relative bandwidth 150 %,
presented in [1].

The aim is to suppress at least one higher harmonic. From
Fig. 1 can be seen that transmission line segments between
shorted stubs are A/2 (2 x 0.250 X), in phase . To incorporate
lowpass filter, the segment between the second and the third
shorted stub is replaced with a lowpass filter. An example of a
lowpass filter is chosen from [5]. It can be constructed of

Dusan Nesi¢ is with Centre of Microelectronic Technologies, Institute of
Chemistry, Technology and Metallurgy, University of Belgrade, NjegoSeva
12, 11000 Belgrade, Serbia (E-mail: nesicad@nanosys.ihtm.bg.ac.rs).
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identical cells.
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Fig. 2. Sy parameters for the filter around 3 GHz in the Fig. 1 with higher
harmonica.

Il. THE METHOD

The method of incorporation of the lowpass filter is
presented in Fig. 3. Instead of a transmission line segment =
(M2 =2 x0.250 A in upper Fig.3) between shorted stubs there
are three equal cells of the lowpass filter, each with (L1 +
L1)* A distance on the main line (3 x (L1 + L1)* A) in down
Fig. 3). The phase difference n/3 is replaced with a cell
presented in Fig. 4 with (L1 + L1)* A distance on the main
line.

LINE 2

Z=73 Ohm
L13.=0.250

SHORT 2
Z=75 0Ohm

OPEN 2
Z=ZS1 Ohm

OPEN 3

OPEN 1
Z=ZS1 0hm Z=Z51 Ohm

LINE&
Z=7310hm Z=731 Ohm
Li=LS1 Li=Lg1

1 21 2 1 21 1 2|
LINET LINE 8 LINE 10 LINE 11 LINE 13
Z=Z1 0hm Z=Z1 Ohm Z=Z10hm Z=Z10hm Z=Z1 0hm
Li=L1 =Lt Li=L1 =Lt Ln=L1

LINE & LINE 12
Z=7510hm

Li=L1

LINES
Z=Z1 0hm
Ls=l1

LINE 14
Z=7Z5 0hm
L/.=0.250

SHORT 3

Z-Z5 Ohm SHORT 4

Z=Z5 Ohm

Fig. 3. Equivalence for incorporating low pass filter into bandpass filter.
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OFENZ

Z=251 Ofm
LNEY
Z=Z51 onm
Li=LE1
—Q—' 1 1 2 |—.-
UMNES LINE 10
=21 0mm Z=Z108m
La=L1 La=L1

Fig. 4. One cell of the incorporated lowpass filter.

AB.C.D. matrix for the section n/3 of the primary filter
with characteristic impedance Z, Fig. 1, is equaled on central
frequency at 3 GHz with calculated ADCD matrix of the cell
in Fig. 4. L1 in Fig. 4 corresponds to phase difference t1, L1 =
t1/(2m). Z1 is characteristic impedance of the main line and
ZS1 is characteristic impedance of the open stub. LS1
corresponds to phase tS1 of the open stub, LS1 = tS1/(2x).

Calculation process is presented in Fig. 5 according to the
reference [5], Y =CyA,. Entering parameters are Z-
characteristic impedance of the primary filter, ZS-
characteristic impedance of the shorted stub of the primary
filter (not in calculation, only in final results), ZS1-
characteristic impedance of the open stub. tS1- phase length of
the open stub was firstly treated as an entering parameter but
later it is equaled with t1 to get better response of the lowpass
filter according to [5]. Output parameters are t1 (L1) and Z1.

{AS Bs} N3
TIfA Bl A B[
5 [ e e I

CCSAB(;Dlo(:DDB_(;
C DL Y 1L dIC Al

Fig. 5. Transformation of the cell in the Fig. 1 via ABCD matrix according to

[4].

Equaled elements of matrix are presented in (1)-(3).

A, (713) = cos(z/3) = D,(7/3) = AD + BC + BCS% Q)

2

B.(7/3) = stin(ﬂ/3)=2AB+Cs% @)
D2
C.(z13)= jsin(z/3)/Z =2CD+C5E 3)

The corresponding ABCD-parameters for the cell in Fig. 4
are: A= D =cos(t1), A, = cos(tS1), B = jZ1sin(t1),
C =jsin(tl)/Z1 and C, = jsin(tS1)/ZS1.

MTI1.5 Page 2 of 4

Solution for Z1 from (1) and from (3) are (4) and (5)
respectively

_ Z81-(2cos(2-11) 1)

. 4
sin(2-t1) - tg(tS1)
71— sin(2- tl) 5)
(J3/(2-2) - (cos(tD) 2 -tg(tSL) / ZSL)
Next, equal solutions from (4) and (5). After rearranging
(cos(t1)2 = 3/3/(4+/3 — 22 (tg(tS1)/ ZS1) =C (6)
tl= acos(JE ) (7

Return (5) to solution for Z1 and calculate Z1. Calculation
in WIPL-D Microwave Pro v5.1 [4] is presented in Fig. 6. Z1
is firstly calculated via (6) and then checked via (5) (PU).

nmmm

Fig. 6. Calculation of parameters in WIPL-D Microwave Pro v5.1.
T=tg(tS1)/ZS1. PU only checks calculation.
I1l. RESULTS

Entering values for Z and ZS are chosen according to [1] for
the very wide bandpass filter with relative bandwidth of 150



% around 3 GHz. The value of characteristic impedance of the
open stub, ZS1, is chosen to induce equality of tS1 and t1 for
better characteristics of the lowpass filter [5].

The values from Fig. 6 are incorporated into models in Fig.
7. The final filter is symmetrical as can be seen in Fig. 7.
Additional resistivity is incorporated to suppress numerical
problems, Fig. 6. Results for S,; and S,; for the final structure
with the incorporated lowpass filter are presented in Fig. 7.
More than two higher harmonics are suppressed. Sy; is below -
15 dB in the bandpass.

IV. CONCLUSION

The algorithm for incorporating lowpass filter into
bandpass is presented. For example, it is applied to a very
wide bandpass (WBPF) filter of 150 %. Such WBPF has
narrow bandstop and wide higher harmonic that make
problems in circuits. More than two higher harmonics are
suppressed with incorporated lowpass filter. The lowpass
filter consists of only three identical cells with uniform arms
in the middle of the WBPF structure. The algorithm is
applicable to other bandpass filters. Further research will

R1 =Ro Ohm R2 =Ro Ohm R3 =Ro Ohm
LINE 2 LINE S LINE 8
7-751 0hm 2-751 Ohm 7-251 Ohm
LINE 14 LINE 16 LINE 18 Ui=Lst Wi=Lst Wi=Lst LINE 17 LINE 19 LINE 15
PORT_1  Z=ZOhm Z-Z Ohm Z=Z Ohm Z=Z Ohm Z-Z Ohm Z=Z Ohm PORT_2
Z=50 0hm  L7.=0.250 14.=0.250 1.=0.250 1,=0.250 14.=0.250 11,=0.250 2=50 Ohm
1 2 1 2 )—@—' 1 2 1 1 2 '—@—{ 1 1 2 '—@—'1 2 1 2 1 2 I—@—{1 2 2
— LINE 1 LINE 3 LNE4 LNE§ LNE7 LNE 9 LNE 13
LINE 11 e Z=Z10hm Z=Z10hm Z=Z10hm Z=Z10hm Z=Z10hm 2Z=Z10hm 2=ZS Ohm LINE 10
Z=ZS Ohm u- ~0.250 [WER] =1 [ER] =1 [TER] =1 17.=0.250 =75 Ohm
11.=0.250 =025 : 120250
R4 =Rs Ohm RS =Rs Ohm R6 =Rs Ohm R7 =Rs Ohm
OPEN 1 OPEN2 OPEN3
Z=2510hm Z-7510hm Z-251 Ohm
LINE 2 LINE 5 LNEB
Z-751 0hm Z=2510hm Z-751 0hm
LINE 14 LINE 16 LINE 18 Lh=Ls1 Li=LS1 ) LINE 17 LINE 19 LINE 15
PORT_1  Z-ZOhm Z-Z Ohm Z-Z Ohm Z-Z Ohm Z-Z Ohm z-Z Ohm PORT_2
Z=500hm  L/;=0.250 14.=0.250 14.=0.250 14.20.250 14.=0.250 .=0.250 Z=50 Ohm
g@-‘ 1 2 }—@—{ 1 1 2 1 2 I—@—' 1 1 2 |—®—|1 1 2 2 }—@—'1 2 l—@ﬁ
LINE 1 LNE3 LINE 4 LNES LNE7 LINE9
LINE 11 Z=Z1 Ohm Z=Z1 0hm Z=Z10hm Z=210hm Z=Z1 Ohm Z=Z1 Ohm LINE 10
Z=ZS Ohm wi=L1 Li=L1 Ui=L1 Ui=L1 =Lt =Lt 2Z=75 Ohm
11.=0.250 11.=0.250
LINE 12 LINE 13 2
Z7=75 Ohm 2275 Ohm
11.=0.250 17.=0.250
SHORT 3 SHORT 4 SHORT 1
SHORT:2 775 Ohm 7-25 Ohm 7-25 Ohm
7225 Ohm
Fig. 7. Model of the lowpass filter incorporated into the bandpass filter, down model; the model with additional resistivity, upper model.
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Fig. 8. Sy and Si; parameters for the resulting bandpass filter for ZS1-
characteristic impedance of the open stub, equals 30 Q.
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