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Abstract— This paper presents a design of three port
stripline circulator using magnetized ferrite. The design is
proposed to comply a radar system at 3 GHz operation.
The geometry design consists of two ferrite planar disk
resonators separated by a disk center conductor
symmetrically coupled by three port of transmission line.
In the design process, the ferrite material is magnetized
perpendicularly to the plane of the device by a static
magnetic field to obtain all three port are matched. The
ferrite of Ni-Zn material, the saturation magnetization of
2400 Gauss and ferromagnetic linewidth of 200 Oe were
used for disk resonator and Cu metal as conductor of the
transmission line. The EM simulation software was used to
simulate, optimize and record the design parameter in
order to achieve good insertion loss
(S21), return loss (S11) and isolation (S31). The
simulation experiment has done by the difference of
magnetization. The best result recorded for 3 GHz at 1600
Oe of magnetization, namely; - 0.411 dB of S21, --28.111
dB of S11, and -41.831 dB of S31.

Keywords—circulator; stripline; saturation;
magnetization;ferrite; insertion loss; return loss; isolation

[. INTRODUCTION

The three-port circulator is a unique nonreciprocal passive
device of symmetrical junction having one typical input port,
one output port, and one decoupled port[1]. It has the
property that a wave incident in port 1 is coupled to port 2
only, a wave incident in port 2 is coupled to port 3 only, and
so on[2]. The device one of key part for microwave
telecommunication systems and have been used for many
applications. For the application, the three-port circulator can
be also used as isolator as shown in Fig.l. When the
circulator functioned as an isolator, the device can protect
other Radio Frequency (RF) components from excessive
signal reflection. The RF circulator may also be used in a
duplexing system to control transmission and reception of
microwave energy with single antenna[3]. Fig.1. describe an
operating system of the ferrite circulator. The rotation line
represents the magnetic fields direction and the signal when
applied to any port of this circulator. If a wave incident at
port 1 and port 2 is well matched, the wave will emerge at
port 2. The outputs remain the same as these devices are
symmetrically constructed, it makes no difference which port
is the input of the circulator[3]. A circulator is a useful device
for signal routing or separation between components. The Y-
Junction Circulator, the three-port version of ferrite junction
that can be constructed in rectangular waveguide or stripline
are commonly used[4].

Annomayus — B 3ITOM [OKyMeHTe mpeAcCTaBJIeHA
KOHCTPYKIUSI TPeX-nopToOBOro MOJIOCKOBOI'0
HUPKYJIATOpPa ¢  HMCHOJb30BAaHMEM HAMATHMYEHHOIO
(eppurToBoro HUWJIHHAPA. Koncrpykuus

npeaJaraercs JJIsl HCIOJb30BAHNS B PaAHOJIOKAIMOHHOM
cucreme Ha 4yactore 3 ITu. Koncrpykropckasi cxema
CcOCTOMT M3 [JBYX (heppHTOBBIX HMJINHAPHYECKHX
Pe30HATOPOB,  pa3JeJeHHBLIX KOJBLIOM LEHTPAJILHOIO
NPOBOJHNKA, CHMMETPHYHO CBSI3AHHBIM C TPeMsl MOPTaMH

JUHUM Tepeaauyun. B  mnpomecce NpPoeKTHPOBAHMA
(epputsi HAaMarHH4eHbl neprneHANKYJIsIPHO
MJIOCKOCTH  CTATHYECKHM  MArHUTHBIM  MoOJeM s

MOJIyYeHHs] COTJIACOBAHHOCTH Mo TpeMm mnoptam. /[lis
pe3oHaTopa ObLIM HCHOJIb30BAHbI HMKe/Jb-UMHKOBbIE Ni-
Zn (¢epputbl, HaMarHu4yenHocts 2400 rayce, mmpuHa
JUHUM  ¢eppoOMarHuTHOrO pe3soHanca 200 I, B
Ka4YecTBe INPOBOJHHMKA  HcHoabdyercs Meab. EM
nporpaMMHoe of0ecriedeHHe ObLIO HCHOJb30BAHO IS
MO/IeJTNPOBaHMNS, ONTHMH3ANHT | 3amucu
KOHCTPYKTHBHBIX  NApaMeTpPoB  [Jsi  JOCTHIKeHHSs
XOpOIIMX BHOCUMBIX MoTephb (S21), 3aTyXaHus oTpa)KeHUst
(S11) u w3oasiumu (S31). MogenupoBaHue cIeJIaHO 10
Pa3sHOCTH HAMArHM4Ye€HHOCTH. Camblii JIyY LMt
pe3yabTaT pag 3 ITo moayyen mpu 1600 O
HaMarHU4eHHOCTH, a uMeHHo; -0,411 nb S21, - -28,111
ab S11 u -41,831 ab S31.

Kniouesvie cnosa — uupkynamop; NnoJ0CKOGblil;
saturation; HAMAZHUYEHHOCHIb; eppum; 6HOCUMbBLE
nomepu;  3amyxamue Ompax);cenus; 6eHmMub

1. BBEJAEHUE

TpexnopToBbIi LUPKYJIIATOP - YHUKAJIBHOE

HEB3aMMHOE  TIaCCUBHOE  YCTPOMCTBO CHMMETPUYHOTO

COCAMHEHUS, WMEIOIEe OAWH THINWYHBI BXOZHOW TIOPT,
OIMH BBIXOJHOM MOPT M OJUH pa3beAMHEHHbIM mopt [1].
[Mpunuun pgedictBus - BOJHA, momajarouiass B mopt 1,
CBsi3aHA TOJBKO C IOPTOM 2, BOJIHA MOMAZAONIas B MOPT
2 cBs3aHa TOJBKO ¢ moprom 3 u T. n. [2]. Ilpubop
SIBIIIETCS. ~ OOHMM U3  KJIIOYEBBIX  YCTPOMCTB  JuId
MHUKpPOBOJTHOBOM CHCTEMBI CBS3M U HCIOJB3YeTCS BO
MHOTHX CHCTeMax. B pa3iauuHBIX cXemaX, TpPeXIOpTOBBIN
LUPKYJSITOP TaKKe MOXKET OBITh MCIOJIB30BaH KaK M30JIATOD,
Kak mokazaHo Ha puc.l. Korma umpkynsTop ucnosb3yercs
KaKk  M30JITOp, OH  MOXET  3all{IlaTh Ipyrue
panuodacrtotHsle  (RF)  KOMIIOHEHTBI OT 4Ype3MepHOro
OTpaKCHMsI CHTHaja. Pafino4yacTOTHBIH LHUPKYIATOP MOXKET
TaK)X€ HCIOJIb30BAaTbCA B JYIUIEKCHOM CHCTEME C OJIHOH
AQHTEHOW Ui ynpaBieHus nepepadeid u npuemom CBY Bonn
[3]. Pucynok 1. TlokaspiBaeT TIPUHIIATT paboTs
(beppuToBOrO IUPKYJIATOPA. Jlununs BpaleHus
MIOKa3bIBAaCT HaIlpaBJIIEHHE MarHUTHBIX IOJIEH U CUTHAaJIa TpH
MPWIOKEHNH K JIIOOOMYy IMOPTy 3TOTO IMpKyisitopa. Ecmm
BOJIHA TMOMajaeT B MOPT | u mMOpT 2 XOpOIIO COTJIacOBaH,
BolHa Oyner mOsABIAIOTCS B mopry 2. Brixoasr
OCTAlOTCS TaKWUMH K€, TaK Kak TpuOOp  CclenaH
CUMMETPHYHO, TO HET pPAa3HMIbI, KaKhe TIOPTHl SBISIOTCA
BxoaoM mupkymnsaropal3]. Lupkynarop ucmonb3yercs Kak

npubop  UIA  MapumpyTH3alMM ~ CHUTHaJa WM €To
pa3zaeneHus MEXTY KOMITOHEHTaMH. Haubonee
pacrpocTpaHeH  LUPKyJATOp  Y-00pa3HOTO  Iepexona,
TPEXIIOPTOBBINA BapHaHT (eppuroBOTO  TIEpEXOAA,
KOTOPBIN MOJKET OBITH MTOCTPOEH B BHJE

MPSIMOYTOJIBHOT'O BOJTHOBOJA WJIM MOJIOCKOBOM JTUHUU[4].
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Fig. 1. Three-port circulator/isolator

Microwave circulator has many uses in communication and
radar systems[5]. The Circulator can be applied to the
systems that required a shared antenna such as phased array
antenna module[6]. The ferrite circulator is typically having
3 ports
(input, output and decoupled port). Circulator allows the
maximum power transfer from one port to another port in a
way that the power flows from input port to output port and
third port will be isolated. Ferrite circulator has not replaced
by IC devices[7] and still gain much attention topic to study.
Several documents, paper, and books from years have a deal
with the design of circulators. The purpose of introduction of
this report is to provide the phenomenological description of
the operation of this device.
Research center for Electronics and Telecommunication,
Indonesian Institute of Sciences (P2ET-LIPI) for several
years has started research in the development of Radar
Technology[8][9]. For supporting the research, the
development in circulator technology is required to study. In
this paper, a design of stripline ferrite circulator that suitable
for radar systems at 3GHz operation was proposed.

II. DESIGN OF STRIPLINE CIRCULATOR

The geometry of the stripline circulator is shown in Fig.2. It
consists of two ferrite planar disk resonators separated by a
metal disk conductor symmetrical coupled by three
conductor line with 120 degrees apart from the disk center.
The ferrite disk is surrounded by a dielectric material with
the same permittivity as the ferrite, but there are ferrite
circulator arrangements, where the dielectric property of the
dielectric material is higher than the ferrite, so the device can
be radically reduced[10]. But, the air was used as the
dielectric material in this paper. Usually, external permanent
magnets located on
either side of the component provide the magnetic DC field
ensuring a longitudinal magnetic polarization and to align
magnetic spins out of the plane, because with an external
static magnetic field applied the ferrite materials gain
permeability tensor characteristics[7].
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Puc. 1. 3-X mopToBbIi IUPKYJISTOP/BEHTHIIB.

CBY-mupkynarop HMeeT MHOTO IHPUMEHEHHH B
CHCTEeMax CBs3M WU paauosiokanuu[5]. Lupkymastop MoxeT
ObITh TPUMEHEH K CHCTeMaM, B KOTOpBIX Tpedyercs
o0mas aHTEHHa, HaNpUMEp MOAYIb  (a3UpOBaHHON
aHTeHHON pemeTku[6]. DeppuUTOBBIE MUPKYIATOPHl 110
cux nop HeOBbUTH BBITECHEHBI ux
MOy IIPOBOJHUKOBBIMU aHajoramu[ 7] u mo-
MpeXXHEMy NpPUBJIEKal0T K cebe OoJplioe BHUMAaHHE.
KoHcTtpykims (eppUTOBBIX IHUPKYJISITOPOB ONHMCaHa B
OOJIBIIIOM KOJIHWYECTBE JTOKYMEHTOB, paOOT W KHHUT Pa3HbIX
ner. llenpro HamucaHumsi OT4YETa SIBJIAETCS OOOCHOBaHHE
YHHUKaJIBHOCTH pabOThI 3TOT0 YCTPOHCTBA.

Hay4Ho-uccrnenoBarenbckuit LIEHTP SJIEKTPOHHUKH
U TEIICKOMMYHHKalui VHIOHE3MICKOTO WHCTUTYTa HAyK
(P2ET-LIPI) B  TedeHHMe  HECKOJNBKHMX  JIET  Bel

HCCIENOBAaHUSI  TIO0  pa3paboTke PpaauoIOKaInOHHBIX
texHosnorui[8]  [9]. [dna mponODKEHUs HCCIENOBaHMIA,
HE00X0TUMO pa3BUBaThH H3yYCHIE TEXHOJIOTHH
mupkymanun. B JTAaHHOM pabote IpeIoKeHA
KOHCTPYKIUS [IOJIOCKOBOT'O (beppuToBOTO

OUPKYISATOPa, MPEeTHa3HAYCHHOTO IS pabOTHl B COCTaBe
PpaaroIOKaIMOHHBIX cucTeM Ha gactote 3 T,

II. KoHctpykuus IToockoBOro HUPKYIATOPA

KOHCTPYKUMA  MONOCKOBOrO  UMPKYNATOpa  MNOKasaHa
Ha puc.2. OH cocTouT U3 ABYX ¢GeppuTOBbIX MNIOCKUX
OMCKOBbIX PEe30HATOPOB., pasgenieHHbIX MeTaNINYeckum
OUCKOBbIM  NPOBOAHUKOM,  CUMMETPUYHO  COEAMHEHHbIM
TPEexnpoBOAHON  INHUEN Ha paccToAHUn 120
rpagycos oT ueHTpa Aucka. ®depputosbiin ONCK
OKpYKeH OMSIeKTPUYECKMM  MaTepuanom ¢ ToU ke
OVINEKTPUYECKON MNPOHMLAEMOCTbio, 4To U depput, HO
CyllecTBYIOT $eppuTOBblE LMPKYAALMOHHbIE YCTPOMCTBA, rae
OVINeKTpUYeCcKMe CBOMCTBA [AMINEKTPUYECKOro MaTepuana
Bbile, Yyem y ¢eppuTa, NOSTOMY YCTPOMCTBO MOXKET ObiTb

pagmKanbHO ymeHblueHo[10]. B KayecTse
OWINEKTPUYECKOro  maTepuana B 3Tol  cTaTbe  6bin
MCNONb30BaH  BO3AyX. Kak npasuo, BHELIHMe
NOCTOSHHbIE MarHuTbl, PacnoioXKeHHble no obe
CTOPOHbI ~ OT  KOMMOHeHTa, obecneumsatoT MarHuTHoe
none NMOCTOSIHHOrO TOKa, obecneynBarolLee

npPpoAONbHYKD MArHUTHYKO NONAPU3auntd U BbipaBHUBaHUE

MarHUTHbIX ~ CMWHOB  BHE  MOCKOCTM, MOCKOJbKY Mpu
NPUNOKEHUN BHELHEro CTaTMYECKOro MarHUTHOro nons
deppuToBbIE maTepuansl npuobperatoT TEH30pHble

XapaKTepucTMKK npoHuuaemoctu(7].
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One of important to consider in the design of ferrite
circulator are the material properties, the overall
performance circulator depends on the material parameters.
In this paper, the ferrite material was chosen first then the
other parameters were calculated based on chosen parameters
of the ferrite. Ni-Zn ferrite material was used for the
performance simulation, the ferrite with high permeability
and high frequency are widely wused in the
telecommunications, electronics and various sensors[11].
The simulation parameters of the ferrite are shown in Table
L.

Applying the data from the chosen ferrite material, the radius
of ferrite disk can be found. The radius of ferrite disk was
calculated using (1) for the center frequency of 3 GHz.

OnHuM 13 BaXHBIX (DAaKTOPOB, KOTOpbIE HEOOXOAUMO
YUUTBIBATh IPU MPOEKTUPOBAHUU LUPKYIATOPA, SIBISIOTCS
CBOHCTBa (eppHTOBOrO Marepuana , OT HEro 3aBHCHUT
o011asi MPOU3BOJUTENBHOCTh LUPKYJIsiTOpa. B 3TOM CcraThe
cHayaja ObLT BHIOpaH (heppHUTOBBII MaTepHal, a 3aTeM yxKe
JpyTHEe TapaMeTpbl OBUIM pacCUMTaHbl Ha OCHOBE
BBIOpaHHBIX NapaMmeTpoB ¢epputa. us MoaeaupoBaHHs
paboumnx XapaKTEpUCTHK HCIONBb30BaICS (EeppUTOBBII
Matepuan  Ni-Zn, Takue (QeppuTBl, C  BBICOKOU
IIPOHULIAEMOCTBKD M BBICOKOM  4acTOTOM  LIMPOKO
HCHOIB3YIOTCSI B TEIEKOMMYHHUKAIMAX, DJIEKTPOHUKE U
pasmmasbIXx ceHcopax [11]. ITapamerpsl MopenmpoBaHUS
(deppurta npuBeaeHsl B Tadaue 1.

[IpumeHsis maHHBIE W3  BBIOPAaHHOTO  (PEPPHUTOBOTO
MaTepuana, MOXHO HaWTH pamuyc (EeppHTOBOTO AHCKA.
Pamguyc  QeppuroBOro - AMCKa  PaCcCUMTHIBAICS  C
rcnoib3oBanueM (1) i nerTpansHoi 9acTothl 3 I'T.

kR = x (1)

Where,

21f (&p f iteMeff f . )1/2
k — r.ferritebeff ferrite (2)

R is the radius of the ferrite disk, k is the wave number, and
x is the first circulation conditions for using a disk
resonator[12]. To find k, with the ferrite dielectric constant
(@r) of 12.4, the ferrite effective permeability (peff) must be
calculated first, where,

Hepr =

The parameters x and p are the element of the polder tensor.
For the operation region of the ferrite disk is below
resonance, i~ 1, k = f/fo[13]. Where f =3 GHz and fo = 2.
Derived from (2) and (3) resulting for the k = 223.8 and k /p
= 0.71 which corresponding to kR = 1.3 with ¥ = 0.5, where
Y are angular angle approximation [1]. So, for the simulation
process this approximation was used, resulting the Radius R
=5.81 mm.

For the width of conductor lines (W) should not be very
small, as it will lead increased

losses[14]. For consideration the width of conductor line
following,

Cc

R - paguyc gepputoBoro aucka, k - BosHOBOE 4uCIO, a X -
NepBbIC  YCIOBHSA LMPKYJIALMH JUIA  HCHOJIB30BaHHS
QUCKOBOro pe3oHaropa [12]. YroObr Haiithm k ¢
JMRJIEKTPUYECKO npoHunaemoctbio deppura (B paBHOI
12,4, cmavama HeoOXxomammMo paccuutaTh 3(deKTHBHYIO
npoHuIaeMocTs Gepputa (peff), roe

(u* — k*)/u (3)

[TapaMeTpsl K | L SIBIISTIOTCS 3IEMEHTOM TEH30pa HOJIBASPA.
Jns  obmactu geiictBus  (DEPPUTOBOTO JTUCKA HUKE
pesoHanca, p ~ 1, k = f/fo[13]. Tme f =3 [T u fo = 2.
[Toy4ennsie pe3ynbTathl U3 (2) u (3)ypaBHEHUS IPUBOJIST
kk=2238wuk/pn=0,71, gro coorBerctByer kR =1,3 ¢ =
0,5, tne ¥ -nmpubmmkenwe yriaosoro yria [1]. Takum
obpazoM, g Tpolecca  MOACIUPOBAHMS  OBLIO
UCIOJBb30BAHO JTO MPHONMKCHHUE, B PE3YJbTAaTe YEro
pamuyc R = 5,81 mm.

Jns mmpuabl npoBoasumx JuHuA (W) HEe TOMKHO OBITH
OYCHb MaJjI0, TaK KaK 3TO MPHUBEACT K YBEIUYCHHUIO MIOTEPh
[14]. s paccMOTpeHUs IIMPUHBI IPOBOIAIIEH JINHUY,
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Property Values

Dielectrical Constant (er) 12.4

Saturation magnetization (4nMs) 2400 Gauss

Resonance Linewidth (AH) 200 Oe

Dielectric loss (tand) 0.0006

Lande G 22
Based on the value of propagation constant radius and Ha  ocHoBe  3HaueHHs  IOCTOSIHHOTO  paamyca
angular angle. Using (4) the width of strip conductor was pacmpocTtpaHeHusi W yrioBoro yrma.  Mcmonb3ys

calculated, resulting W = 5.65 mm. For the length of
conductor transmission line is using quarter wavelength

ypaBHeHHe (4) Obula paccunTaHa LIMPHHA I10JIOCOBOTO
MPOBOJHUKA, B pe3ynprare dero W = 5,65 mm. s

formula as follow, JUTMHBI TIPOBOJHUKA JIMHUU TIEPEAadyd HCIOIb3YETCs

YCTBCPTh AJIMHBI BOJIHBI IO (bOpMyJ'ICZ,

c
L_,1/4_NH )

pacueTHas JUIMHA y4YacTKa JIMHUM 3JIEKTpONepeAayu ¢
HCIIONIb30BaHNEM ypaBHeHUs (5) paBHa L = 7 MM. npyrum
BO)XHBIM IIapaMETPOM SIBISCTCA ToumuHa (eppura.
TonmumHa Qeppura paccuuTHIBAE€TCS C HMCHONB30BaHUEM
AQHAJMTUYECKOTO JIMHEHHOTO MMIIeaHCca Ul MOJIO0COBOH
CTPYKTYpBI, 4YTOOBI COOTBETCTBOBATH CONPOTHBICHHIO
paBHoMy 50 om. TommumHa ObuTa HalifeHa Onuskor k H =
2 MM.

the calculated length of conductor transmission line section
using (5) is L = 7 mm. Another parameter that important to
find is the thickness of the ferrite. The ferrite thickness is
calculated using analytical line impedance for stripline
structure to meet the matching impedance of 50 ohm. The
thickness was found close to H =2 mm.

The calculated parameter of R, W, and L, H ferrite, are the
initial design parameter which later possible need for
optimizations after the structure of the circulator was
modeled to get the best result at the center frequency of 3
GHz. Table II shows the initial design parameter of the
ferrite circulator.

Pacuernsie mapamerpsl deppura R, W u L, H sBusrorcst
HAYaIbHBIMM KOHCTPYKTHBHBIMU MapaMeTpaMH, KOTOPbIE
BIIOCJIEACTBUM MOTYT OBITh CKOPPEKTHPOBAHBI IIOCIE
MOJIETTUPOBAHUS HUPKYJISATOpa I MOJTyUeHUs
HaWJIy4lIero pe3yjibTara Ha LHeHTpalibHOH yactoTe 3 ['T.
B Tabmuue Il mpuBemeHBI HCXOIHBIE KOHCTPYKTHBHBIC
rapameTpbl (eppUTOBOTO LIUPKYJISATOPA.

III. SIMULATION OF STRIPLINE CIRCULATOR

Based on the calculated of R, W, L, and H, the Y-junction
ferrite circulator was designed as shown in Fig.3. Then,
using EM simulator the designed circulator was
characterized to see the performance of the return loss
(S11), insertion loss (S21) and isolation (S31). Fig.3. shows
the initial design model of the ferrite circulator.

III. MOAEJIMPOBAHUE MOJIOCOBOI
NUPKYJIATOPA o)

OcHoBrIBasgch Ha pacuerax R, W, L u H, ¢eppurossrii
LUPKYJIATOP Y-TIepexona ObUT CIPOSKTHPOBAH TaK, Kak
nokaszaHo Ha ¢ur.3. 3arem, mocie MojaenupoBaHus OM
Ha OCHOBE pa3pabOTaHHOrO IUPKYJISATOPa CTajJO BHIHO
XapaKTepPUCTUKH BO3BpATHBIX MOTeph (S11), BHOCHMBIX
notepb (S21) m wm3omsamum (S31). Ha pumc.3. mokazana
HCXOHAsS pacyerHas MOJIENb (eppuroBoro
LHUPKYIATOPA.

The ferrite circulator is transmitting power from port 1 to

port 2 with the other port (port 3) become isolated, from
port 2 to port 3, and port 3 to port 1 while the other isolated.
To achieve this, the circulator must be magnetized properly
so the rotation of standing wave could perform. Using
different magnetization in the simulation generate the best
value for the center frequency of 3 GHz while the other
parameters are not changed. Fig.4. shows S-parameters of
the simulation for different magnetization.

@DeppUTOBBII MUPKYIATOP NMEPEJAET MOIIHOCTh OT MOpTa
1 x mopty 2, pu 3TOM IpyToi mopT (opT 3) CTAaHOBUTCS
M30JIUPOBaHHBIM, OT IOpTa 2 K MOPTY 3 U OT mopTa 3 K
mopty 1, B To BpeMs Kkak Apyro usonupoBaH. s
JOCTIDKCHHSI STOW LENH MHPKYJIATOpP IOIKEH OBITh
HaMarHW4YeH JOJDKHBIM 00pa3oM, dTOOBl BpalleHHE
CTOAYEeH BOJHBI MOIJIO BBINONHATHCS. Mcmomb3ys
pa3sNMYHYI0  HAMarHMYeHHOCTh B MOJEIMPOBAHHUU
TEeHEePHPYIOT Jydllee 3HAYeHWe Ui IeHTPaTbHON
yactoTsl 3 I'T, B TO BpeMsi Kak Jpyrue mapaMmeTpsl He
mMeHsoTcs. Ha  puc4. mokaszaHsl  S-TlapameTpsl
MOJICJIMPOBAHUS [T PA3INYHON HAMAarHUYEHHOCTH.

TABLE I INITIAL DESIGN PARAMETERS o
Property Values =)
Radius Ferrite (R) 5.81 mm
Ferrite Disk Thickness (H) 2 mm N Ferie Disk
Width Conductor Lines (W) 5.65 mm ‘ /‘ Nazan
Length Conductor Lines (L) 7 mm \ —
Conductor Thickness 0.65 mm srount s ey

Dielectric Substrate L=7mm
=1,al

Fig. 3. 3D model of stripline
circulator.
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Fig. 4. Graphic S-parameters of the simulation for different magnetization

(a) S11, (b) S21, and (c) S31.

From the Fig.4. it is shown that the magnetization of 1450 Oe
gives the best result for return loss, insertion loss, and
isolation at the center frequency of 3 GHz for the designed
ferrite circulator. The isolation reaches 30 dB at 3 GHz for
magnetization of 1450 Oe. The average insertion loss is
better than 1 dB for covered bandwidth (2.9 GHz - 3.1
GHz.). For higher magnetization (1600 Oe), the isolation is
increased but the frequency is shifted. Looking this
condition, the designed circulato
the best condition at 3 GHz.
parameter value at various
frequency of 3 GHz.

Table III shows the S-
magnetization for center

W3 puc.4. BunHo, uro HamarauuuBanue 1450 O> nmaet
HAWITYYIIMA ~ pe3yjbTaT IO OOpaTHBIM  IOTEPsM,
BHOCHUMBIM TIOTEpSIM ¥ HW3OJLIIUN Ha IEHTPaIbHOM
gactore 3 [T mns mpoektupyemoro (eppuToBOro
uupkynstopa. M3omsuusa nocturaer 30 ab npu 3 [T
s HamarHumduBaHus 1450 O». CpenHuil BHOCHMBIC
notepu MeHee 1 nb g monocs! npomyckanus (2.9 Tt
— 3.1 ITu.). Ina Gonee BBICOKOM HAMarHMYCHHOCTH
(1600 Oe), wu3omsAIHA yBeAHMYEHA HO YacTOTa
caBuraerca. Buas 3Tm pe3ynpTaThl, pa3paboTaHHBII
MUPKYJIATOp OBUT  ONTHMH3MPOBAH, 4YTOOBI HAWTH
nmyumree coctossHue Ha 4acrtore 3 I'Tu. B Tabmmme 11
MOKa3aHO 3HAYeHWEe S-mapameTpa TMpH  pa3TUIHON
HaMarHM4e€HHOCTH Ui LEeHTpalbHOM yacToThl 3 I'T.

TABLE IIIL S-PARAMETERS FOR DIFFERENT MAGNETIZATION OF
STRIPLINE CIRCULATOR AT FREQUENCY 3 GHZ
Magnetization Return Insertion Isolation

(Oe) Loss/S11 (dB) | Loss/S21 (dB) | /S31 (dB)
1000 -12.978 -1.377 -13.166
1200 -15.558 -0.814 -16.016
1350 -19.125 -0.561 -22.172
1520 -22.273 -0.474 -30.085
1600 -18.062 -0.517 -20.657

Fig.5. shows the comparison between the initial design
structure to the final optimation of the ferrite circulator
after another set of simulation. The increasing value of the
radius ferrite and inner conductor resulting in the frequency
shifted back to the center frequency of 3 GHz although the
isolation has decreased. Table IV shows the final
parameters and results from the optimized structure of
stripline ferrite circulator for Frequency 3 GHz.

Fig.6. shows the electric field distribution of the ferrite
circulator. It shows the all port can be used as input as the
three ports have the same value for the return loss,
insertion loss, and isolation symmetrically. These show the
proper function of the circulator.
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Fig. 5. Initial versus optimize of graphic S-Parameter model of the ferrite
circulator for magnetization 1600 Oe.

Ha puc.5. nokazaHo cpaBHEHHE HCXOJHON pacyeTHOU
CTPYKTYpBI c OKOHYATEeJIbHON onTUMH3aLUEH
(heppUTOBOTO IMPKYJATOpa IIOCIE APYroro Habopa
MOJCTUPOBAHUSA.  YBEIMUYCHHE 3HAUYEHHUS paguyca
(heppuTa U BHyTPEHHETO NMPOBOAHUKA IPUBOANT K TOMY,
YTO 9aCTOTa CMEIAETCs Ha3al K IEHTPaIbHON JacToTe 3
ITu, xors u3onsiuMsl yMeHblumnach. B Ttabmune IV
MPUBEACHBl OKOHYATENIbHBIE MapaMeTpPhl U Pe3yJIbTAThI
ONTHMH3ALUKN CTPYKTYPBI IIOJIOCOBOTO (pEpPPUTOBOTO
UPKyJIATOpa A1 yacToTsl 3 I'T.

Ha puc.6. moka3aHo pachpezeneHHe 3IEKTPHUECKOro
nons ¢epputoBoro mupKymnaTopa. OH MOKa3bIBAET, 4TO
BCE TIOPTHI MOT'YT MCIOJIB30BATHCA B KAUECTBE BXOIHBIX
JTAaHHBIX, TOCKOJBKY TpPH IOpTa HMEIOT OAWHAKOBOE
3HaYCHHE Ul O0OpaTHOH IoTepH, BHOCHUMOHW IMOTEPH H
W30JISALUN CHMMETPHYHO. Onn
NPaBWIbHYIO QYHKIHIO LIUPKYJISATOPA.
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Fig. 6. Wave circulation. (a) Input from port 1, (b) Input

Input from port 3. from port 2, (c)



TABLE IV. PARAMETERS AND RESULTS OF THE OPTIMIZED STRUCTURE
OF FERRIT STRIPLINE CIRCULATOR FOR FREQUENCY 3 GHZ

Property

Values

Radius Ferrite (R)

6 mm

Ferrite Disk Thickness (H)

2 mm

Width Conductor Lines (W)

5.67 mm

Length Conductor Lines (L)

7 mm

Return Loss (S11)

-28.111 dB

Insertion Loss (S21)

-0.411 dB

Isolation (S31)

-41.831dB

IV. CONCLUSION

The design and simulation result shows good performance at
the frequency of 3 GHz. According to the simulation, the
differential magnetization is implemented for the
circulator design for the optimized results. All these
optimizes S-parameters covered bandwidth (2.9 GHz -
3.1 GHz) of the system, which is generally a good
coverage for the radar system and with a good isolation
result, the circulator design can be used for a single/
shared system antenna or to protect another component.
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