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ABSTRACT

In this study, we have fabricated 9.385[GHz] circulator that is composed of WR112 waveguide and Ferrite for
X-band radar. For designing Ferrite, B/R mode(Below Resonance mode) was used and calculated the condition of
120 degree rotation of the electric field in Ferrite and calculated internal DC magnetic field and external DC
magnetic field. Also, dielectric materials of the same shape with Ferrite was filled between two Ferrite for
improving the performance of the circulator, including impedance matching, bandwidth, quality factor, insertion
loss. To obtain optimum shape of the Ferrite and dielectric material, we used CST MWS. Simulation result of
the circulator is that 1.02 : 1 VSWR, -40dB isolation, 0.2dB insertion loss and measurement result is that 1.03 :
1, -38dB, 1.2dB at 9.385[GHz]. We can get good agreement at isolation and VSWR, but insertion loss was 1

dB great than simulation result.

[.M 2 H= dete]Bof 2 v7e] &xlE o] 83 HEe

2] H. Bosama®7} #&o = Msldy, 1 &

gk 7R reuE AREste] Al Alse] Al 2 Algto] Al & e AHS ARgERE
FeEle EEAGE A $E0)9 22 dils o] 55Al AlzHlol| A= AFHolE= mlo]laRE
o AR e T8 Aladel e ol oA 2EF] AR FZ o] gaix|ul, o] HPS AHgs}
A5 Fe)she AFEole7E Aol Mg ee) £ dlolt] AlxrlolMe a3t Fejo] Mg olel”

v to

il

¥ B =2 20149 Al 5l BB21 Alge] A1 o} sl 1]
+° First Author and Corresponding Author : 734 Bty A EAIA|Y, yoonl @eagle kit.ac.kr, %3]
=l E D KICS2014-11-459, Received November 17, 2014; Revised January 14, 2015; Accepted January 14, 2015

355

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-02 Vol.40 No.02

= wWol ARgdltk =uht e AgeelEE a1 1
3} zro] 73 Eulghs 120 R A2 0471’%}04

3-ZEE FA3la, Ao Sl Aol E /Ts
ARelate] A el 02 qale 3= xED
wF AR a, £E27 gAKE vhe ZE30®RE
283 FE3OR QA vhe 2= 1 v A
o] A37) #3tE= B4S 7RIk sEle| EE o]
43l AEdolelE AR o, ZF ZEofA HIH-
2 A7} i ), o PR Qlste] A
FollA] Alse] Al AR w3l defe] BEe
9] ell4] DC ulolofzs ApAZE QI7heA] edom s
1 FAARE 2H83IAIRE, 2] ol|A] ule|o] v} qlrte
i, Ul 3} 23K dn M) AAA \A F2}
F& 7 v 7daapt 19 & qFeEelels
dlzfo] B A A wA FAE siAkEE A, A
Aol F& FAREe], DC ulo]o AA|, £35} 1A
M, F=fe]E 331 ﬂz% wy, Mol wEhA] A3
m» AHEBR= RE Faleo| wle}
] Wit ‘5317—4."& AL o]g3ted, slzte] Eufjo]
AHA AAE 300 3]Fo] Whlehs 2718 ZholA
=93 Y-17] AEdeleE ARt o=’ 3
Hollx] B AT 3D EM 55 o]&a}o],
9.385[GHz]oll#] WHAlalr} FHAR HAshs #%9
& AAR KL, AAES ARFsle] ofHEE ALe]
N5242A 3|2} $47]E o]83}e] S-parameters =
Asle] A EH|AA A} vwsisich

f

At g A7

"PORT 2

PORT 1

I3 1. Y¥ A% =vat AgdHeld
Fig. 1. Y-junction waveguide circulator.

. H2oIEQ| Atz

€x14 ;(]_7]2 AL F2 AR} AH JEHH u}

356

A== 2P71A cle]E mulES] EA uftel] LAY
o} oe] wAeA] Ak Aoz nk) wksk
o7 HhAEte R AAAHR] 2p)A Bl Bl A w3
gk, 23 Al el A= left-hand 2~} right-hand 2~310]
] A5, BapA el =] b 2]
=7} ZARI). 7)ol S ¥AA By = 2H,E Arlet
W, HE 2407 7] milEs} ol 2% g2 A
255 Sl A= damping 840l ]84 FU
(0 =0)7} Ho] 2A} -8 wlsko 2 A2 25}
A7}, =] AT N2 2] velEa, dlzle] =
Wiol AA(H)7F 2T T A9, AA Atk

M= Nm o)
A 7] wel e S AL
% == /mflx ﬁ 2)

2 Foixl) o7]A,
m : 223 A}l 2J&F magnetic dipole moment,

s : 223 ZA}ol| 2J%}t angular momentum

m
= B : gyromagnetic ratio

M AA AskEF
H : dle] E Ui A1) A7

o : AFF2] FAE

W mleles A4 H 7} ~7}6‘°ﬂ upeba] o

< magnetic dipole E“*LJ} o} dA]EHA E A
o), M| Agle] aAel Exk & Aol o]w] A}
35 23} Asle} slar M e} BAGE Ferrited! 7
$- 4mM, = 300 - 5000 [Gauss] ¢, Z3}=]7] A2
ferriter= vho| 223} Fale] w2 ALS 1A
7|22 ferritet= H-5 E3MFEelA E2HA7Ic),

1. H2t0|EQ| HIM FXI2

z ko7 319 ferrite o RF Al5% Q17}
AL o) ferrite UF-ollA] A 2A1S} 2k tlea)

et

—_— — —

H=H+Hpp

=Hax+Hy+ ©)
=144,z yy

(H,+ 1) 2

www.dbpia.co.kr



=%/ X-Band #o]t] & $& 3-2E AFH ¥

_— —

M, = M.+ My,
= M,z+My+ (M, +M,)z

Hyp € B, 0122, 2415 2414 olgele] o}

o e AE Qe 5 ek

M,= H, + “H 5
x wg_wQ T wU_wg y ( )
_ 7~jwwm jw()wm

M= T g ©

T

LM, e L H, ®) SR A &

M,
S 9lek F A M 3 ASE el Wl A
o) A7) H Aels] $AE vehily] Sl wAsh
)

ko
o,
rr
)
o
e
&
3'.9,
i

B = py(H+ M) = [ H ™

2 WA=, 2 Weke 2 nlo]e] Polder 9 A F
Apg-e A(®)FF 7o) FoixIl,

w gk 0
= py((U+[x]D)= |—jk p 0 8)
0 0 Hy
U)me
p= g1+ ——) ©)
Wy —w
k- wwm
= - 10
Ho wgfwz (10)

o174

wy = poYH, : Larmor AR5 T34~
Wy :/’LOP)/A/IQ : :\—Ei]‘ %E}ZF

w= RF A1%9] 34~

olshzte] A7 Azl sfele] B Al o]
s} AA g G FAES dehdel g,
CGS w5 o8& 7% Lamor 3= 4 %3} 3}
i 7Bk AL Al7] Hy ol setel 2o EeA)
3} ar 2] PR vhet 2ol A 5 gle] e
3P AbgEIel,

fo =w0/27r= No’YH;/QW 11
= (2.8 MHz/ Oersted)(HU Oersted) an

fm = wm/2ﬂ-: /1’0’7]‘/[5/271-
= (2.8MHz/ Oersted) (47 M, Gauss)

(12)

Z, dEfo]E uye] wlA FAE-E sl EL] 2
31218} 47 M [Gauss]9} Flfo]EL] Wi tellxe] DC
ZHAI] A7) H; [Oersted] ol <]3i4] Wgkoh= 2L o
4 ik

T mE 24l b 27)e) uid wkake 2 3|
= o Hve) e r B 5 gl o]#dh

7 o] Agzlel] gt Hzle|E Ul o] fE

X]’%‘% 7—}7—]1— /l:ff ) H;ff E]' Ir—;u‘i

t=p—k=p,(1+ il ) 13

Hepp= 1 = Ky wy —w (13)
(for RHCP)

=t k=p,(1+ O ) 14

Hepr=ptE=p, wetw (14)

(for LHCP)

Z, vlojoi 5l o] Ee} 4 Hu) RF Al5e} <
A5 2-8-2 RHCP, LHCP®| WA thar) = nlo]
ool oJgk Alx} 25 Wk} RHCP ol 2Jgh A}
= ko] x]3}A]uk LHCP 9} &= uhf| uksko]7] uf
o]tk
ufeta], dgfo] Eo] 2o R AF 2] H 7} <l
Zhs, AlAMFsE < g} Aujdwel ubA A
HAzlel] 3t i FAEC| tlE2BnE AuLer of
2pxg A ATl dele] 3)4-S opr|ghe). ulehA, A
Azte] sfEle] 317k} 3007} =W u] 71 4Alel
Ageolel7} ok

3, defo] E A AL] el FAEw A, -4 9
T}e] f& FAge], DC nlololx AHA|, E3} 2|
M, =t B T2 23 w,, Mol wheba A sl
A= A5 72 9w, 185 AHSRE RE T3
Feol] whEha] Wighths EulA Q1 AAS o] 43led, o
glo| Evje] ApA AAs} 7} 30 3]xlo] HbEl= 2
78 Zolr Tulgt & Y-87] AFHelelE st
A} gk

F—{ﬂo

<3

357

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-02 Vol.40 No.02

Iv. H2l0|EQ| A/R(Above Resonance)et
B/R(Below Resonance)Z2E

Circulator 7|4 A/R XEE 52 B/R mode®
AAZ A7k A T fell s AAE

%, ferrite®] ferrimagnetic resonance”} “HAsk= =}

fIMHz] ol ~
m"ﬂ oJair A=)
Z, RF 53915 f = 2800MHz 2l 735 A& 2HA12] Al
717} Hy, =1000[Ce] <l 739~ RF Al 27 2Pe}
o] Fv Ale] itk Wb Hgte] B SollA]
RF 4139] 48 H4w sp19lsix= A1) A7)

Al A7le H, =

Resonance) 5 AH8-8h= 7ut, 32 H), W} 2k 2}
Al2] Al7]|(Below Resonance)s AR&-gt}.

AR BE AREAl H > Hp ololok ek mhefe|
RF 5957} X-band(f=10GHzS! 7% o4 H, 9]
3571.4[Oe] ¥ vl ferrimagnetic resonance”} BFAI&}
2 H > 3571.49) 2HA12] A)71E ARgsfolut RF 4
50| £Ae] Aolxle). et o]2fgk =719] DC %
TAE Rt 2 olef g, NP S % RF F
317} 800MHzell4] 2.7GHz *H$12] RF 4132l 74--
AR WS ARSI 5, o] A% H, = 285.7-964
(Ce] |22 H > H, & WEshe d7AE AH-
3h= 7lo] 7hssiel.

g, BR 2=t AA) Al71E H << H, 2 3}
of FAA7)E ZlE onlgich

wEtA  H, = m
Hy, =357.14[Celo1 B2 HZ A8 & iz A
o] A7) W9l 0Bl 237, 357.14[0e] Bt zojok
shzdl, 27 2014 JF 2R 2] Al7lel el
= dgfe| Ert ZshElA] 7] wiitell A A4S of

ldl - f7h 1[GHz]°R,

Loss

Low Field MAGNETIC FIELD

Loss Region
Below Resonance Ferrimagnetic  Above Resonance

Operating Region Resonance Operating Region

S8l 2. sielel=elae] 23 s 4
Fig. 2. Resonance curve and loss of the ferrite

358

718kt

webd BR BE=a= of Fo7h 322 73 ik 2
H;, (f=10GHz<] 73-F, 3571.4[Oe])lIA] ferrimagnetic
resonance”} "HAYSIER, H, & FAS, HE A
3o Rf S4S Al WS ovlsted], & A7
o4+ X-band 9.385GHz-E AFHo|E]E Azlslm
2 BR WS ARSI o]elgh THHoA & e
e Z3A13} 47 M7} 1600[Gauss]&] Trans Tech
Ake] G-4256 Flzto| B2 27]H SAE 7IEoE, At
733 efe](slHdo]: 9.8mm, 77| : 2.8mm, B]-F4H
& 15. )72 B, 1R RS fl8te] FUg
o] el Z2Mm]FAE 2452 17 33 3ro] H=}
o]E Aleef| ARsiate] AlEH IS sioick AREEH
EIRhE- WR-1120]H, fdoddx~ A3k 918te] A
A S5 AUE ARkl (sl 2ol 25mm,

=o°]| 1.2mm)

a3 3. Y¥ A mahk Ageels SHs
Fig. 3. Side View of the circulator in waveguide Y
junction

V. AlZ0|M Zat 24

E=3 el A3E F5 =4 91l vlA sl
2 A fI8le] HZEo] ARsiEl dlzle]EE A
3k 3-port AJFH OB S Al EdelA 3ttt 17 4,
5, 62 {4 XEE WA wepr] AEH B ®
Evp W7o AMEeole & FAehe s B
]l etk &, 17 4ollA] JHEEE portl 2E 3}
95 ], ZHEEE port 37} H3, port 25 A

Wb a8 5 A9 QIHFEES port 22 F AE =H
FZE7} port 10] =3, port 32 At Hrpes 71& &
ok a7 604 913 E£EE port3oE & 7
5 B3l AHolch

A= Hx2e A 2 F394 9.385GHz0l|
4] 20dB °o]3}5 Hx= slglEdl, Al o3 AE
Hlol4d AF= -34dBollA -44dB7HA] Wi~ S35 A

www.dbpia.co.kr



=1/ X-Band #HoJHE 913 3-2E A]FHo]E]

J% 4. Port 10] §J¥ ZE
Fig. 4. Port 1 is input port

T2l 5. Port 27} §1Y £E
Fig. 5. Port 2 is input port

3 6. Port 3 7} 1Y ZE
Fig. 6. Port 3 is input port

YEE Holx glrk gk EFlol|re] Alglale
EE=0.3dB o3k =t), AlEelAd 23} 0.1dB ©|
so] As Aglck w3t 20dBose] Aelw Fulp
g Zo] 2F 99GHzo4 9GHzZE 900MHz7} =+
ZloR woxlcl webr WR-112 =33k o83k
X-Band 9.385GHz-§- AE#°|e1e] AlE#e|lAd A=}
= 53 ol g Hole AHE dnk

Voltage Standing Wave Ratio (VSWR)

 — VSWR1
— VSWR2
——=-VSWR3

8 82 84 86 88 9 92 94 96 98 10
Frequency | GHz

Tl 7. 7 E£E)X2] VSWR
Fig. 7. VSWR at each port

§-Parameter Magnitude in dB

— s11
—s21
|—s31
|— 512
| — 52,2
— 3,2

| —S23
— 53,3

882 84 86 88 9 92 94 %6 98 0
Frequency | GH

a7 8. 7z xEdA9 s-geiHet
Fig. 8. S-parameter at each port

VI. MEZHO[E & ¥ & =3

3-port A ZH o[l E A=) f15te] 4712 2P|
2 B4 2 Al Fele] Gamnetd G-4256 H2lo|EE
Trans-Tech 3Alel] FEAIRMS s, & 2+ AFF
g slzlo]Be] HApr]A s ®wal Zlolck

Z 5 AR Gamnet G-4256 Flo]E9] ol
e AR, 27] Y A Aol AEeA ARks
sigl o), Axpr1d 542 & 19 o] ok wigh
the A& & olrk 53] vlrAE 32 15.1¢014
14.77, A% AHL 84[Ce]ollX 58[0e], E3px}35}
4w M= 1600[Gauss]ol4 1579[Gauss] Z 7=
o} weba] Rz A3 2 3-port =FHE= AAA
olE]E vlA| Alo] B sk o|HF EAHS &
Z3}7] $13}e] Taconi A0 F41& 2.45 HZES 7
glolEo] A2 ez Auksie] Hzlo]E Alo]d]
¥°] 9.8mm7} HEE AIgE FelE ARSSte] <l
e A3 2 HA =5 s dAsKch 2™ 9,

359

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-02 Vol.40 No.02

1. AR selel B HAp|A A

Table 1. Electromagnetic property of the fabricated Ferrite
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A 2.8mm 2.8mm
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